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Xin Qiao', Ming-Ming Shao*, Feng-Shuang Yi* and Huan-Zhong Shi*

Department of Respiratory and Critical Care Medicine, Clinical Center for Pleural Diseases, Beijing Institute of Respiratory
Medicine and Beijing Chao-Yang Hospital, Capital Medical University, Bejjing, China

Background and Objective: The accurate differential diagnosis of tuberculous pleural
effusion (TPE) from other exudative pleural effusions is often challenging. We aimed to
validate the accuracy of complement component C1q in pleural fluid (PF) in diagnosing
TPE.

Methods: The level of C1g protein in the PF from 49 patients with TPE and 61
patients with non-tuberculous pleural effusion (non-TPE) was quantified by enzyme-
linked immunosorbent assay, and the diagnostic performance was assessed by receiver
operating characteristic (ROC) curves based on the age and gender of the patients.

Results: The statistics showed that C1q could accurately diagnose TPE. Regardless
of age and gender, with a cutoff of 6,883.9 ng/mL, the area under the curve (AUC),
sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)
of C1q for discriminating TPE were 0.898 (95% confidence interval: 0.825-0.947), 91.8
(80.4-97.7), 80.3 (68.2-89.4), 78.9 (69.2-86.2), and 92.5 (82.6-96.9), respectively.
In subgroup analysis, the greatest diagnostic accuracy was achieved in the younger
group (< 50 years of age) with an AUC of 0.981 (95% confidence interval: 0.899-
0.999) at the cutoff of 6,098.0 ng/mL. The sensitivity, specificity, PLR, NLR, PPV,
and NPV of C1qg were 95.0 (83.1-99.4), 92.3 (64.0-99.8), 97.4 (85.2-99.6), and 85.7
(60.6-95.9), respectively.

Conclusion: Complement component C1q protein was validated by this study to be
a promising biomarker for diagnosing TPE with high diagnostic accuracy, especially
among younger patients.

Keywords: c1q, tuberculous pleural effusion, diagnosis, age, biomarker

SUMMARY AT A GLANCE

Our study is the first to investigate the diagnostic efficacy of Clq in pleural fluid in differentiating
TPE from non-TPE according to patients’ age and gender.
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INTRODUCTION

Tuberculosis (TB) resulted from Mycobacterium tuberculosis
(Mtb) infection is known as one of the major causes of death
worldwide. Tuberculous pleural effusion (TPE) is the most
common extrapulmonary form of TB (Baumann et al.,, 2007;
Peto et al.,, 2009; Pang et al., 2019; Kang et al., 2020). Although
TPE is clinically common, its differentiation from other types
of exudative pleural effusion, such as malignant pleural effusion
(MPE), parapneumonic pleural effusion (PPE), and other types
of pleural effusion due to autoimmune diseases etc., is often
challenging. Smear microscopy with Ziehl-Neelsen stains, Mtb
culture, and pleural biopsy are the gold standards for the
diagnosis of TPE; however, the positive rates of Ziehl-Neelsen
staining and Mtb culture are both very low. Pleural biopsy is
an invasive procedure with the concerns that the complications
associated with surgery that cannot be ignored (Wang et al.,
2015). Compared with the above methods, biomarkers in pleural
fluid (PF), such as adenosine deaminase (ADA), are an affordable,
simplified, non-invasive, and rapid diagnostic method for TPE
(Porcel, 2016; Zhang et al., 2020).

Recently, complement has been highlighted as a candidate
biomarker for active TB. There are a few studies on the role
of Clq in TB immunity that have suggested Clq to be useful
in the differential diagnosis of human activity infection and
latent infection of Mtb (Cai et al., 2014; Lubbers et al., 2018),
although most have focused on the Clq level in serum. In
addition, some studies on TPE have enrolled patients with
transudative pleural effusion, which can be separated effectively
from exudative effusions using Light’s criteria (Cai et al., 2014;
Luo et al.,, 2019). Meanwhile, age and gender have important
effects on the immune system (Markle and Fish, 2014; Giefing-
Kroll et al., 2015), which may affect the diagnostic accuracy of
diagnostic markers (Jiang et al., 2020). Therefore, we conducted
this study to identify the exact role of complement component
Clq in the diagnosis of TPE according to age and gender.

MATERIALS AND METHODS

Study Populations and Sample
Collection

Consecutive pleural effusion patients were enrolled in the
Department of Respiratory and Critical Care Medicine, Beijing
Chao-yang Hospital, Capital Medical University, between April
2019 and October 2020. Patients who underwent any invasive
pleural surgery or experienced chest trauma during the 3
months prior to their hospitalization; who had received any
anti-TB chemotherapy, antitumor treatment, glucocorticoids, or
other non-steroidal anti-inflammatory therapy were excluded.
Due to the activation of complement system is related to the
pathogenesis of diabetes (Shim et al., 2020). This may cause
complicated changing of the level of Clq in pleural fluid, lead
to unpredictable results, we excluded the patients complicated
with diabetes. A total of 110 patients with a definite diagnosis
of exudative pleural effusion were included in our study. Non-
TPE cases included patients with MPE, PPE, or various pleural

effusion. TPE was diagnosed if Ziehl-Neelsen staining or Mtb
culture of PF or pleural biopsy specimens were positive, or if
a granuloma was present in the pleural biopsy specimens. MPE
was diagnosed when malignant cells were observed in PF and/or
pleural biopsy specimens. PPE was diagnosed as any effusions
related to bacterial pneumonia, lung abscess, and bronchiectasis
with infection. The remaining effusions consisted of exudates
caused by coronary artery bypass surgery or autoimmune
diseases. Patients’ baseline data are illustrated in Table 1.

PF was collected by diagnostic thoracentesis from each patient.
At the same time, peripheral blood was also collected, and
the PF and paired blood samples were quickly transferred to
the laboratory at 4°C and centrifuged at 400 g for 10 min at
4°C. The supernatant was stored at —80°C for later Clq and
ADA measurement.

This study was approved by the ethics committees of
Beijing Chao-yang Hospital, Capital Medical University, and all
participants had written informed consent.

Concentration Determination of C1q

Protein

The concentration of Clq protein in PF and plasma were
tested by enzyme-linked immunosorbent assay (ELISA) kits with
reference to the manufacturer’s specifications (Thermo Fisher
Scientific, Waltham, MA, United States). The level of ADA was
determined using colorimetric method kits (InTec Products,
Inc., Xiamen, China) in accordance with the manufacturer’s
specifications. All samples were assayed in duplicate.

Statistical Analysis

Continuous statistics were expressed as mean =+ standard
deviation or medians (25th-75th centiles). Categorical data were
described by frequencies. Differences in continuous statistics
between groups were compared using Student’s ¢-test or Mann-
Whitney U-test, while the x2-test was used for comparing
categorical data. Receiver operating characteristic (ROC) analysis
was applied to identify the power of Clq to distinguish TPE and
non-TPE cases, and results were presented as area under the
Curve (AUC) (Hanley and McNeil, 1982; Zweig and Campbell,
1993). Statistical analyses were performed using SPSS and
MedCalc software, and statistical significance was present when
P <0.05.

RESULTS

Clinical and Demographic
Characteristics of Patients With Pleural

Effusion

Some biochemical, cytological, and demographic data of the
TPE and non-TPE patient groups are illustrated in Table 1.
According to our preliminary statistical results, we selected the
age of 50 years as the cutoff for the age subgroups: younger group
(< 50 years old) and older group (> 50 years old), respectively.
In this study, TPE patients were younger than non-TPE patients
(P < 0.001). The total cell count, CI- level, and glucose level
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TABLE 1 | Baseline characteristics according to study population.

Variable Total population TPE (n = 49) Non-TPE (n = 61) P-value
Gender, male/female, n 75/35 32/17 43/18 0.562
Age, years 51 (31, 71) 31 (24, 43) 65 (51, 77) <0.001
Total cell count x 109/L 4.7 (2.1,16.0) 4.1(2.3,6.8) 9.5(2.1,72.6) 0.007
Protein, g/L 45.6 +£ 9.1 50.3+6.3 41.8+93 <0.001
LDH, U/L 340.5 (223.3, 594.0) 444.0 (320.0, 628.5) 279.0 (174.5, 472.5) 0.003
Cl=, mmol/L 106.0 (103.1, 108.7) 104.9 (101.6, 107.2) 106.8 (104.1, 109.5) 0.007
Glucose, mmol/L 52423 46+1.6 57+27 0.007

Data are presented as mean + SD or median (25th-75th centile). Differences of continuous data between groups were compared using Student’s t-test or Mann-Whitney
U-test, and y?-test was used for comparisons of categorical data. TPE, tuberculous pleural effusion, non-TPE, non-tuberculous pleural effusion.

TABLE 2 | Concentrations of C1q and ADA in PF according to age.

Variable TPE Non-TPE P-value
C1q, ng/mL 10331.4 + 2882.1 5418.5 + 2819.4. <0.001
Age <50y 10608.2 + 2955.4 4034.5 + 1669.2 <0.001
Age > 50y 9101.4 £2274.4 5793.4 + 2960.2 0.002
ADA, U/L 44.7 (36.4, 56.0) 9.4 (7.4,15.0) <0.001
Age <50y 46.1 (37.6, 59.0) 9.3(7.1,14.3) <0.001
Age > 50y 37.2 (23.5, 46.4) 9.4 (7.3,15.1) <0.001

Data are presented as mean + SD or median (25th-75th centile). Differences
between groups were compared using Student’s t-test for C1q or Mann-Whitney
U-test for ADA. TPE, tuberculous pleural effusion, non-TPE, non-tuberculous
pleural effusion.

in TPE patients were lower than those in non-TPE patients (all
P = 0.007). Compared with those in non-TPE patients, protein
and lactate dehydrogenase (LDH) levels in TPE patients were
significantly higher (P < 0.001 and P = 0.003, respectively).

Concentrations of C1q and as Adenosine

Deaminase in Pleural Fluid

Regardless of age and gender, the levels of Clq and ADA
were higher in the TPE group than in the non-TPE group
(P <0.001) (Table 2, Figure 1A, and Supplementary Figure 1D).
Overall, the concentration of Clq was lower in PF than in
plasma (P < 0.001). In addition, plasma concentrations of
Clq in TPE patients did not differ from those in non-TPE
patients (P = 0.965) (Supplementary Table 1). Similar statistical
differences were found in the different age subgroups (Table 2
and Figures 1C,F) and gender subgroups (Supplementary
Table 2 and Supplementary Figures 1A,F).

Diagnostic Values of Pleural Fluid C1q

and as Adenosine Deaminase

In the general patients, with a cutoff of 6,883.9 ng/mL, the AUC,
sensitivity, specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR), positive predictive value (PPV), and
negative predictive value (NPV) of PF Clq to discriminate
TPE and non-TPE cases were 0.898 (95% confidence interval:
0.825-0.947; P < 0.001), 91.8%, 80.3%, 4.7, 0.10, 78.9, and 92.5,
respectively (Figure 1B and Table 3). Meanwhile, the AUC of
ADA was 0.953 (Supplementary Figure 1E), and there was no

significant difference in the AUCs between Cl1q and ADA (0.055
(—0.015 t0 0.125), z = 1.539, P = 0.124).

The measures of diagnostic accuracy of PF Clq in different
subgroups were also determined. With a cutoft of 6,098.0 ng/mL,
the AUC of PF Clq in the younger group to differentiate
TPE and non-TPE cases was 0.981 (95% confidence interval:
0.899-0.999; P < 0.001), while the sensitivity, specificity, PLR,
NLR, PPV, and NPV of Clq were 95.0%, 92.3%, 12.4, 0.05,
97.4, and 85.7, respectively (Figure 1D and Table 3). The
older group, male group, and female group had AUCs of
0.847 (0.727-0.929) (Figure 1E and Table 3), 0.922 (0.836-
0.971) (Supplementary Figure 1B and Supplementary Table 3),
and 0.827 (0.661-0.933) (Supplementary Figure 1C and
Supplementary Table 3), respectively. Further, the parameters
of diagnostic accuracy of ADA in the different subgroups are
shown in Table 3, Figures 1G,H, Supplementary Table 3, and
Supplementary Figures 1G,H.

The AUC of Clq in younger group was significantly higher
than that in older group (0.134 (0.028-0.240); z = 2.468;
P =0.014); however, there was no significant difference between
younger patients and older patients in terms of ADA [0.030
(—0.064 to 0.124), z = 0.631, P = 0.528). There was no difference
found in the gender subgroup analysis of Cl1q and ADA [0.09
(—0.057 to 0.246), z = 1.224, P = 0.221 and 0.113 (—0.024 to
0.250), z = 1.613, P = 0.107)].

DISCUSSION

According to the global tuberculosis report 2020 (WHO, 2020),
there were about 10.0 million people had been diagnosed
with TB in 2019. According to the data in the report, as
one of the countries with high burden of TB, there were
approximately 833,000 people fell ill with TB in China in 2019,
and the case fatality rate was about 4.0%. Extrapulmonary
TB accounted for 16% of the incident cases. The pleura
has been reported as the major site of disease in patients
with extrapulmonary TB, and tuberculous pleurisy occurs in
approximately 50% of patients with extrapulmonary TB (Kang
et al., 2020). Early animal studies have shown that tuberculous
pleurisy is thought to be a delayed hypersensitivity reaction
induced by a small amount of Mtb entering the thoracic cavity
rather than a local inflammatory reaction caused by direct
infection (Allen and Apicella, 1968; Leibowitz et al., 1973;
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FIGURE 1 | Diagnostic accuracy of C1qg and ADA in PF for TPE according to different ages. Comparison of C1q level in TPE and those in non-TPE cases (A). The
ROC curves show the diagnostic value of C1q in all patients (B). Comparison of C1q in TPE and those in non-TPE cases according to age (C). The ROC curves
show the diagnostic value of C1q in younger patients (D) and older patients (E), respectively. Comparison of ADA in TPE and those in non-TPE cases according to
age (F). The ROC curves show the diagnostic value of ADA in younger patients (G) and older patients (H), respectively. **P < 0.01, ***P < 0.001.

Chakrabarti and Davies, 2006; Zhai et al., 2016). Therefore, the
bacillary load in pleural effusion is low, and the diagnosis
of TPE is often challenging to make and sometimes requires
invasive surgery to obtain pleural tissue for histological and
microbiological examinations (Amer et al., 2016; Antonangelo
et al, 2019). Most cases of TPE can be diagnosed through
medical thoracoscopy (Wang et al., 2015; Carlucci et al., 2019).

However, not everyone has the indication to undergo a
medical thoracoscopy nor is everyone willing to undergo this
examination. Therefore, some soluble biomarkers in PF have
been extensively evaluated (Porcel, 2016; Wang et al., 2018;
Zhang et al., 2020).

The complement system consists of more than 50 kinds of
proteins that either circulate in the fluid phase or bind to the
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TABLE 3 | Diagnostic performance of C1q and ADA in PF in differentiating between patients with TPE and those with non-TPE according to age.

Variable Cut-off value (ng/mL) AUC (95% CI) Sensitivity (%) Specificity (%) PLR NLR PPV NPV
Clqg 6883.9 0.898 91.8 80.3 4.7 0.10 78.9 92.5
(0.825-0.947) (80.4-97.7) (68.2-89.4) (2.8-7.8) (0.04-0.30) (69.2-86.2) (82.6-96.9)
Age <50y 6098.0 0.981 95.0 92.3 12.4 0.05 97.4 85.7
(0.899-0.999) (83.1-99.4) (64.0-99.8) (1.9-81.3) (0.01-0.20) (85.2-99.6) (60.6 -95.9)
Age > 50y 7395.7 0.847 100.0 81.3 5.3 0.00 50.0 100.0
(0.727-0.929) (66.4-100.0) (67.4-91.1) (3.0-9.6) - (35.7-64.3)
ADA 22.01 0.953 98.0 90.2 9.96 0.02 88.9 98.2
(0.895-0.984) (89.1-99.9) (79.8-96.3) (4.7-21.3) (0.00-0.20) (78.9-94.5) (88.8-99.7)
Age <50y 16.30 0.933 97.5 84.6 6.34 0.03 95.1 84.6
(0.829-0.983) (86.8-99.9) (54.6-98.1) (1.8-22.7) (0.00-0.20) (84.5-98.6) (58.3-95.6)
Age > 50y 22.49 0.963 100.0 93.8 16.0 0.00 75.0 100.0
(0.876-0.995) (66.4-100.0) (82.8-98.7) (5.3-47.9) - (50.1-90.0) -

AUC, area under the curve; PLR, positive likelihood ratio; NLR, negative likelihood ratio; PPV, positive predictive value; NPV, negative predictive value.

cell membrane, which has varied effector functions and plays an
important role in both innate and adaptive immune responses
(West et al., 2018; Conigliaro et al., 2019; Shim et al., 2020).
When Mtb is inhaled into the lungs of human hosts for the
first time, it will activate the complement classical pathway in
the alveoli (Ferguson et al., 2004). Complement Clq is the
first recognition subunit of the complement classical pathway
whose gene polymorphism is closely related to TB susceptibility
(Bruiners and Schurz, 2020). Research has suggested Clq can
be used as a soluble mediator to evaluate TB progression in
primates (Dijkman et al., 2020). Both Clq gene expression on
mononuclear cells in peripheral blood and the serum C1q protein
levels are related to active disease in human tuberculosis (Cai
et al,, 2014; Lubbers et al., 2018), and there is a progressive
decrease in plasma Clq mRNA expression and plasma ClqC
protein during anti-tuberculosis chemotherapy (Cai et al., 2014).
In our study, no difference was found in plasma Clq levels
between TPE and non-TPE patients, which may have been caused
by variations in disease stages of enrolled participants in previous
studies and our study. Similar to previous findings (Cai et al.,
2014; Luo et al., 2019), through this study, we confirmed that
Clq protein levels in TPE patients were remarkably higher than
those in non-TPE patients, the cause of this issue maybe similar
to the cases of pulmonary tuberculosis we mentioned above. The
diagnostic efficacy of Clq was comparable to that of ADA, the
preferred soluble biomarker for TPE (Zhang et al., 2020). Clqisa
great diagnostic biomarker for discriminating TPE and non-TPE
cases, and we further conducted subgroup analysis according
to age and gender.

The contributions of age and gender to an immune response
are significant (Pawelec, 2006; Markle and Fish, 2014). There
is a significant postpubertal male bias in the incidence of TB
(Guerra-Silveira and Abad-Franch, 2013). Meanwhile, although
the serum complement C1q concentrations do not differ between
healthy females and males, the activity of the complement
classical pathway and the circulating complement Clq level
are significantly higher in the elderly population (Gaya da
Costa et al, 2018; Hasegawa et al., 2019). However, few
studies have examined the influencing factors of pleural soluble

mediators for TPE diagnosis, especially in correlation with
age and gender (Abrao et al, 2014; Jiang et al, 2020). Our
results revealed that the concentration of PF Clq did not
differ between younger and older patients or between male
and female patients. Compared with in the older group, the
AUC of PF Clq in the younger group was significantly higher,
but there was no statistical difference between male group
and female group. Meanwhile, no significant differences in
the level of ADA were found among the age or gender
subgroups. At present, to our knowledge, this study is the
first to investigate the diagnostic efficacy of PF Clq level in
differentiating TPE from non-TPE according to patients’ age
and gender.

For PF Clq in younger patients, our data also discerned a
PLR value of 12.4, indicating that the probability of positive
Clq in TPE patients was 12.4-fold higher than that in non-
TPE patients, which is sufficiently high enough for diagnosis.
Moreover, an NLR value of 0.05 suggested that, if the C1q result
is negative, the probability of the patient be confirmed to have
TPE was 5%, which was an acceptable value for ruling out
TPE. The high PPV (97.4) and high NPV (85.7) of Clq found
in this study further indicate that both the false-negative and
false-positive rates were low.

There are some restrictions in this research. First, the numbers
of participants enrolled in this study were relatively small,
especially those who were eligible for inclusion in the younger
non-TPE group, the older TPE group, and the female group.
According to epidemiology, the incidence of non-TPE in younger
patients and the incidence of female pleural effusion are relatively
low, and a small sample size may be influenced by selection
bias. Second, most of the MPE cases analyzed in our study were
derived from lung adenocarcinoma, and non-TPE cases caused
by autoimmune diseases were rare. We aim to pursue the analysis
of pleural effusion caused by other types of malignant and benign
diseases and confirm the mechanism related to PF Clq in our
further studies.

In conclusion, our present data indicated that the level of
PF Clq was increased in TPE patients compared with non-
TPE patients. Both of the sensitivity and specificity of PF Clq
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were high, suggesting that it can be used as an indicator for
differentiating TPE and non-TPE, especially in younger patients.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committees of Beijing Chao-yang
Hospital, Capital Medical University. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

XQ, M-MS, and F-SY designed and conducted most of the
experiments, did patient recruitment and assessment, collected
information, and analyzed the relevant data. H-ZS and F-SY

REFERENCES

Abrao, F. C. 1, de Abreu, R., Miyake, D. H., Busico, M. A., and Younes, R. N. (2014).
Role of adenosine deaminase and the influence of age on the diagnosis of pleural
tuberculosis. Int. J. Tuberc. Lung Dis. 18, 1363-1369. doi: 10.5588/ijtld.14.0257

Allen, J. C., and Apicella, M. A. (1968). Experimental pleural effusion as a
manifestation of delayed hypersensitivity to tuberculin PPD. J. Immunol. 101,
481-487.

Amer, S., Hefnawy, A. E., Wahab, N. A, Okasha, H., and Baz, A. (2016). Evaluation
of different laboratory methods for rapid diagnosis of tuberculous pleurisy. Int.
J. Mycobacteriol. 5, 437-445. doi: 10.1016/j.ijmyc0.2016.07.001

Antonangelo, L., Faria, C. S., and Sales, R. K. (2019). Tuberculous pleural effusion:
diagnosis & management. Expert. Rev. Respir. Med. 13, 747-759. doi: 10.1080/
17476348.2019.1637737

Baumann, M. H., Nolan, R., Petrini, M., Lee, Y. C,, Light, R. W., and Schneider, E.
(2007). Pleural tuberculosis in the United States: incidence and drug resistance.
Chest 131, 1125-1132. doi: 10.1378/chest.06-2352

Bruiners, N., and Schurz, H. (2020). A regulatory variant in the C1Q gene cluster
is associated with tuberculosis susceptibility and ClqA plasma levels in a
South African population. Immunogenetics 72, 305-314. doi: 10.1007/s00251-
020-01167-5

Cai, Y., Yang, Q., Tang, Y., Zhang, M., Liu, H., Zhang, G., et al. (2014). Increased
complement Clq level marks active disease in human tuberculosis. PLoS One
9:€92340. doi: 10.1371/journal.pone.0092340

Carlucci, P., Trigiani, M., Mori, P. A., Mondoni, M., Pinelli, V., Casalini, A. G.,
etal. (2019). Competence in pleural procedures. Panminerva. Med. 61, 326-343.
doi: 10.23736/S0031-0808.18.03564-4

Chakrabarti, B., and Davies, P. D. (2006). Pleural tuberculosis. Monaldi. Arch. Chest
Dis. 65, 26-33. doi: 10.4081/monaldi.2006.582

Conigliaro, P., Triggianese, P., Ballanti, E., Perricone, C., Perricone, R., and
Chimenti, M. S. (2019). Complement, infection, and autoimmunity. Curr. Opin.
Rheumatol. 31, 532-541. doi: 10.1097/BOR.0000000000000633

Dijkman, K., Lubbers, R., Borggreven, N. V., Ottenhoff, T. H. M., Joosten, S. A.,
Trouw, L. A, et al. (2020). Systemic and pulmonary Clq as biomarker of
progressive disease in experimental non-human primate tuberculosis. Sci. Rep.
10:6290. doi: 10.1038/s41598-020-63041-4

conceived the idea, guided the study, and critically revised the
manuscript to ensure the integrity of this research. All authors
read, critically revised, and approved the final manuscript.

FUNDING

This work was supported in part by grants from Beijing
Municipal Administration of Hospitals Mission Plan (No.
SML20150301) and the Support Project of High-Level Teachers
in Beijing Municipal Universities in the Period of 13th Five-year
Plan (IDHT20190510).

ACKNOWLEDGMENTS

We thank LetPub (www.letpub.com) for its linguistic assistance
during the preparation of this manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmicb.
2021.765471/full#supplementary- material

Ferguson, J. S., Weis, J. J., Martin, J. L., and Schlesinger, L. S. (2004). Complement
protein C3 binding to Mycobacterium tuberculosis is initiated by the classical
pathway in human bronchoalveolar lavage fluid. Infect. Immun. 72, 2564-2573.
doi: 10.1128/1AL.72.5.2564-2573.2004

Gaya da Costa, M., Poppelaars, F., vanKooten, C., Mollnes, T. E., Tedesco, F.,
Wurzner, R, et al. (2018). Age and sex-associated changes of complement
activity and complement levels in a healthy caucasian population. Front.
Immunol. 9:2664. doi: 10.3389/fimmu.2018.02664

Giefing-Kréll, C., Berger, P., Lepperdinger, G., and Grubeck-Loebenstein, B.
(2015). How sex and age affect immune responses, susceptibility to infections,
and response to vaccination. Aging Cell 14, 309-321. doi: 10.1111/acel.12326

Guerra-Silveira, F., and Abad-Franch, F. (2013). Sex bias in infectious disease
epidemiology: patterns and processes. PLoS One 8:¢62390. doi: 10.1371/journal.
pone.0062390

Hanley, J. A., and McNeil, B. J. (1982). The meaning and use of the area under
a receiver operating characteristic (ROC) curve. Radiology 143, 29-36. doi:
10.1148/radiology.143.1.7063747

Hasegawa, N, Fujie, S., Horii, N., Uchida, M., Toyama, Y., Inoue, K., et al. (2019).
Aging-induced elevation in circulating complement C1q level is associated with
arterial stiffness. Exp. Gerontol. 124:110650. doi: 10.1016/j.exger.2019.110650

Jiang, C. G., Wang, W., Zhou, Q., Wu, X. Z, Wang, X. ], Wang, Z,, et al.
(2020). Influence of age on the diagnostic accuracy of soluble biomarkers for
tuberculous pleural effusion: a post hoc analysis. BMC Pulmon. Med. 20:178.
doi: 10.1186/s12890-020-01219-2

Kang, W., Yu, J., Du, ], Yang, S., Chen, H., Liu, J., et al. (2020). The epidemiology of
extrapulmonary tuberculosis in China: A large-scale multi-center observational
study. PLoS One 15:€0237753. doi: 10.1371/journal.pone.0237753

Leibowitz, S., Kennedy, L., and Lessof, M. H. (1973). The tuberculin reaction in the
pleural cavity and its suppression by antilymphocyte serum. Br. J. Exp. Pathol.
54,152-162.

Lubbers, R., Sutherland, J. S., Goletti, D., de Paus, R. A., van Moorsel, C. H. M.,
Veltkamp, M., et al. (2018). Complement component clq as serum biomarker
to detect active tuberculosis. Front. Immunol. 9:2427. doi: 10.3389/fimmu.2018.
02427

Luo, L, Li, X, Hu, X,, Hu, C,, Tang, W., Deng, S., et al. (2019). Anaphylatoxins
Enhance recruitment of nonclassical monocytes via chemokines produced by

Frontiers in Microbiology | www.frontiersin.org

November 2021 | Volume 12 | Article 765471


http://www.letpub.com
https://www.frontiersin.org/articles/10.3389/fmicb.2021.765471/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2021.765471/full#supplementary-material
https://doi.org/10.5588/ijtld.14.0257
https://doi.org/10.1016/j.ijmyco.2016.07.001
https://doi.org/10.1080/17476348.2019.1637737
https://doi.org/10.1080/17476348.2019.1637737
https://doi.org/10.1378/chest.06-2352
https://doi.org/10.1007/s00251-020-01167-5
https://doi.org/10.1007/s00251-020-01167-5
https://doi.org/10.1371/journal.pone.0092340
https://doi.org/10.23736/S0031-0808.18.03564-4
https://doi.org/10.4081/monaldi.2006.582
https://doi.org/10.1097/BOR.0000000000000633
https://doi.org/10.1038/s41598-020-63041-4
https://doi.org/10.1128/IAI.72.5.2564-2573.2004
https://doi.org/10.3389/fimmu.2018.02664
https://doi.org/10.1111/acel.12326
https://doi.org/10.1371/journal.pone.0062390
https://doi.org/10.1371/journal.pone.0062390
https://doi.org/10.1148/radiology.143.1.7063747
https://doi.org/10.1148/radiology.143.1.7063747
https://doi.org/10.1016/j.exger.2019.110650
https://doi.org/10.1186/s12890-020-01219-2
https://doi.org/10.1371/journal.pone.0237753
https://doi.org/10.3389/fimmu.2018.02427
https://doi.org/10.3389/fimmu.2018.02427
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles

Qiao et al.

C1q Diagnose Tuberculous Pleural Effusion

pleural mesothelial cells in tuberculous pleural effusion. Am. J. Respir. Cell Mol.
Biol. 60, 454-464. doi: 10.1165/rcmb.2018-00750C

Markle, J. G., and Fish, E. N. (2014). SeXX matters in immunity. Trends Immunol.
35,97-104. doi: 10.1016/j.it.2013.10.006

Pang, Y., An, J., Shu, W., Huo, F., Chu, N., Gao, M., et al. (2019). Epidemiology
of Extrapulmonary Tuberculosis among Inpatients. China, 2008-2017. Emerg.
Infect. Dis. 25, 457-464. doi: 10.3201/eid2503.180572

Pawelec, G. (2006). Immunity and ageing in man. Exp. Gerontol. 41, 1239-1242.
doi: 10.1016/j.exger.2006.09.005

Peto, H. M., Pratt, R. H., Harrington, T. A., LoBue, P. A., and Armstrong, L. R.
(2009). Epidemiology of extrapulmonary tuberculosis in the United States,
1993-2006. Clin. Infect. Dis. 49, 1350-1357. doi: 10.1086/605559

Porcel, J. M. (2016). Advances in the diagnosis of tuberculous pleuritis. Ann. Transl.
Med. 4:282. doi: 10.21037/atm.2016.07.23

Shim, K., Begum, R,, Yang, C., and Wang, H. (2020). Complement activation in
obesity, insulin resistance, and type 2 diabetes mellitus. World J. Diab. 11, 1-12.
doi: 10.4239/wjd.v11.il.1

Wang, W., Zhou, Q., Zhai, K., Wang, Y., Liu, J. Y., Wang, X. J., et al. (2018).
Diagnostic accuracy of interleukin 27 for tuberculous pleural effusion: two
prospective studies and one meta-analysis. Thorax 73, 240-247. doi: 10.1136/
thoraxjnl-2016-209718

Wang, X. J., Yang, Y., Wang, Z., Xu, L. L., Wu, Y. B,, Zhang, J., et al. (2015).
Efficacy and safety of diagnostic thoracoscopy in undiagnosed pleural effusions.
Respiration 90, 251-255. doi: 10.1159/000435962

West, E. E., Kolev, M., and Kemper, C. (2018). Complement and the Regulation
of T Cell Responses. Annu. Rev. Immunol. 36, 309-338. doi: 10.1146/annurev-
immunol-042617-053245

WHO (2020). Global Tuberculosis Report 2020. Geneva: WHO.

Zhai, K., Lu, Y., and Shi, H. Z. (2016). Tuberculous pleural effusion. J. Thorac. Dis.
8, E486-E494. doi: 10.21037/jtd.2016.05.87

Zhang, M., Li, D, Hu, Z. D., and Huang, Y. L. (2020). The diagnostic utility
of pleural markers for tuberculosis pleural effusion. Ann. Transl. Med. 8:607.
doi: 10.21037/atm.2019.09.110

Zweig, M. H., and Campbell, G. (1993). Receiver-operating
characteristic (ROC) plots: a fundamental evaluation tool in clinical
medicine. Clin. Chem. 39, 561-577. doi:  10.1093/clinchem/39.
4.561

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Qiao, Shao, Yi and Shi. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Microbiology | www.frontiersin.org

November 2021 | Volume 12 | Article 765471


https://doi.org/10.1165/rcmb.2018-0075OC
https://doi.org/10.1016/j.it.2013.10.006
https://doi.org/10.3201/eid2503.180572
https://doi.org/10.1016/j.exger.2006.09.005
https://doi.org/10.1086/605559
https://doi.org/10.21037/atm.2016.07.23
https://doi.org/10.4239/wjd.v11.i1.1
https://doi.org/10.1136/thoraxjnl-2016-209718
https://doi.org/10.1136/thoraxjnl-2016-209718
https://doi.org/10.1159/000435962
https://doi.org/10.1146/annurev-immunol-042617-053245
https://doi.org/10.1146/annurev-immunol-042617-053245
https://doi.org/10.21037/jtd.2016.05.87
https://doi.org/10.21037/atm.2019.09.110
https://doi.org/10.1093/clinchem/39.4.561
https://doi.org/10.1093/clinchem/39.4.561
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles

	Complement Component C1q as an Emerging Biomarker for the Diagnosis of Tuberculous Pleural Effusion
	Summary at a Glance
	Introduction
	Materials and Methods
	Study Populations and Sample Collection
	Concentration Determination of C1q Protein
	Statistical Analysis

	Results
	Clinical and Demographic Characteristics of Patients With Pleural Effusion
	Concentrations of C1q and as Adenosine Deaminase in Pleural Fluid
	Diagnostic Values of Pleural Fluid C1q and as Adenosine Deaminase

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


