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Abstract

Background There is substantial evidence indicating that cytokines play a role in the immune defense against
tuberculosis. This study aims to evaluate the levels of various cytokines in pleural effusion to ditinguish between
tuberculosis pleurisy and malignant pleurisy.

Methods A total of 82 participants with pleural effusion were included in the training cohort, and 76 participants
were included in the validation cohort. The individuals were divided into tuberculosis and malignant pleurisy groups.
The concentrations of interleukin-13 (IL-13), IL-4, IL-6, IL-10, IL-17 A, IL-17 F, IL-21, IL.-22, IL-25, IL-31, IL-33, interferon-y
(IFN-y), soluble CD40 ligand (sCD40L) and tumor necrosis factor-a (TNF-a) in pleural effusion were measured using

a multiplex cytokine assay. The threshold values were calculated according to the receiver operating characteristic
(ROQ) curve analysis to aid in diagnosing tuberculosis pleurisy. Furthermore, the combined measure was validated in
the validation cohort.

Results The levels of all 14 cytokines in pleural effusion were significantly higher in participants with tuberculosis
compared to those with malignant pleurisy (all P<0.05). The area under the curve (AUC) was > 0.920 for the IL-22,
sCD40L, IFN-y, TNF-a and IL-31, which were significantly increased in tuberculous pleural effusion (TPE) compared to
MPE in the training cohort. Threshold values of 95.80 pg/mL for IFN-y, 41.80 pg/mL for IL.-31, and 18.87 pg/mL for IL-22
provided > 90% sensitivity and specificity in distinguishing between tuberculosis pleurisy and malignant pleurisy in
the training cohort. Among these, IL-22 combined with sCD40L showed the best sensitivity and specificity (94.0% and
96.9%) for diagnosing tuberculosis pleurisy, and this finding was validated in the validation cohort.

Conclusion We demonstrated that the levels of IL-13, IL-4, IL-6, IL-10, IL-17 A, IL-17 F, IL-21, 1L-22, IL-25, IL-31, IL-33,
IFN-y, sCD40L and TNF-a in pleural effusion had significant difference between tuberculosis pleurisy and malignant

Yuzhen Xu, Jing Wu and Qiuju Yao contributed equally to this
article. Author order was determined on the basis of contribution to
this work.

*Correspondence:
Qinfang Ou
oginfang@163.com

Yan Gao
yangao09@fudan.edu.cn

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12865-024-00652-w&domain=pdf&date_stamp=2024-10-8

Xu et al. BMC Immunology (2024) 25:66

Page 2 of 9

pleurisy. Specifically, IL-22 > 18.87 pg/mL and sCD40L > 53.08 pg/mL can be clinically utilized as an efficient diagnostic
strategy for distinguishing tuberculosis pleurisy from malignant pleurisy.

Keywords Tuberculosis pleural pleurisy, Malignant pleural effusion, IFN-y, IL.-22, sCD40L

Background

Tuberculosis (TB) is a contagious disease and a leading
cause of death worldwide among infectious diseases. TB
is caused by the bacillus Mycobacterium tuberculosis (M.
tb), which typically affects the lung but can affect other
sites. Approximately a quarter of the world’s population
has been infected with M.tb [1]. Tuberculosis pleurisy
is one of the most common sites of extrapulmonary TB,
with an incidence of up to 30% in TB-endemic areas [2].
TPE and malignant pleural effusion (MPE) can present
with similar symptoms such as cough, chest pain, and
pleural effusion, making clinical differentiation difficult.
The diagnosis of MPE remains a long-term clinical prob-
lem due to the low cytological examination detection rate
(about 60%). Thoracoscopic biopsy is a high-performance
diagnostic method for both TPE and MPE, but its inva-
siveness limits clinical application [3]. Definitive diagno-
sis of tuberculosis pleurisy requires histological evidence
of caseating granulomas or microbiological evidence
of the organism on smear or culture which is time-con-
suming, though GeneXpert could improve the diagnos-
tic efficiency, it performs poorly in diagnosing TPE [4,
5]. Analyzing biomarkers such as adenosine deaminase
(ADA) in pleural effusions can enhance the diagnostic
accuracy for tuberculous pleurisy [6]. However, ADA
activity may also be elevated in other conditions, such
as pulmonary empyema and rheumatoid arthritis [7].
Therefore, identifying novel biomarkers is crucial for
improving the diagnosis of tuberculous pleurisy.

Thl and Th17 cells are the primary effector CD4" T
cells involved in M.tb infection. Thl cells are known to
contribute to TB protection by secreting IFN-y, which
activates macrophages and stimulates phagocytosis,
phagosome maturation, production of reactive nitrogen
intermediates, and antigen presentation [8, 9]. Th17 cells
secrete IL-17 and induce the expression of proinflamma-
tory genes such as granulocyte colony-stimulating factor
(G-CSF), CXC chemokines, IL-6, which promote neu-
trophilic inflammation and mediate tissue damage, thus
playing a role in TB pathology [8, 10, 11]. Published stud-
ies suggest that Th17-related cytokine pathways, includ-
ing IL-17, IL-21, IL-22, IL-23, may be manipulated by
M.th microorganisms for their survival benefits in pri-
mary tuberculosis (TB) [12]. It has been demonstrated
that cytokines of IL-1p, IL-6, IL-17, IL-31, IL-33, TNF-«a
and IFN-y may contribute to more efficient diagnosis
strategies in the management of tuberculous pleurisy
[13-17]. However, there was no synchronous comparison

of the diagnostic value of each cytokine in tuberculous
pleurisy.

In this study, we utilized a multiplex immunoassay kit
that includes Th1l and Th17-related cytokines, as well as
other cytokines. This approach enabled us to simultane-
ously compare the diagnostic efficacy of these cytokines
in identifying TPE and MPE. We evaluated the levels
of various cytokines in pleural effusion to determine
whether they could discriminate between TPE and MPE,
or if a combination of biomarkers could serve as biosig-
nature for TPE.

Results

Characteristics of enrolled participants

In the training cohort, which consisted of 50 participants
with TPE and 32 participants with MPE, we aimed to
explore the differential expression of IL-1f, IL-4, IL-6,
IL-10, IL-17 A, IL-17 F, IL-21, 1L-22, IL-25, IL-31, IL-33,
IFN-y, sCD40L and TNF-a. The validation cohort, com-
prising 51 TPE participants and 25 MPE participants,
was used to confirm the results proposed by the training
cohort. The clinical characteristics of both cohorts are
presented in Table 1. In the training cohort, there was
no significant difference in sex (TPE vs. MPE, 74.0% vs.
68.8%, P=0.606) or average age (TPE vs. MPE, 47.6 years
vs. 64.7 years, P=0.108) between tuberculosis pleurisy
and malignant pleurisy group. The average age in the
validation cohort had a statistical difference between the
tuberculous pleurisy and malignant pleurisy group (TPE
vs. MPE, 44.2 years vs. 66.5 years, P=0.001) but had no
significant difference of sex (TPE vs. MPE, 66.7% vs. 48%,
P=0.139). Eleven (22.0%) participants in the training
cohort and fourteen (27.5%) participants in the validation
cohort had positive result for M.tb on sputum smear or
culture.

Pleural effusion levels and ROC curve of different cytokines
in the training cohort

The levels of different cytokines in all participants of
the training cohort are shown in Fig. 1. The level of IL-6
had the highest concentration but IL-25 had the low-
est concentration in tuberculous and malignant pleu-
ral effusion. We found that the levels of all cytokines in
the tuberculosis pleurisy group were significantly higher
than malignant pleurisy group (Table 2). We used ROC
curve analysis to determine the optimal cut-off value of
each marker that discriminated TPE versus MPE (Fig. 2).
The AUC, sensitivity, and specificity of each cytokine are
shown in Table 2. The AUC of all cytokines were >0.7,
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Table 1 The clinical characteristic of training cohort and validation cohort
Tuberculous pleurisy Malignant pleurisy P value*
(n=50) (n=32)
Training cohort
Male/Female 37/13 22/10 0.623
Age, median (range) 47.6(12.0-84.0) 64.7 (39.0-89.0) 0.108
Sputum smear or culture positive, n (%) 11 (22.0) -- -
Validation cohort
Male/Female 34/17 12/13 0.139
Age, median (range) 44.2 (14.0-87.0) 66.5 (44.0-84.0) 0.001
Sputum smear or culture positive, n (%) 14 (27.5) - -
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Fig. 1 The levels of IL-6, IL-10, IL-17 F, IFN-y, IL-31, IL-21, IL-22, sCD40L, TNF-q, IL-33, IL-4, IL-13, IL-17 A and IL-25 between TPE and MPE in training cohort

were measured using a multiplex cytokines assay

with IL-22, sCD40L, IFN-y, TNF-a, IL-17 F and IL-31
all having an AUC>0.9. The sensitivity and specificity of
IFN-y, IL-31 and IL-22 were > 90%.

Combined measure of IL-22 with sCD40L, TNF-q, IL-31 and
IFN-y in the training cohort

The AUC for IL-22, sCD40L, TNF-a, IL-31 and IFN-y
was = 0.920, indicating a significant increase in these
markers in TPE compared to MPE. These cytokines
have proven to be highly effective in distinguishing TPE
from MPE. Among them, IL-22 had the highest specific-
ity, leading to diagnosis threshold > 18.87 pg/mL, which
was used in combination with sCD40L (53.08 pg/mL),
TNF-a (25.96 pg/mL), IL-31 (41.80 pg/mL), and IFN-y
(95.80 pg/mL) (Fig. 3). As summarized in Table 3, IL-22
comnbined with sCD40L had the best sensitivity and

specificity (94.0% and 96.9%, respectively). The sensitiv-
ity of IL-22 combined with IFN-y, TNF-a and IL-31 were
92.0%, 98.0% and 94.0%, respectively, and the specificity
were 96.9%, 87.5% and 93.8%, respectively.

Diagnostic performance of IL-22 combined with sCD40L in
the validation cohort

We found that the combination of IL-22 with sCD40L
provided the best sensitivity and specificity in the train-
ing cohort. Then we used 76 independent samples as a
validation cohort to confirm the accuracy of this test. As
shown in Table 4, the AUC for IL-22 and sCD40L were
> 0.860 in the validation cohort. In the validation cohort,
the median value of IL-22 was higher than in the training
cohort (68.31 vs. 27.72 pg/ml), while the median value of
sCD40L was lower (38.36 vs. 47.71 pg/ml). Howerer, the
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Table 2 Pleural effusion levels and AUC of different cytokines in training cohort
Cytokines Median (pg/ TPE Median =~ MPE Median AUC Pvalue 95% Cl Cut-off Sensitiv-  Specific-
mL) (pg/mL) (pg/mL) value (pg/ ity (%) ity (%)
mL)
IL-6 83681.00 99547.00 33268.00 0.793 <0.001 0.689-0.898 76752.00 72.3 774
IFN-y 258.00 1989.00 6.34 0979 <0.001 0.956-1.000 95.80 90.0 96.9
IL-10 165.40 314.00 94.28 0.830 <0.001 0.735-0.924 141.10 82.0 80.7
IL-17 F 115.50 14140 29.71 0.902 <0.001 0.832-0.97 63.02 91.8 75.0
IL-31 84.32 52940 9.20 0.979 <0.001 0.957-1.000 41.80 90.0 93.8
IL-21 64.71 1356 13.52 0.864 <0.001 0.784-0.945 41.69 82.0 84.4
IL-22 27.72 132.20 451 0.959 <0.001 0.919-1.000 18.87 90.0 100.0
TNF-a 56.66 15740 12.54 0.938 <0.001 0.875-1.000 25.96 96.0 87.5
sCD40L 47.71 84.74 2734 0.921 <0.001 0.861-0.980 53.08 78.0 96.9
IL-4 22.30 2825 3.17 0.834 <0.001 0.742-0.927 13.49 87.8 719
IL-33 5.60 2491 0.00 0.843 <0.001 0.758-0.929 5.07 720 80.7
IL-17 A 7.15 9.09 3.92 0.745 <0.001 0.628-0.862 6.56 70.0 68.8
I-13 373 6.12 0.99 0.843 <0.001 0.751-0.936 2.99 82.0 78.1
IL-25 2.63 3.38 1.54 0.829 <0.001 0.742-0916 2.55 720 80.7
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Fig. 2 The ROC curve analysis of different cytokines between TPE and MPE in training cohort. ROC: Receiver operating characteristic. AUC: Area under

the curve
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Fig. 3 Combined measure of IL-22 with sCD40L, TNF-q, IL-31 and IFN-y in training cohort. (A) Combined measure of IL-22 with sCD40L between TPE and
MPE. (B) Combined measure of IL-22 with TNF-a between TPE and MPE. (C) Combined measure of IL-22 with IL-31 between TPE and MPE. (D) Combined
measure of IL-22 with IFN-y between TPE and MPE. TPE: Tuberculosis pleural effusion. MPE: Malignant pleural effusion

Table 3 The sensitivity and specificity of IL-22 combined with sCD40L, TNF-a, IL-31 and IFN-y in training cohort

TPE MPE Sensitivity Specificity PPV NPV

IL-22 combined with sCD40L 47/50 1/32 94.0% 96.9% 97.9% 91.2%
IL.-22 combined with TNF-a 49/50 4/32 98.0% 87.5% 92.5% 96.6%
IL.-22 combined with IL-31 47/50 2/32 94.0% 93.8% 95.9% 90.9%
IL.-22 combined with IFN-y 46/50 1/32 92.0% 96.9% 97.9% 88.6%
Table 4 Diagnostic performance of IL-22 combined with sCD40L in validation cohort

Cytokines Median (pg/mL) AUC Pvalue 95%CI Cut-off value (pg/mL)  Sensitivity (%) Specificity (%)
IL-22 6831 0956  <0.001 0910-1.000 344 96.0 92.2

sCD40oL 3836 0869 <0.001 0.761-0977 31.27 88.0 824

IL.-22 combined with sCD40L - - - - - 90.2 88.0

cut-off values for IL-22 and sCD40L were lower in the
training cohort compared to the training cohort (3.44 vs.
18.87, and 31.27 vs. 53.08 pg/ml, respectively). We nextly
applied the threshold levels previously determined in the
training cohort (IL-22 was 18.87 pg/mL and sCD40L was
53.08 pg/mL) to confirm their diagnostic efficacy in the
validation cohort. As shown in Fig. 4, the combination
of IL-22 with sCD40L can efficiently discriminate TPE

versus MPE in the validation cohort, with a sensitivity of
90.2% and a specificity of 88.0%.

Discussion

Recently, single-cell profiling has revealed that TPE dis-
played obvious differences in the abundance of natural
killed (NK) cells, CD4*T cells and macrophages. These
differences were notably associated with disease type
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Fig. 4 Validation of diagnostic performance of IL-22 combined with sCD40L in validation cohort. TPE: Tuberculosis pleural effusion. MPE: Malignant

pleural effusion

[18]. In TPE, a variety of cytokines are produced by
these different cell types. NK cells can produce cytokines
such as IFN-y and TNF-a, which contribute to infec-
tion defense and influence the activity of other immune
cells. CD4* T cells secrete IFN-y, a cytokine essential for
activating macrophages and enhancing their bactericidal
activity as well as other cytokines like IL-2, IL-4, IL-10,
and IL-17. These cytokines help regulate the immune
response and maintain a balance between pro- and anti-
inflammatory signals. Macrophages are known to release
pro-inflammatory cytokines such as TNF-a, IL-1p, and
IL-6, which play critical roles in the immune response
to M.th infection. These cells are crucial for the initial
immune response, helping to contain the infection and
mediate inflammation [19-22].

In the present study, we investigated the potential role
of the various cytokines in pleural effusion, as biomark-
ers of disease by comparing participants with tubercu-
lous pleurisy and malignant pleurisy. We demonstrated
that multiple biomarkers detected in pleural effusion can
contribute to a diagnostic signature for differentiating
TPE from MPE. The diagnostic accuracy of these cyto-
kines was evaluated using ROC curve analysis. Consis-
tent with previous results [13—15], several cytokines were
able to discriminate, with a good performance, TPE from
MPE. Our analysis identified 6 cytokines IL-17 F, IL-22,
IL-31, sCD40L, IFN-y and TNF-a that performed well,
with the AUC value>0.9. Among these, IL-22, IFN-y and
IL-31 achieved the highest sensitivity and specificity of
2> 90%. Further combined measure revealed that IL-22
combining with sCD40L provided higher sensitivity and

specificity, and this combination was verified in the vali-
dation cohort.

Published studies have suggested that Thl7-related
cytokine pathways played a crucial roles in tuberculo-
sis infection [12]. IL17A secretion by CD4"T lympho-
cytes is essential for eliminating primary infections and
establishing an effective memory response by producing
IEN-y, which ultimately restricts bacterial growth [23,
24]. In participants with chronic TB, IL-17 A produc-
tion appears to be decreased. Studies found that IL-17
levels in participants with tuberculous pleural effusion
were higher than that in peripheral blood [25, 26]. In our
study, we found that the levels of IL-17 A and IL-17 F in
TPE were higher compared to MPE. However, the sen-
sitivity and specificity of these cytokines were not supe-
rior to those of other cytokines. In some IL-17 Receptor
Knock Out (IL-17RKO) mice models, it was found that
IL-17 gene knockout did not affect the susceptibility or
survival to M.tb infection [27, 28]. These murine models
suggest that, while the functional IL-23/Th17 pathway is
not crucial for primary protection against mycobacterial
infections, it may comtribute to granuloma formation
and inflammation [29]. Therefore, we speculated that
IL-17 does not play a dominant role in anti-tuberculosis
immunity, which may explain its lower diagnostic perfor-
mance in pleural effusion. The current research suggests
that IFN-y has extremely high diagnostic accuracy for
TPE [30-32]. In this study, the sensitivity and specificity
of IEN-y for diagnosing TPE were 90.0% and 96.9%, con-
sistent with previous fingdings. Therefore, IFN-y can be
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used as a reference to evaluate the diagnostic accuracy of
other cytokines.

IL-22 is a recently characterized cytokine from the
IL-10 family, produced by Th 17 cells, y0 T cells, NKT
cells, and newly described innate lymphoid cells. A role
for IL-22 has also been described in host defense within
barrier tissues such as the intestine, oral mucosa, skin
and lung [33]. Research has demostrated that IL-22 is
involved in tuberculosis immune responses [34]. Previ-
ous studies have reported higher concentrations of IL-22
in the bronchoalveolar lavage fluid (BALF) of active
tuberculosis participants compared to healthy controls
[35]. Liu et al. found a significantly higher level of IL-22
in the pleural fluid of TPE participants than in the blood
[36]. CD40L and sCD40L belong to the tumor necrosis
factor super family, and play dual roles in prothrombotic
and proinflammatory processes. They are expressed in
various tissues, including the immune system (in both
B and T cells), the vascular wall, and activated platelets
[37]. The interaction between CD40L and CD40 is crucial
for the priming and expansion of antigen-specific CD4™"
T cells, including upregulation of CD25 expression and
cytokine production [38, 39]. Studies reveal that CD40-
deficient dendritic cells (DCs) fail to induce antigen-spe-
cific IL-17 responses after M.tb infection, highlighting the
CD40-CD40L pathway as a potential traget to enhance
adaptive immunity to TB [40, 41]. Research confirms that
IL-22 combined with ADA may further improve diagnos-
tic accuracy [42]. In this study, we evaluated combina-
tion of IL-22 with sCD40L, TNF-a, IL-31 and IFN-y, and
found that IL-22 combined with sCD40L had the best
sensitivity and specificity among these combinations. It
was validated in the independent cohort, where the com-
bination showed a sensitivity of 90.2% and a specificity of
88.0%. Therefore, we speculate that the combined mea-
sure of IL-22 with sCD40L provides new insights into the
distinguishing between TPE and MPE.

This study has several limitations. First, only malignant
pleural effusion was included as the control group, which
may limit the generalizability of our findings. Addition-
ally, differentiating between parapneumonic pleural
effusion and tuberculous pleural effusion remains chal-
lenging in clinical practice. Future studies should aim to
include a broader range of control conditions to address
this issue. Second, while we verified the combined mea-
sure of IL-22 with sCD40L in the validation cohort, the
combination of IL-22 with other cytokines were not yet
implemented. Future research should explore these addi-
tional combinations to fully evaluate their diagnostic
potential.
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Conclusions

In conclusion, this study compared the AUC, sensitiv-
ity and specificity of different cytokines in discriminat-
ing tuberculosis pleurisy with malignant pleurisy. We
found that IL-22, IFN-y and IL-31 had higher sensitivity
and specificity. Notably, the combination of IL-22 with
sCD40L proved to be an effective diagnostic strategy for
identifying tuberculous pleurisy in clinical settings.

Materials and methods

Participants

From January 2011 to October 2013, totally 82 partici-
pants with pleural effusion were consecutively enrolled
from Wuxi Fifth People’s Hospital and Huashan Hospital
of Fudan University as the training cohort. This cohort
was used to explore the difference in various cytokines
between tuberculous pleurisy and malignant pleurisy.
From April 2018 to July 2021, totally 76 participants with
pleural effusion from Wuxi Fifth People’s Hospital, 905th
Hospital of PLA Navy and Huashan Hospital of Fudan
University were consecutively enrolled as the validation
cohort to confirm the results proposed by the training
cohort. In this study, subjects with human immunode-
ficiency virus (HIV), fungi or bacterial infection or in-
take immunosuppressive agents and glucocorticoids
were excluded. Participants were divided into tubercu-
lous pleurisy group and malignant pleurisy group. The
tuberculous pleurisy group included confirmed and
clinically diagnosed tuberculosis. The confirmed tuber-
culous pleurisy was diagnosed based on M. tuberculosis
culture-positive from pleural effusion and/or confirmed
tuberculosis infection via pleural biopsy. The clinical
diagnosis of tuberculous pleurisy was made if one of the
following criteria was met: positive acid-fast bacilli (AFB)
smear or culture of M. tuberculosis in sputum, posi-
tive tuberculosis culture from other biologic specimens,
clinical symptom and radiological evidence suggesting
tuberculosis infection, and a positive response to antitu-
berculosis medication without other identifiable causes
of pleural effusion. The malignant pleurisy were partici-
pants with malignant tumor and the pleural effusion were
found tumor cells.

Measurement of different cytokines in pleural effusion

The participants with pleural effusion provided informed
consent and underwent bedside pleural puncture guided
by ultrasound. During the procedure, 2 mL pleural effu-
sion was extracted using a sterile tube, and then was cen-
trifuged at 1500 rpm for 10 min. The supernatants were
stored at -80 °C until analysis. 25uL. of each pleural effu-
sion samples was diluted 1:1 with the kit serum matrix.
The levels of various cytokines in pleural effusion, includ-
ing IL-1pB, IL-4, IL-6, IL-10, IL-17 A, IL-17 F, IL-21, IL-22,
IL-25, IL-31, IL-33, IFN-y, sCD40L and TNF-a, were
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measured simultaneously using the Bio-Plex Multiplex
Immunoassay of Th17 cytokines (Bio-Rad Laboratories,
Inc.USA), according to the instructions of the kit manu-
facturers. The data were analyzed with Bio-Plex 200 sys-
tem (Bio-Rad Laboratories, Inc.,USA), and all the results
were expressed in pg/mL.

Statistical analysis

The statistical analysis was performed with GraphPad
Prism software (version 9.2.0; GraphPad Software, Inc.).
The data were compared by using the non-parametric
Mann-Whitney test and Chi-square test or Fisher’s exact
test. Significance was inferred for P<0.05. ROC curve
analysis was performed to determine the discriminate
ability of selected cytokines to distinguish tuberculosis
pleurisy and malignant pleurisy with the overall accuracy
assessed by AUC values. Sensitivity, specificity, positive
and negative predictive values (PPV, NPV) were calcu-
lated. 95% confidence intervals (95% CI) were calculated
using the Wilson method for proportions.

Abbreviations

TB tuberculosis

M.tb Mycobacterium tuberculosis
ADA adenosine deaminase

IFN-y interferon-y

IL interleukin

G-CSF granulocyte colony-stimulating factor
TNF-a tumor necrosis factor-a

AFB acid-fast bacilli

HIV human immunodeficiency virus
sCD40L  soluble CD40 ligand

ROC receiver operating characteristic
AUC area under curve

PPV positive predictive values

NPV negative predictive values

cl confidence intervals

TPE tuberculosis pleural effusion
MPE malignant pleural effusion

DCs dendritic cells

NK natural killed cells

Acknowledgements
The authors would like to thank all the study participants for their
participation and contribution to the study.

Author contributions

Yuzhen Xu, Jing Wu and Qiuju Yao contributed to the manuscript drafting and
statistical analysis, Qiangian Liu, Huaxin Chen and Bingyan Zhang contributed
to the methodology and enrollment of patients, Yuanyuan Liu, Sen Wang and
Lingyun Shao contributed to the curation of data and supervision, Wenhong
Zhang, Qinfang Ou and Yan Gao contributed to the study design and critical
revision of the manuscript.

Funding

This work was supported by the National Natural Science Foundation of China
(grant numbers 82171743 and 82101852), Shanghai Science and Technology
Committee (grant numbers 20dz2210401 and 21NL2600100), Shanghai
Municipal Science and Technology Major Project (HS2021SHZX001), and
Shanghai Sailing Program (grant numbers 22YF1404900).

Data availability
No datasets were generated or analysed during the current study.

Page 8 of 9

Declarations

Ethics approval and consent to participate

Our study was approved by the Ethics Committee of Huashan Hospital
affiliated with Fudan University Ethics Committee (KY2021-978). All the
experiments were performed in accordance with the Helsinki Declaration.
Written informed consent was obtained from all of the participants prior to
participation in our study.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Infectious Diseases, Shanghai Key Laboratory of
Infectious Diseases and Biosafety Emergency Response, Shanghai
Medical College, National Medical Center for Infectious Diseases, Huashan
Hospital, Fudan University, 12 Wulumugi Zhong Road, Shanghai

200040, People’s Republic of China

’Department of Respiratory Medicine, No. 905 Hospital of PLA Navy,
Shanghai, People’s Republic of China

*Department of Tuberculosis Diseases, Wuxi No.5 People’s Hospital,
JiangsuWuxi 214000, People’s Republic of China

“Key Laboratory of Medical Molecular Virology (MOE/MOH) and Institutes
of Biomedical Sciences, Shanghai Medical College, Fudan University,
Shanghai, People’s Republic of China

Shanghai Huashen Institute of Microbes and Infection, NO.6 Lane 1220
Huashan Rd, Shanghai, People’s Republic of China

SNational Clinical Research Center for Aging and Medicine, Huashan
Hospital, Fudan University, Shanghai, People’s Republic of China

Received: 26 December 2023 / Accepted: 6 September 2024
Published online: 09 October 2024

References

1. Golbal Tuberculosis Report. 2021. In.: World Health Organization; 2021.

2. Diacon AH, Van de Wal BW, Wyser C, Smedema JP, Bezuidenhout J, Bolliger
CT, et al. Diagnostic tools in tuberculous pleurisy: a direct comparative study.
Eur Respir J. 2003;22(4):589-91. https://doi.org/10.1183/09031936.03.000171
03a

3. LinL LS, Xiong Q,Wang H. A retrospective study on the combined biomark-
ers and ratios in serum and pleural fluid to distinguish the multiple types
of pleural effusion. BMC Pulm Med. 2021;21(1):95. https://doi.org/10.1186/
$12890-021-01459-w

4. LiS,LinL, Zhang F, Zhao C, Meng H, Wang H. A retrospective study on Xpert
MTB/RIF for detection of tuberculosis in a teaching hospital in China. BMC
Infect Dis. 2020;20(1):362. https://doi.org/10.1186/512879-020-05004-8

5. Shaw JA, Diacon AH, Koegelenberg CFN. Tuberculous pleural effusion. Respi-
rology. 2019;24(10):962-71. https://doi.org/10.1111/resp.13673

6. Antonangelo L, Faria CS, Sales RK. Tuberculous pleural effusion: diagnosis &
management. Expert Rev Respir Med. 2019;13(8):747-59. https://doi.org/10.1
080/17476348.2019.1637737

7. Ocafa |, Martinez-Vazquez JM, Segura RM, Fernandez-De-Sevilla T, Capdevila
JA. Adenosine deaminase in pleural fluids. Test for diagnosis of tuberculous
pleural effusion. Chest. 1983;84(1):51-3. https://doi.org/10.1378/chest.84.1.51

8. Lyadova IV, Panteleev AV.Th1 and Th17 cells in tuberculosis: Protection,
Pathology, and biomarkers. Mediators Inflamm. 2015;2015:854507. https.//
doi.org/10.1155/2015/854507

9. FlynnJL, Chan J, Lin PL. Macrophages and control of granulomatous inflam-
mation in tuberculosis. Mucosal Immunol. 2011;4(3):271-8. https://doi.
0rg/10.1038/mi.2011.14

10.  Khader SA, Gaffen SL, Kolls JK. Th17 cells at the crossroads of innate and
adaptive immunity against infectious diseases at the mucosa. Mucosal
Immunol. 2009;2(5):403-11. https://doi.org/10.1038/mi.2009.100

11. Ouyang W, Kolls JK, Zheng Y. The biological functions of T helper 17 cell
effector cytokines in inflammation. Immunity. 2008;28(4):454-67. https://doi.
0rg/10.1016/j.immuni.2008.03.004


https://doi.org/10.1183/09031936.03.00017103a
https://doi.org/10.1183/09031936.03.00017103a
https://doi.org/10.1186/s12890-021-01459-w
https://doi.org/10.1186/s12890-021-01459-w
https://doi.org/10.1186/s12879-020-05004-8
https://doi.org/10.1111/resp.13673
https://doi.org/10.1080/17476348.2019.1637737
https://doi.org/10.1080/17476348.2019.1637737
https://doi.org/10.1378/chest.84.1.51
https://doi.org/10.1155/2015/854507
https://doi.org/10.1155/2015/854507
https://doi.org/10.1038/mi.2011.14
https://doi.org/10.1038/mi.2011.14
https://doi.org/10.1038/mi.2009.100
https://doi.org/10.1016/j.immuni.2008.03.004
https://doi.org/10.1016/j.immuni.2008.03.004

Xu et al. BMC Immunology

20.

21

22.

23.

24,

25,

26.

27.

(2024) 25:66

Shen H, Chen ZW. The crucial roles of Th17-related cytokines/signal pathways

in M. Tuberculosis infection. Cell Mol Immunol. 2018;15(3):216-25. https://doi.

0rg/10.1038/cmi.2017.128

Fenhua J, Daohui W, Hui L, Xiaodong X, Wen H. Diagnostic value of com-
bined pleural interleukin-33, adenosine deaminase and peripheral blood
tuberculosis T cell spot detection TB for tuberculous pleurisy. BMC Infect Dis.
2021;21(1):861. https://doi.org/10.1186/512879-021-06575-w

TangY, Zhang J, Huang H, He X, Zhang J, Ou M, et al. Pleural IFN-y release
assay combined with biomarkers distinguished effectively Tuberculosis
from malignant pleural effusion. BMC Infect Dis. 2019;19(1):55. https:/doi.
0rg/10.1186/512879-018-3654-z

Dalil Roofchayee N, Marjani M, Dezfuli NK, Tabarsi P, Moniri A, Varahram M, et
al. Potential diagnostic value of pleural fluid cytokines levels for tuber-
culous pleural effusion. Sci Rep. 2021;11(1):660. https://doi.org/10.1038/
541598-020-79685-1

Luo L, Deng S, Tang W, Hu X, Yin F, Ge H et al. Monocytes subtypes from
pleural effusion reveal biomarker candidates for the diagnosis of tuberculosis
and malignancy. (1098-2825 (Electronic)).

GaoY,Ou Q Wu J, Zhang B, Shen L, Chen S, et al. Potential diagnostic value
of serum/pleural fluid IL-31 levels for tuberculous pleural effusion. Sci Rep.
20166:20607. https://doi.org/10.1038/srep20607

Yang X, Yan J, Xue Y, Sun Q Zhang Y, Guo R, et al. Single-cell profiling reveals
distinct immune response landscapes in tuberculous pleural effusion

and non-TPE. Front Immunol. 2023;14:1191357. https://doi.org/10.3389/
fimmu.2023.1191357

Chandra P, Grigsby SJ, Philips JA. Immune evasion and provocation by Myco-
bacterium tuberculosis. Nat Rev Microbiol. 2022;20(12):750-66. https://doi.
0rg/10.1038/541579-022-00763-4

Ruibal P, Voogd L, Joosten SA, Ottenhoff THM. The role of donor-unrestricted
T-cells, innate lymphoid cells, and NK cells in anti-mycobacterial immunity.
Immunol Rev. 2021,301(1):30-47. https://doi.org/10.1111/imr.12948

QinY, Wang Q, Shi J.Immune checkpoint modulating T cells and NK

cells response to Mycobacterium tuberculosis infection. Microbiol Res.
2023;273:127393. https://doi.org/10.1016/j.micres.2023.127393

Cardona P, Cardona PJ. Regulatory T cells in Mycobacterium tubercu-

losis infection. Front Immunol. 2019;10:2139. https://doi.org/10.3389/
fimmu.2019.02139

Tateosian NL, Pellegrini JM, Amiano NO, Rolandelli A, Casco N, Palmero DJ,
et al. IL17A augments autophagy in Mycobacterium tuberculosis-infected
monocytes from patients with active tuberculosis in association with the
severity of the disease. Autophagy. 2017;13(7):1191-204. https://doi.org/10.1
080/15548627.2017.1320636

Khader SA, Bell GK, Pearl JE, Fountain JJ, Rangel-Moreno J, Cilley GE, et al.
IL-23 and IL-17 in the establishment of protective pulmonary CD4+T cell
responses after vaccination and during Mycobacterium tuberculosis chal-
lenge. Nat Immunol. 2007;8(4):369-77. https://doi.org/10.1038/ni1449
Wang GQ, Yang CL, Yue DF, Pei LH, Zhong H, Niu JX. The changes and its
significance of Th17 and Treg cells and related cytokines in patients with
tuberculosis pleurisy. Allergy Asthma Clin Immunol. 2014;10(1):28. https://doi.
0rg/10.1186/1710-1492-10-28

Wang T, Lv M, Qian Q,Nie Y, Yu L, Hou Y. Increased frequencies of T

helper type 17 cells in tuberculous pleural effusion. Tuberculosis (Edinb).
2011;91(3):231-7. https://doi.org/10.1016/j.tube.2011.02.002

Umemura M, Yahagi A, Hamada S, Begum MD, Watanabe H, Kawakami K,

et al. IL.-17-mediated regulation of innate and acquired immune response
against pulmonary Mycobacterium bovis Bacille Calmette-Guerin infection. J
Immunol. 2007;178(6):3786-96. https://doi.org/10.4049/jimmunol.178.6.3786

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 9 of 9

Okamoto Yoshida Y, Umemura M, Yahagi A, O'Brien RL, Ikuta K, Kishihara K,

et al. Essential role of IL-17A in the formation of a mycobacterial infection-
induced granuloma in the lung. J Immunol. 2010;184(8):4414-22. https://doi.
0rg/10.4049/jimmunol.0903332

Khader SA, Gopal R. IL-17 in protective immunity to intracellular pathogens.
Virulence. 2010;1(5):423-7. https://doi.org/10.4161/viru.1.5.12862

Keng LT, Shu CC, Chen JY, Liang SK, Lin CK, Chang LY, et al. Evaluating pleural
ADA, ADA2, IFN-y and IGRA for diagnosing tuberculous pleurisy. J Infect.
2013;67(4):294-302. https://doi.org/10.1016/},jinf.2013.05.009

Aggarwal AN, Agarwal R, Dhooria S, Prasad KT, Sehgal IS, Muthu V. Compara-
tive accuracy of pleural fluid unstimulated interferon-gamma and adenosine
deaminase for diagnosing pleural tuberculosis: a systematic review and
meta-analysis. PLoS ONE. 2021;16(6):e0253525. https://doi.org/10.1371/jour-
nal.pone.0253525

Jiang J, Shi HZ, Liang QL, Qin SM, Qin XJ. Diagnostic value of interferon-
gamma in tuberculous pleurisy: a metaanalysis. Chest. 2007;131(4):1133-41.
https://doi.org/10.1378/chest.06-2273

Dudakov JA, Hanash AM, van den Brink MR. Interleukin-22: immunobiology
and pathology. Annu Rev Immunol. 2015;33:747-85. https://doi.org/10.1146/
annurev-immunol-032414-112123

Ronacher K, Sinha R, Cestari M. IL-22: an underestimated player in Natural
Resistance to Tuberculosis? Front Immunol. 2018;9:2209. https://doi.
0rg/10.3389/fimmu.2018.02209

Qiu L, Huang D, Chen CY,Wang R, Shen L, Shen Y, et al. Severe tuberculosis
induces unbalanced up-regulation of gene networks and overexpression of
I1-22, MIP-1alpha, CCL27, IP-10, CCR4, CCR5, CXCR3, PD1, PDL2, IL-3, IFN-beta,
TIM1, and TLR2 but low antigen-specific cellular responses. J Infect Dis.
2008;198(10):1514-9. https://doi.org/10.1086/592448

LiuY,Ou Q, Liu Q Gao Y, Wu J, Zhang B, et al. The expressions and roles of
different forms of IL-22 in Mycobacterium tuberculosis infection. Tuberculosis
(Edinb). 2017;107:95-103. https://doi.org/10.1016/j.tube.2017.08.009
Antoniades C, Bakogiannis C, Tousoulis D, Antonopoulos AS, Stefanadis C. The
CD40/CDA40 ligand system: linking inflammation with atherothrombosis. J
Am Coll Cardiol. 2009;54(8):669-77. https://doi.org/10.1016/jjacc.2009.03.076
Noelle RJ. CD40 and its ligand in host defense. Immunity. 1996;4(5):415-9.
https://doi.org/10.1016/51074-7613(00)80408-2

Medara N, Lenzo JC, Walsh KA, Reynolds EC, Darby IB, O'Brien-Simpson NM. A
review of T helper 17 cell-related cytokines in serum and saliva in periodonti-
tis. Cytokine. 2021;138:155340. https://doi.org/10.1016/j.cyt0.2020.155340
Sia JK, Bizzell E, Madan-Lala R, Rengarajan J. Engaging the CD40-CD40L path-
way augments T-helper cell responses and improves control of Mycobacte-
rium tuberculosis infection. PLoS Pathog. 2017;13(8):e1006530. https://doi.
org/10.1371/journal.ppat.1006530

Enriquez AB, Sia JK, Dkhar HK, Goh SL, Quezada M, Stallings KL, et al. Myco-
bacterium tuberculosis impedes CD40-dependent notch signaling to restrict
th(17) polarization during infection. iScience. 2022;25(5):104305. https://doi.
0rg/10.1016/j.i5¢i.2022.104305

He J, Zhang R, Shen Y, Wan C, Zeng N, Qin J, et al. Diagnostic accuracy of
interleukin-22 and adenosine deaminase for tuberculous pleural effu-

sions. Curr Res Transl Med. 2018;66(4):103-6. https://doi.org/10.1016/j.
retram.2018.08.002

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1038/cmi.2017.128
https://doi.org/10.1038/cmi.2017.128
https://doi.org/10.1186/s12879-021-06575-w
https://doi.org/10.1186/s12879-018-3654-z
https://doi.org/10.1186/s12879-018-3654-z
https://doi.org/10.1038/s41598-020-79685-1
https://doi.org/10.1038/s41598-020-79685-1
https://doi.org/10.1038/srep20607
https://doi.org/10.3389/fimmu.2023.1191357
https://doi.org/10.3389/fimmu.2023.1191357
https://doi.org/10.1038/s41579-022-00763-4
https://doi.org/10.1038/s41579-022-00763-4
https://doi.org/10.1111/imr.12948
https://doi.org/10.1016/j.micres.2023.127393
https://doi.org/10.3389/fimmu.2019.02139
https://doi.org/10.3389/fimmu.2019.02139
https://doi.org/10.1080/15548627.2017.1320636
https://doi.org/10.1080/15548627.2017.1320636
https://doi.org/10.1038/ni1449
https://doi.org/10.1186/1710-1492-10-28
https://doi.org/10.1186/1710-1492-10-28
https://doi.org/10.1016/j.tube.2011.02.002
https://doi.org/10.4049/jimmunol.178.6.3786
https://doi.org/10.4049/jimmunol.0903332
https://doi.org/10.4049/jimmunol.0903332
https://doi.org/10.4161/viru.1.5.12862
https://doi.org/10.1016/j.jinf.2013.05.009
https://doi.org/10.1371/journal.pone.0253525
https://doi.org/10.1371/journal.pone.0253525
https://doi.org/10.1378/chest.06-2273
https://doi.org/10.1146/annurev-immunol-032414-112123
https://doi.org/10.1146/annurev-immunol-032414-112123
https://doi.org/10.3389/fimmu.2018.02209
https://doi.org/10.3389/fimmu.2018.02209
https://doi.org/10.1086/592448
https://doi.org/10.1016/j.tube.2017.08.009
https://doi.org/10.1016/j.jacc.2009.03.076
https://doi.org/10.1016/s1074-7613(00)80408-2
https://doi.org/10.1016/j.cyto.2020.155340
https://doi.org/10.1371/journal.ppat.1006530
https://doi.org/10.1371/journal.ppat.1006530
https://doi.org/10.1016/j.isci.2022.104305
https://doi.org/10.1016/j.isci.2022.104305
https://doi.org/10.1016/j.retram.2018.08.002
https://doi.org/10.1016/j.retram.2018.08.002

	﻿The diagnostic value and validation of IL-22 combimed with sCD40L in tuberculosis pleural effusion
	﻿Abstract
	﻿Background
	﻿Results
	﻿Characteristics of enrolled participants
	﻿Pleural effusion levels and ROC curve of different cytokines in the training cohort
	﻿Combined measure of IL-22 with sCD40L, TNF-α, IL-31 and IFN-γ in the training cohort
	﻿Diagnostic performance of IL-22 combined with sCD40L in the validation cohort

	﻿Discussion
	﻿Conclusions
	﻿Materials and methods
	﻿Participants
	﻿Measurement of different cytokines in pleural effusion
	﻿Statistical analysis

	﻿References


