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Abstract 

Inflammation is a tightly coordinated response against bacterial and viral infections, 

triggered by the production of pro-inflammatory cytokines. SARS-CoV-2 infection 

induces COVID-19 disease, characterized by an inflammatory response mediated 

through the activation of the NLRP3 inflammasome, which results in the production of 

IL-1b and IL-18 along with pyroptotic cell death. The NLRP3 inflammasome could be 

also triggered by sterile danger signals such as extracellular ATP triggering the 

purinergic P2X7 receptor. Severe inflammation in the lungs of SARS-CoV-2 infected 

individuals is associated with pneumonia, hypoxia and acute respiratory distress 

syndrome, these being the causes of death associated with COVID-19. Both the P2X7 

receptor and NLRP3 have been considered as potential pharmacological targets for 

treating inflammation in COVID-19.  However, there is no experimental evidence of the 

involvement of the P2X7 receptor during COVID-19 disease. In the present study we 

determined the concentration of different cytokines and the P2X7 receptor in the plasma 

of COVID-19 patients and found that along with the increase in IL-6, IL-18 and the IL-1 

receptor antagonist in the plasma of COVID-19 patients, there was also an increase in 

the purinergic P2X7 receptor. Increase in COVID-19 severity and C-reactive protein 

concentration positively correlated with increased concentration of the P2X7 receptor in 

the plasma, but not with IL-18 cytokine. The P2X7 receptor was found in the supernatant 

of human peripheral blood mononuclear cells after inflammasome activation. Therefore, 

our data suggest that determining levels of the P2X7 receptor in the plasma could be a 

novel biomarker of COVID-19 severity. 
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Introduction  

Coronavirus disease 2019 (COVID-19) develops after infection with the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) and, according to the Johns Hopkins 

University COVID-19 dashboard, as of 10 February 2022 there have been over 400 

million infections and 5.7 million deaths worldwide (coronavirus.jhu.edu/map.html). 

SARS-CoV-2 primarily infects cells in the respiratory tract and causes different degrees 

of symptomatology, with the severe cases developing into pneumonia with hypoxia and 

acute respiratory distress syndrome (ARDS) [1]. The lungs of COVID-19 patients with 

ARDS show considerable infiltration of neutrophils and monocytes and an increase in 

the concentration of several pro-inflammatory cytokines in the blood [1–6]. The 

nucleotide-binding oligomerization domain, leucine rich repeat and pyrin domain 

containing-protein 3 (NLRP3) inflammasome controls the release of bioactive interleukin 

(IL)-1b and IL-18 cytokines by activating caspase-1 and inducing pyroptosis cell death 

[7,8]. Caspase-1 also cleaves gasdermin D (GSDMD) that induces pores in the plasma 

membrane allowing the release of IL-1b and IL-18 [7,9,10]. The NLRP3 inflammasome 

is activated by different signals, including triggering of the P2X7 receptor by extracellular 

ATP, the phagocytosis of particulate matter and infection with specific viruses or bacteria 

[11–13]. The SARS-CoV-2 virus activates NLRP3 [14–18], and this inflammasome has 

been implicated in the production of pro-inflammatory cytokines in severe cases of 

COVID-19 and is thus directly associated with the severity of ARDS [15,19,20]. A clinical 

trial in COVID-19 patients with anakinra (the recombinant IL-1 receptor antagonist) has 

found that it decreases the severity of the respiratory failure by reducing the inflammatory 

response [21]. Mechanistically, the SARS-CoV-2 viroporin encoded by ORF3a triggers 

cellular K+ efflux and activates NLRP3 [22], with decreased intracellular K+ being a well-

known activator of the NLRP3 inflammasome [23]. Also, the SARS-CoV-2 N protein and 

the ORF8 encoded protein are able to interact with NLRP3 and induce its activation 

[24,25]. On one hand, during SARS-CoV-2 infection there is a reprogramming of the host 

macrophages, which means that they can be primed for the NLRP3 inflammasome by 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 14, 2022. ; https://doi.org/10.1101/2022.03.04.483019doi: bioRxiv preprint 

https://doi.org/10.1101/2022.03.04.483019
http://creativecommons.org/licenses/by-nc-nd/4.0/


 4 

the virus spike (S) protein [26]. On the other hand, the SARS-CoV-2 virus blocks the 

inflammasome pathway at different levels; for example, the envelope (E) protein impairs 

NLRP3 priming [27], the non-structural proteins 1 and 13 suppress the activation of the 

NLRP3 inflammasome [28] and the N protein cleaves GSDMD within the N-terminal lytic 

domain, thus inactivating pyroptosis [29]. Therefore, there is a fine balance between 

positive and negative routes during NLRP3 inflammasome activation in cases of SARS-

CoV-2 infection. Different review studies also suggest that the P2X7 receptor could be 

an important molecular pathway activated during COVID-19 disease, partly due to the 

activation of the NLRP3 inflammasome [30,31]. Activation of P2X7 also leads to the 

cellular shedding of this receptor [32] and, during different inflammatory diseases, an 

increase in the concentration of a soluble form of the receptor in the plasma [32–34]. 

However, in SARS-CoV-2 infection there is no experimental evidence regarding the 

potential involvement of P2X7 receptor. 

In the present study, we have found that during active COVID-19 disease there are 

elevated concentrations in the plasma of IL-18, the IL-1 receptor antagonist (IL-1Ra), 

and a soluble form of the purinergic P2X7 receptor. IL-1Ra and the P2X7 receptor both 

increased with the severity of COVID-19 symptoms, but only the P2X7 receptor 

correlated with CRP concentration in the plasma of COVID-19 patients.  
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Results 

Plasma samples were collected from a cohort of 208 individuals with confirmed SARS-

CoV-2 infection and different degrees of COVID-19 disease gravity between September 

2020 and March 2021 in the Region of Murcia in the southeast of Spain (Table 1). The 

largest group among these individuals were those with moderate COVID-19 symptoms 

(N= 128), followed by those with mild symptoms (N= 41) and those with severe 

symptoms (N= 39). The control cohort used samples that had been collected during the 

period 2016-2019 (pre-COVID-19 pandemic) also in the Region of Murcia in the 

southeast of Spain. These samples were gathered from 69 individuals without SARS-

CoV-2 infection and without inflammatory or infection symptoms (Table 1). The level of 

the acute phase C-reactive protein (CRP) was above the standard threshold in the 

plasma of 90.9% of the patients infected with SARS-CoV-2 (Fig. 1A). However, 

procalcitonin (PCT) was above the standard healthy threshold in only 10.6% of the 

COVID-19 patients (Fig. 1A), whereas ferritin was above the standard healthy threshold 

in 71.2% of the COVID-19 patients (taking into account male and female thresholds, Fig. 

1A). As expected, IL-6 cytokine was also elevated in the plasma of patients infected with 

SARS-CoV-2 when compared to healthy control individuals (Fig. 1B); and IL-15, IL-1RA 

and IL-18 were also elevated (Fig. 1B), a finding that is in line with previous publications 

[3,16]. However, other cytokines or chemokines, such as CCL2/MCP-1 and IL-2, were 

not elevated in the plasma of the cohort of SARS-CoV-2 infected patients when 

compared to healthy individuals (Fig. 1C). Increases in these have been associated with 

mortality only in COVID-19 patients [3], and our cohort confirms that CCL2/MCP-1 was 

also significantly increased in the COVID-19 patients who die (237.4±12.4 vs. 

421.9±59.0 pg/ml CCL2 mean±sem in COVID-19 survival vs. exitus; p= 0.018 Mann-

Whitney test). However, values for IL-2 failed to associate with COVID-19 mortality (not 

shown), and this could probably due because IL-2 concentration was very low, close to 

detection threshold. 
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The presence of the soluble P2X7 receptor was significantly increased in the plasma of 

SARS-CoV-2 patients when compared to healthy individuals (Fig. 1E). However, other 

markers of pyroptosis (HMGB1, ASC and GSDMD) were not elevated in the plasma of 

SARS-CoV-2 infected patients when compared to healthy individuals (Fig. 1E). Of 

particular note is that only 27.5% of healthy individuals and 25% of COVID-19 patients 

presented a positive detection of GSDMD in the plasma, suggesting that GSDMD was 

under the detection threshold in the majority of individuals and irrespective of the 

infection. Similarly, HMGB1 was detected in only 58% of healthy donors and in 74% of 

COVID-19 patients. Detection rates of all the other identified proteins were very similar 

among healthy donors and COVID-19 patients, with a detection range above 80% of the 

samples analysed. 

The concentration of CRP in the plasma of COVID-19 patients significantly increased in 

line with the categories of illness severity (Fig. 2A). Illness severity categories were 

defined as mild, moderate and severe/critical in line with the clinical spectrum of SARS-

CoV-2 infection defined in the latest COVID-19 treatment guidelines published by the 

National Institute of Health. A total of 41 mild, 128 moderate and 39 severe COVID-19 

cases were identified (Table 1). However, PCT was significantly elevated in only the 

severe COVID-19 group (Fig. 2A) and ferritin was increased in the mild and severe 

groups (Fig. 2A). 

The P2X7 receptor and IL-1RA were significantly increased in the plasma of COVID-19 

patients across all severity groups when compared to healthy controls (Fig. 2B). IL-6 

and IL-15 were not increased in the mild COVID-19 group, but were significantly elevated 

in the moderate and severe groups (Fig. 2C). IL-18 was significantly increased only in 

moderate COVID-19 patients (Fig. 2C). The increase in the P2X7 receptor in the plasma 

of COVID-19 patients was higher in the 60 to 80 year-old group (Fig. 2D) and in COVID-

19 patients with diabetes or dyslipidaemia (Fig. 2E). However, P2X7 receptor 

concentration in the plasma was not affected in COVID-19 patients with hypothyroidism, 

asthma or hypertension (Fig. 2E). Furthermore, P2X7 receptor was significantly 
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increased in the plasma of COVID-19 severe patients who had a poor outcome (death 

or prolonged intensive care unit stay) (Fig. 2F) and a multivariate logistic regression 

analysis showed that an increase of the concentration of soluble P2X7 is associated with 

severe COVID-19 symptoms (OR = 1.04; [95% CI: 1.013 – 1.060]; p= 0.002). This 

multivariate analysis also revealed that patients affected by asthma increases 4.4 times 

of having severe COVID-19 (OR = 4.4; [95% CI: 1.575 – 12.186]; p= 0.005) or age 

increases 4.2 times of having severe COVID-19 (OR = 4.2; [95% CI: 1.597 – 11.139]; p= 

0.004). 

The amount of soluble P2X7 receptor and the concentration of the cytokines IL-6 and IL-

15 positively correlated with the amount of CRP in the plasma (Fig. 3A,B). The positive 

correlation between the P2X7 receptor and CRP increased in the moderate and severe 

COVID-19 groups, but in contrast, the positive IL-6 and IL-15 correlation with CRP 

decreased in these groups (Fig. 3C). Neither IL-1RA nor IL-18 cytokines correlated with 

CRP when all COVID-19 patients were analysed (Fig. 3A,B) or when the moderate and 

severe groups were separated (not shown). Although CRP also positively correlated with 

ferritin concentration (Fig. 3D), ferritin had a weaker correlation with the P2X7 receptor 

and no correlation with IL-18 (Fig. 3D). However, the soluble P2X7 receptor positively 

correlated with the different cytokines analysed, the best correlation being when the 

presence of IL-18 increased in the plasma (Fig. 3E). This suggests that soluble P2X7 

receptor increases with the severity of COVID-19 illness. 

P2X7 receptor release has been observed in human macrophages after treatment with 

the semi-selective P2X7 receptor agonist benzoyl ATP [32]; we therefore asked if ATP 

treatment of human peripheral blood mononuclear cells (PBMCs) would also result in 

the shedding of the P2X7 receptor. Our results showed that ATP was able to increase 

the concentration of the P2X7 receptor found in the supernatant of LPS-treated PBMCs 

(Fig. 4). This LPS and ATP treatment also induces the activation of the NLRP3 

inflammasome [11], as was evidenced by the release of IL-1b (Fig. 4). Furthermore, the 

P2X7 receptor and IL-1b were also released after the activation of a P2X7 receptor 
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independent inflammasome, such as the Pyrin inflammasome (Fig. 4). The Pyrin 

inflammasome is activated by toxins that block RhoA GTPase, such as Clostridium 

difficile enterotoxin B (TcdB). RhoA blockage leads to the dephosphorylation of Pyrin 

and liberates it from the inhibitory 14-3-3 protein, which in turn leads to the activation of 

the Pyrin inflammasome [35]. These results support the notion that inflammasome-

dependent caspase-1 activation is linked to the shedding of the P2X7 receptor from 

human blood cells, and given the inflammasome is activated during COVID-19 infection 

[14–16,18,20,26], this could be the cause of the elevated levels of P2X7 receptor in the 

plasma of these patients. 
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Discussion 

Severe COVID-19 symptoms are related to an exacerbated inflammatory response 

mediated by the production of several pro-inflammatory cytokines [1,3]. In the present 

study, we corroborate in a cohort of COVID-19 patients from the southeast of Spain an 

elevated concentration of the cytokines IL-6, IL-15, IL-18 and IL-1RA. Together with 

these cytokines, we found that levels of the purinergic receptor P2X7 also increase in 

the plasma of symptomatic COVID-19 patients, that these levels increase as the severity 

of the disease increases and that they correlate with the levels of the acute phase protein 

CRP, different cytokines and poor outcome. However, our cohort present a relatively low 

morality and association of the concentration of P2X7 receptor in the plasma with 

mortality would require further validation in larger cohorts. The activation of the P2X7 

receptor leads to the activation of the NLRP3 inflammasome, the release of the IL-1b 

and IL-18 cytokines [11,13], and the shedding of the P2X7 receptor in microparticles 

[32]. Soluble P2X7 receptor found in cell supernatants is therefore associated with 

extracellular vesicles [32], and is therefore expected to be similar to the cellular plasma-

membrane bound receptor. However, there is no data on the potential function of this 

shed form of the P2X7 receptor in extracellular vesicles, although circulatory exosomes 

from COVID-19 patients are able to activate the NLRP3 inflammasome [36]. In the 

present study, we show that human peripheral blood mononuclear cells release the 

P2X7 receptor when treated with ATP. This suggests that potential NLRP3 

inflammasome activation and subsequent pyroptosis could be partially responsible for 

the release of microparticles loaded with P2X7 receptor, because the endosomal sorting 

complexes required for transport (ESCRT) machinery induces the shedding of GSDMD-

damaged membranes [7,37]. In support of this hypothesis, we also describe in this study 

how the activation of the Pyrin inflammasome by TcdB and the subsequent pyroptosis 

(which is independent of the P2X7 receptor) also leads to the release of the P2X7 

receptor. Increased concentrations of soluble P2X7 receptor in the blood have been 

described as positively correlating with the concentration of CRP [32,34], with the soluble 
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P2X7 receptor being elevated during infection and sepsis [32,33], and during temporal 

lobe epilepsy [34]. Our results agree with those previous studies, and describe how 

infection with SARS-CoV-2 also increases the soluble P2X7 receptor in the plasma, 

which positively correlates with CRP concentration. In fact, recent studies have reported 

the activation of the inflammasome during SARS-CoV-2 infection and relate it to the 

severity of the COVID-19 infection [18]. All this evidence suggests that detecting the 

P2X7 receptor could be a promising novel blood-biomarker for inflammatory processes 

and help diagnose and determine the severity of COVID-19. The increase in the P2X7 

receptor in the plasma of COVID-19 patients was higher in those with diabetes and 

dyslipidaemia, which in turn associates the P2X7 receptor with metabolic diseases 

[38,39]. In addition, targeting the P2X7 receptor with drug-like pharmacological 

antagonists has been suggested as a promising strategy for treating severe-

inflammatory and neurological complications in COVID-19 patients [30,40]. 

The concentration of IL-6 has been clinically used to evaluate the severity of COVID-19 

[3]. Also, IL-6 has been used as a therapeutic target, and IL-6 blocking antibodies have 

been widely used to treat COVID-19 patients [41]. IL-6 is a cytokine produced 

downstream from IL-1b, whereas IL-1RA is a cytokine that blocks IL-1 signalling as it 

binds to the type I IL-1 receptor and prevents IL-1 from triggering its receptor [42]. In 

diseases satisfactorily treated with anti-IL-1 therapy, such as sepsis or autoinflammatory 

syndromes, the blood concentrations of IL-1b are very low and usually not detected 

[33,43]. According to previous publications and despite the evidence of inflammasome 

activation during COVID-19, IL-1b has not been detected in the blood samples of COVID-

19 patients [5,16]. In this regard, detecting IL-1RA has been proposed as a systemic 

indicator of IL-1b production, and our study, in agreement with previous studyies [4,16], 

shows an important increase in IL-1RA in the plasma of COVID-19 patients. These 

results suggest that there is potential production of IL-1b during COVID-19 infection [6].  
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While the axes IL-1b/IL-6 link to CRP production in bacterial infections, IL-18 production 

links to transferrin in viral infection [44]. However, in the plasma of SARS-CoV-2 infected 

patients we found increased levels of both axes, IL-6/CRP and IL-18/ferritin; however, 

although IL-6 positively correlated with CRP, IL-18 failed to correlated with ferritin in 

COVID-19 patients. P2X7 correlated with CRP, a finding supported by previous studies 

[32,34], but not with ferritin, denoting that the shedding of the P2X7 receptor is somehow 

related to the IL-6/CRP inflammatory programme in both bacterial [45] and SARS-CoV-

2 viral (this study) infections. 

In conclusion, our study shows that the soluble P2X7 receptor concentration increases 

in the plasma of COVID-19 and positively correlates with disease severity and CRP 

protein concentration. This correlation was not found for IL-18 or other cytokines, 

although these were found to increase in the plasma of COVID-19 patients. Furthermore, 

the P2X7 receptor was released from human PBMCs upon inflammasome activation, 

suggesting that the P2X7 receptor could be a novel blood biomarker for COVID-19 

severity with poor outcome.  
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Material and methods 

Human samples 

Samples and data from patients included in this study, who gave written informed 

consent, were collected, processed and provided by the Biobanco en Red de la Región 

de Murcia, BIOBANC-MUR, were registered on the Registro Nacional de Biobancos with 

registration number B.0000859, and were processed following standard operating 

procedures with the appropriate approval of the Ethical Committees (2021-5-10-

HCUVA). The study included 208 recovered individuals who had previously given 

positive RT-PCR tests, positive serology, and/or positive rapid antigen tests for SARS-

CoV-2. The plasma samples were collected in the days following hospital admission or 

diagnosis of SARS-CoV-2 infection. For research purposes across studies, patients with 

COVID-19 were divided according the clinical spectrum of SARS-CoV-2 infection into 

three categories of disease severity, namely  mild, moderate and severe/critical, as 

described in the latest National Institute of Health COVID-19 treatment guidelines 

(www.covid19treatmentguidelines.nih.gov, accessed 11/25/2021). Mild illness is 

attributed to hospitalized patients who have any of the various symptoms associated to 

COVID-19 (such as headache, nausea, sore throat, fever, cough, loss of taste and smell, 

malaise or muscle pain) but who have no shortness of breath, dyspnea, oxygen 

supplementation or abnormal chest imaging. Moderate illness is attributed to 

hospitalized patients who show evidence of lower respiratory disease during clinical 

assessment or chest radiograph and who have an oxygen saturation (SpO2) ≥94% on 

room air at sea level requiring, in some cases, oxygen therapy. Severe/critical illness is 

attributed to hospitalized patients in the Critical Care Unit who have SpO2 <94% on room 

air at sea level, a respiratory rate > 24 breaths/min, highest level of supplemental oxygen 

required, bilateral infiltrates, and, individuals who die from respiratory failure caused by 

COVID-19 disease, septic shock and/or organ dysfunction. The degree of oxygen 

supplementation increases depending on the severity of the disease, although the 

oxygen needs vary depending on the degree of hypoxia in each patient. The negative 
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control group consisted of 69 healthy blood donors from whom plasma samples were 

collected before the COVID-19 pandemic, meaning that they were free of COVID-19. 

Sera were stored at -80ºC until use. Mononuclear cells from healthy donors were purified 

after the donors had signed their informed consent agreement and whole peripheral 

blood samples were collected (n=3). 

 

Reagents 

The different reagents used in this assay and their sources were: ultrapure Escherichia 

coli lipopolysaccharide (LPS) serotype 0111:B4 (InvivoGen), Adenosine 5’-triphosphate 

(ATP) from Sigma-Aldrich and Clostridium difficile toxin B (TcdB) from Enzo Life 

Sciences.  

 

PBMCs stimulation 

Human peripheral blood mononuclear cells were collected using Ficoll Histopaque-1077 

(Sigma-Aldrich) and cultured in Opti-MEM Reduced Serum Media (Invitrogen). PBMCs 

from patients were left unstimulated or stimulated with 1.6 μg/ml of LPS at 37 ºC and 

then subsequently stimulated with ATP 5 mM for 45 min or TcdB 1 μg/ml for 1h.  

 

ELISA 

Individual culture cell-free supernatants were collected and clarified by centrifugation. 

The concentration of human soluble P2X7 was tested by ELISA following the 

manufacturer’s instructions (Cusabio). Plasma levels of human ASC, HMGB1, GSDMD 

and P2X7 were also tested by ELISA (Cusabio for ASC and P2X7, Aviva System Biology 

for GSDMD and Arigo Biolaboratories for HMGB1). Results were read in a Synergy Mx 

(BioTek) plate reader at 450 nm and corrected at 540 nm.  
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Multiplex 

Multiplexing in human serum for IL-15, IL-18, MCP-1, IL-2, IL-6 and IL-1RA was 

performed using the Luminex color-coded antibody-immobilized beads from Merck 

Millipore following the manufacture’s indications, and the results were analysed in a 

Luminex MAGPIX instrument (Luminex Corporation).  

 

Statistics and data analysis 

Statistical analyses were performed using GraphPad Prism 9 (GraphPad Software Inc.). 

Normality of the samples was determined using the D’Agostino and Pearson omnibus 

K2 normality test. Outliers from data sets were identified by the ROUT method with Q = 

1% and were eliminated from the analysis and representation. Non-parametric Mann-

Whitney test was used to compare differences among two non-paired groups, and 

Kruskal-Wallis test was used to compare differences between three or more groups. The 

χ2-test was used to determine whether there was a significant difference between clinical 

variables among groups of patients. Non-parametric correlations were made according 

to the Spearman correlation coefficient. All data are shown as mean values and error 

bars represent standard error. To identify risk factors associated with SARS-CoV-2 

severity multivariable analysis was done with SPSS software version 23 (SPSS Inc., 

Chicago, IL, USA). Age (groups of 20-60 and 60-95 years old), hypothyroidism, asthma, 

hypertension, diabetes and dyslipidaemia were reported as categorical variables and the 

concentration of soluble P2X7 receptor in the plasma was reported as continuous 

variable. We performed a multivariable logistic regression with those variables which 

significant difference compared using the χ2-test, being the dependent variable the 

SARS-CoV-2 severity (mild and moderate, vs severe). R2 Cox coefficient was used to 

assess the proportion of variation explained by the variables studied. For this context, a 

R2 Cox coefficient of 0 explain that there is no relationship between the variables and 
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the variability in the data and, whereas a R2 Cox coefficient of 1 suggest that the variables 

in the regression explain 100 % of the variability in the data.  
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Table 1. Demographic and clinical characteristics of the individuals included in 

this study 

 
  Healthy 

donors                                   
Total 

COVID-19 
Mild  

COVID-19                                                            
Moderate 
COVID-19                                                                                                      

Severe 
COVID-19                                                  

  N  69 208 41 128 39 

  Age, mean (range) ± SD 48.26 (20-
94) ± 18.44 

64.31 (20-92) 
± 15.56 

72.86 (42-
89) ± 14.16 

61.20 (25-
91) ± 14.16 

71.49 (20-
92) ± 17.07 

  
p value   

 
p< 0.0001 vs 

healthy donors 
      

  Gender, N (%)           
  Male 33 (47.8%) 88 (42.3%) 24 (58.5%) 71 (55.5%) 25 (64.1 %) 
  Female 36 (52.2%) 120 (57.7%) 17 (41.5%)  57 (44.5%) 14 (35.9 %) 

  
p value   

 
p> 0.05 vs 

healthy donors 
      

  Clinical data           

  
Patients with available 
clinical data (%)   89.9 80.5 92.9 89.7 

  

Days of hospitalization, 
mean (range) ± SD   8.123 (1-133) 

± 11.07 
3.78 (1-13) 

± 2.631 
8.151 (1-34) 

± 6.782 

12.11 (1-
133) ± 
21.68 

 

N (%) 
Heart rate ≥ 125 bpm 

Respiratory rate >24 bpm 
SPO2 < 94% 

 

 
5 (2.4%) 

20 (9.62%) 
42 (20.19%) 

 
1 (0.5%) 
1 (0.5%) 
5 (2.4%) 

 
1 (2.44%) 
16 (39%) 

29 (70.73%) 

 
3 (7.7%) 
3 (7.7%) 

8 (20.51%) 
  Supplemental O2, N (%)    157 (75.5%)  15 (36.5%)  105 (82.1%)  37 (94.8%)  
  Nasal cannula   98 (47.1%) 36.5% 59.3% 17.9% 
  Face mask ventilation   44 (21.2%)  - 21.1% 43.5% 

  
Non-invasive Mechanical 

Ventilation / Intubation   15 (7.2%)  - 1.6% 33.3% 

  Critical Unit / ICU, N (%)  39 (18.75%) - 1.6% 94.8% 

  

Clinical lung disease 
diagnosis to COVID-19, N 
(%) 

          

  None   15 (7.2%) 21.9% 4.6% -  
  Pneumonia   44 (21.2%) 31.7% 14.1% 33.3% 
  Bilateral Pneumonia   52 (25.0%) 14.6% 32.1% 12.8% 
  Bronchopneumonia    95 (45.7%) 29.2% 49.3% 51.2% 
  Pulmonary embolism   1 (0.5%) - - 2.5% 
  Atelectasis lamellose   1 (0.5%) 2.4% - - 
  Deaths, N (%)  29 (13.9%) - - 74.3% 
  Comorbidities, N (%)        
  Hypertension   98 (47.1%) 41.4% 45.3% 58.9% 
  Dyslipidaemia   72 (34.6%) 24.3% 33.6% 48.7% 
  Diabetes   49 (23.6%) 9.7% 26.6% 28.2% 
  Hypothyroidism   31 (14.9%) 26.8% 7.1% 28.2% 
  Obesity   32 (15.4%) 12.2% 17.2% 12.8% 
  Heart disease   40 (19.2%) 26.8% 10.9% 38.4% 
  Bronchial asthma   18 (8.7%) 2.4% 8.6% 15.4% 
  Hyperuricemia   9 (4.3%) 4.8% 5.6% - 
  Immunocompromised   6 (2.9%) 4.8% 1.6% 5.1% 
  Hepatitis C   2 (0.9%) 2.4% 0.8% - 
  Gilbert's diseases   1 (0.5%) - 0.8% - 
  Crohn's disease   1 (0.5%) - 0.8% - 
  Glaucoma   1 (0.5%) - 0.8% - 
  Chagas disease   1 (0.5%) 2.4%  - - 
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Figure Legends 

Figure 1. Inflammatory cytokines and biomarkers are markedly induced in COVID-

19 patients. 

(A) Concentration of C-reactive protein (CRP), procalcitonin (PCT) and ferritin in plasma 

of COVID-19 patients. 

(B-C) Plasma concentration of IL-6, IL-15, IL-1RA, IL18 (B), CCL2, and IL-2 (C) in 

healthy donors (HD) and COVID-19 patients. 

(D) Plasma concentration of P2X7 receptor and markers of pyroptosis (ASC, GSDMD, 

and HMGB1) in healthy donors (HD) and COVID-19 patients. 

Each dot represents an individual patient; data are represented as mean (grey bars) ± 

s.e.m; dotted lines represent the normal range for each parameter analysed (upper line 

in Ferritin’s graph correspond to normal range for healthy men and bottom line for healthy 

woman); For (B-D) ****p < 0.0001; ns, no significant difference (p > 0.05) with Mann-

Whitney test. 

 

Figure 2. P2X7 receptor and IL-1RA increase with COVID-19 disease severity. 

(A) Plasma concentration of C-reactive protein (CRP), procalcitonin (PCT) and ferritin in 

association with the severity of COVID-19 manifestation (mild, moderate or severe). 

(B,C) Concentration of P2X7 receptor, IL-1RA (B), IL-6, IL-15 and IL-18 (C) in plasma of 

healthy donors (HD) and COVID-19 patients in association with the severity of disease 

manifestation (mild, moderate or severe). 

(D) Concentration of P2X7 receptor in the plasma of HD and COVID-19 patients in 

different age groups. 

(E) Concentration of P2X7 receptor in the plasma of COVID-19 patients with 

hypothyroidism, asthma, hypertension, diabetes or dyslipidaemia. 

(D) Concentration of P2X7 receptor in the plasma of severe COVID-19 patients with 

good or poor outcome (death or prolonged intensive care unit stay). 

Each dot represents an individual patient; data are represented as mean (grey bars) ± 
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s.e.m; dotted lines represent the normal range for each parameter analysed (upper line 

in the Ferritin graph corresponds to normal range for healthy men and the bottom line 

corresponds to normal range for healthy woman); *p < 0.05; **p < 0.005; ***p < 0.0005; 

****p < 0.0001; ns, no significant difference (p > 0.05) with Kruskal-Wallis test for A-D 

and Mann-Whitney test for E,D. 

 

 

Figure 3. P2X7 receptor detected in the plasma of COVID-19 patients correlates 

with C-reactive protein. 

(A,B) Correlation between the concentration of C-reactive protein (CRP) and the 

quantification of the P2X7 receptor, IL-1RA (A), IL-6, IL-15 and IL-18 (B) in plasma from 

COVID-19 patients; disease severity is represented with yellow circles (mild), orange 

circles (moderate) and red circles (severe). 

(C) Correlation between the concentration of CRP and the quantification of the P2X7 

receptor, IL-6 and IL-15 in plasma from COVID-19 patients with moderate (orange 

circles) and severe (red circles) COVID-19 manifestation. 

(D) Correlation between the concentration of ferritin and CRP, P2X7 receptor, and IL-18 

in plasma from COVID-19 patients; disease severity is represented with yellow circles 

(mild), orange circles (moderate) and red circles (severe). 

(E) Correlation between the concentration of the P2X7 receptor and IL-1RA, IL-6, IL-15 

and IL-18 from plasma of COVID-19 patients; disease severity is represented with yellow 

circles (mild), orange circles (moderate) and red circles (severe). 

Each dot represents an individual patient; Spearman correlation for all panels. 

 

Figure 4. Treatment with ATP or Clostridium difficile toxin B induces the release 

of P2X7 receptor. 

P2X7 receptor (left) or IL-1b (right) from human peripheral blood mononuclear cells from 

healthy individuals treated for 3 h with LPS (1.6 µg/ml) and then treated with ATP (5 mM) 
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for 45 min or with Clostridium difficile toxin B (TcdB, 1 µg/ml) for 1 h. Each dot represents 

data from an independent individual. 
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