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Abstract

:

Purpose: SARS-CoV-2 infection induces in some patients a condition called long-COVID-19, herein post-COVID-19 (PC), which persists for longer than the negative oral-pharyngeal swab. One of the complications of PC is pulmonary fibrosis. The purpose of this study was to identify blood biomarkers to predict PC patients undergoing pulmonary fibrosis. Patients and Methods: We analyzed blood samples of healthy, anti-SARS-CoV-2 vaccinated (VAX) subjects and PC patients who were stratified according to the severity of the disease and chest computed tomography (CT) scan data. Results: The inflammatory C reactive protein (CRP), complement complex C5b-9, LDH, but not IL-6, were higher in PC patients, independent of the severity of the disease and lung fibrotic areas. Interestingly, PC patients with ground-glass opacities (as revealed by chest CT scan) were characterized by higher plasma levels of IL-1α, CXCL-10, TGF-β, but not of IFN-β, compared to healthy and VAX subjects. In particular, 19 out of 23 (82.6%) severe PC and 8 out of 29 (27.6%) moderate PC patients presented signs of lung fibrosis, associated to lower levels of IFN-β, but higher IL-1α and TGF-β. Conclusions: We found that higher IL-1α and TGF-β and lower plasma levels of IFN-β could predict an increased relative risk (RR = 2.8) of lung fibrosis-like changes in PC patients.
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1. Introduction


Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has caused a world-wide pandemic inducing a disease known as coronavirus disease 19 (COVID-19) [1]. The dissemination of SARS-CoV-2 has changed our lives at different levels such as lifestyle, social relationships, and health approaches.



COVID-19 is a life-threatening disease leading to bilateral pneumonia and respiratory failure. The underlying mechanism/s why the majority of infected patients present mild or moderate home-cured symptoms compared to the lower percentage of people who develop a severe disease is still elusive. It is now well-known that a “cytokine storm” is responsible of SARS-CoV-2 severity [2] in that COVID-19 infected patients need hospitalization for oxygen supplementation and, in some cases, undergo intensive care. In particular, it was found that deficiencies in type I interferons (IFN-I), either induced by inherited mutations [3] or due to the development of antibodies that ‘neutralize’ IFN-I [4], may underlie severe grade of COVID-19.



Another important issue correlated to COVID-19 is that a significant number of patients, although negative to the oral-pharyngeal swab, experience prolonged symptoms, herein called post COVID-19 (PC) [5]. Davis and collaborators found that a cohort of PC patients presented prolonged symptoms ranging from neuropsychiatric, reproductive, cardiovascular, musculoskeletal, immunological, head-ear-eye-nose-throat, pulmonary, gastrointestinal, and dermatologic symptoms up to multiorgan systemic dysfunction, impacting morbidity, mortality, and quality of life [6].



Pulmonary fibrosis can occur after viral pneumonia such as that induced by SARS-CoV and Middle East respiratory syndrome coronavirus (MERS) infection, which, in some cases, leads to pulmonary dysfunction for a period longer than two years [1,2]. Similarly, SARS-CoV-2 can cause lung fibrotic dysfunction/s post infection. However, the mechanism/s underlying SARS-CoV-2-derived pulmonary fibrosis are still not well defined. The aim of this study was to understand whether blood biomarkers such as pro-inflammatory markers (i.e., C reactive protein, CRP) and cytokines (i.e., IFN-I) could predict lung fibrosis-like changes in PC patients.



In the attempt to prevent and early therapeutically treat PC patients showing pulmonary fibrosis-like symptoms, we tried to understand what circulating biomarkers were involved. The results from this study could be of clinical help to immediately characterize and discriminate pulmonary fibrosis susceptible PC patients




2. Materials and Methods


2.1. Human Samples


Blood samples were collected by healthy volunteers, vaccinated (VAX) subjects, and post-COVID-19 (PC) patients recruited at the “Monaldi-Azienda Ospedaliera (AORN)-Ospedale dei Colli” Hospital in Naples, Italy. All subjects and patients signed an informed consent before using blood samples as required by the Ethical Committee Board of the hospital, which approved the experimental protocols in accordance with the guidelines and regulations provided by the Review Board (protocol n.422/2017, 729/2020). Blood from healthy subjects was collected according to negative swab to SARS-CoV-2. Vaccinated subjects underwent mRNA vaccination and were negative to SARS-CoV2 infection.



The age of post-COVID-19 patients (PC; n = 52) and healthy subjects (Healthy; n = 17) had a mean of 50 ± 10 years, instead, the mean age of anti-SARS-CoV-2 VAX subjects (n = 27) was 30 ± 10 years. All subjects/patients had no previous history of allergic diseases or chronic respiratory conditions. Blood was collected by PC patients for 1–3 months by negative oral-pharyngeal swab to detect SARS-CoV-2 infection. PC patients were classified as moderate COVID patients (n = 29) who did not need hospitalization and were cured at home, or severe COVID patients (n = 23) who requested hospitalization and oxygen therapy according to the clinical need. In addition, within the cohort of PC patients, the presence of fibrosis-like changes was assessed according to functional and clinical parameters such as spirometry, FEV1, FVC, and the presence of ground-glass opacities and reticular/fibrotic areas at the chest CT scan, as described below. Clinical and therapeutical features of PC patients are reported in Table 1.



Blood was collected and used within 24 h, centrifuged at 3750 rpm for 10 min to spin down all blood cells to collect plasma.




2.2. Cytokine and Chemokine Measurements


IL-1α, IL-2, IL-6, IFN-β, IL-18, IL-33, TGF-β, CXCL8, and CXCL10 levels were measured in cell-free plasma using commercially available enzyme-linked immunosorbent assay kits (ELISAs) (Diaclone, Buckingham, UK; R&D, Abingdon, UK).




2.3. C reactive Protein (CRP) and Complement Complex C5b-9 Measurements


Plasma levels of CRP and complement complex C5b-9 were measured according to the manufacturer’s instructions (Elabscience, Houston, TX, USA).




2.4. LDH Levels


The levels of lactate dehydrogenase (LDH) were measured by using a commercially available kit (Sigma, Rome, Italy) following the manufacturer’s instructions.




2.5. Chest CT Scans


Chest CT scans were performed 1–3 months after the first negative oral-pharyngeal swab. Patients were examined in the supine position, covering the area from the apex of the lung to the costophrenic angle with a scanning layer thickness and layer spacing of 0.5–2 mm (HRTC). The pulmonary involvement was measured by expert radiologists by applying a semi-quantitative scoring system based on the pulmonary area involved with fibrosis [7]. Each of the five lung lobes was visually scored from 0 to 5 as: 0, no involvement; 1, <5% involvement; 2, 25% involvement; 3, 26–49% involvement; 4, 50–75% involvement; 5, >75% involvement. The total CT score was the sum of the individual lobar scores and ranged from 0 (no involvement) to 25 (maximum involvement) [8]. In this study, we evaluated the presence of fibrotic or non-fibrotic patterns by applying a qualitative measure closely associated with the semi-quantitative score previously described. Presence of fibrotic pattern was considered in patients with a score >5.




2.6. Statistical Analysis


Data are reported as median. Statistical differences were assessed with Mann–Whitney U test, two-sided Fisher’s exact test, and Chi-square test where needed. p values less than 0.05 were considered as significant. The statistical analysis was performed by using GraphPad Prism version 9.0.0 (San Diego, CA, USA).





3. Results


3.1. Circulating Levels of Inflammatory Markers Are Still Present in Post-COVID-19 Patients


SARS-CoV-2 infected patients develop a systemic inflammatory syndrome [9]. C reactive protein (CRP) was considered as a systemic inflammatory marker associated with the severity of the infection [10]. We found that plasma CRP was statistically (p = 0.047) higher in PC patients than in healthy subjects (Figure 1A, red vs. black dots). In sharp contrast, anti-SARS-CoV-2 vaccinated (VAX) subjects had significantly lower levels of CRP than healthy subjects and PC patients (Figure 1A, green dots vs black or red dots). To note, VAX subjects had even lower levels of CRP than healthy subjects, implying that the vaccination does not induce the systemic inflammatory syndrome such as during SARS-CoV-2 infection [10]. To understand whether there were differences in plasma CRP levels underlying the grade of COVID-19, we stratified PC patients as moderate or severe according to the hospitalization where they needed oxygen therapy. Moderate (Figure 1A, pink dots) and severe (Figure 1A, blue dots) PC patients had similar CRP levels post infection. Furthermore, the levels of lactate dehydrogenase (LDH), another circulating inflammatory marker, were significantly higher in both moderate and severe PC patients compared to healthy subjects (Supplementary Figure S1 in the Supplementary Materials).



COVID-19 was also described as affected by alteration/s of the coagulation pathway as well as of the complement cascade [1]. Similarly, we measured the activation of the complement C3 and C5 by detecting the C3a and C5b-9 complex, respectively. We did not observe any difference for circulating C3a in the three groups (data not shown). Instead, the complement complex C5b-9 was significantly higher in the blood of PC patients than healthy and VAX subjects (Figure 1B, red vs. black and green dots). However, we did not find differences in the levels of C5b-9 between moderate vs. severe PC patients (Figure 1B, pink vs. blue dots).



Based on the fact that IL-6 is one of the cytokines observed during the “cytokine storm” typical of COVID-19 [11], we measured plasma levels of IL-6. Circulating levels of IL-6 were significantly reduced in all PC blood samples compared to healthy and VAX subjects (Figure 2A). No differences in circulating IL-6 levels were observed in PC patients stratified as moderate vs severe (Figure 2A), or as with or without fibrosis (Figure 2B, pink vs blue dots).



These data imply that PC patients, although the negative oro-pharyngeal swab, presented circulating inflammatory markers such as the CRP and C5b-9 complex, but not IL-6.




3.2. Circulating Levels of IFN-β Are Still High in Post-COVID-19 Patients Who Did Not Have Lung Fibrosis-like Changes Post Infection


Type I interferons are anti-viral cytokines that were described in response to SARS-CoV-2 infection [12]. We found that PC patients still presented higher levels of circulating IFN-β compared to healthy subjects (Figure 3A, red vs. black dots). It is interesting to note that VAX subjects had higher levels of IFN-β compared to PC patients and healthy subjects (Figure 3A, green vs. red and black dots). Patients who had moderate grade of COVID-19 showed a tendency to have higher levels of circulating IFN-β than those who had severe COVID-19 (media ± SEM: 308.2 ± 39 vs. 264 ± 51.1 pg/mL), although no statistical difference was observed between the two groups (Figure 3A, pink vs. blue dots). In addition, PC patients who did not develop pulmonary fibrosis-like changes (moderate without fibrosis, purple dots, and severe without fibrosis, light blue dots) had higher levels of IFN-β than those who had fibrosis-like changes (moderate with fibrosis, pink dots, and severe with fibrosis, blue dots) (Figure 3B).



To confirm the relevance of IFN-β, we analyzed an associated chemokine, CXCL10 [13]. The levels of CXCL10 were significantly higher in PC patients than in the healthy and VAX subjects (Figure 4A, red vs. black and green dots). Severe grade of COVID-19, differently than what observed for IFN-β, induced higher levels of CXCL10 compared to healthy and VAX subjects (Figure 4A, blue vs. black and green dots), implying the prominent role of an active IFN-dependent immunity against the virus. Indeed, severe and moderate PC patients with lung fibrosis-like changes had higher levels of CXCL10 than healthy subjects (Figure 4B, pink and blue dots).



Another cytokine involved in lung fibrosis is IL-1α [14,15,16]. We found that plasma levels of IL-1α in all PC patients were not statistically different than in healthy subjects (Figure 5A, red vs. black dots), but VAX subjects had higher levels of IL-1α (Figure 5A, green dots), likely due to the activation of the immune system after the vaccine boost. Similarly, the stratification of PC patients as moderate vs severe did not show any difference in IL-1α levels (Figure 5A, pink and blue dots). In contrast, when PC patients were stratified as with or without fibrosis-like symptoms, we observed that IL-1α was higher in both moderate and severe PC patients with fibrosis-like changes than healthy subjects (Figure 5B, pink and blue vs. black dots), although no statistical differences were registered.



In addition, we did not find increased levels of IL-2, IL-18, IL-33, and CXCL8 in PC patients compared to healthy subjects (Supplementary Figure S2 in the Supplementary Materials). It has to be noted that VAX subjects had significantly higher levels of IL-18 than PC patients (Supplementary Figure S2B, green vs. red dots, in the Supplementary Materials), likely due to the effectiveness of the vaccine.




3.3. The Immunosuppressive/Pro-Fibrotic TGF-β Is Higher in Severe Post-COVID-19 Patients Who Had Pulmonary Fibrotic-like Events


TGF-β has long been proposed as a key molecule in the pathogenesis of lung fibrosis [14,17]. In this regard, we found that PC patients had higher levels of TGF-β compared to healthy subjects (Figure 6A, red vs. black dots). VAX subjects had very high levels of this cytokine (Figure 6A, green dots), most likely due to the immunosuppressive arm that establishes post vaccine injection [18]. No statistical differences were observed between moderate vs severe PC patients (Figure 6A, pink vs. blue dots). Stratifying PC patients according to lung fibrosis-like changes, we found that moderate PC patients without fibrosis had higher levels of TGF-β than healthy subjects (Figure 6B, purple vs. black dots); however, moderate PC patients with fibrosis had a slight increase in TGF-β compared to healthy subjects (Figure 6B, pink vs. black dots). Instead, severe PC patients who presented signs of lung fibrosis had higher levels of TGF-β than both healthy subjects (Figure 6B, blue vs black dots) and severe PC patients without fibrosis (Figure 6B, blue vs. bright blue dots).




3.4. Severe COVID-19 Patients Display Higher Susceptibility to Lung Fibrosis


To understand whether COVID-19 induced lung fibrosis, we analyzed the group of patients according to the grade of the disease. We found that patients who had severe infection (n = 23/52, 44.2% of the total) presented signs of lung fibrosis post infection (n = 19/23, 82.6%) (Figure 7A, red bar in fibrosis section). This phenomenon was statistically significant according to Fisher’s exact test (p < 0.0001). Instead, patients who had a moderate grade of COVID-19 (n = 29/52, 55.8% of the total) did not show lung fibrosis signs (n = 21/29, 72.4%) (Figure 7A, green bar in no-fibrosis section). Importantly, among moderate COVID-19 patients, 8 out of 29 (27.6%) patients presented symptoms and fibrotic areas at the chest CT scan (Figure 7A, green bar in the fibrosis section); 4 patients out of 23 (17.4%), who presented a severe grade of COVID-19, did not develop lung fibrosis (Figure 7A, red bar in no fibrosis section). Of note, this latter group of patients, although the number was limited (n = 4), had lower levels of the pro-fibrotic IL-1α (Figure 5B) and TGF-β (Figure 6B), but higher levels of IFN-β (Figure 3B). Considering IFN-β as the discriminating cytokine between fibrotic vs non-fibrotic PC patients in Table 2, we performed a Chi-square test taking into consideration a receiver operating curve (ROC) analysis to highlight a cut-off value of the cytokine (194.3 pg/mL). We found that severe PC patients who presented lung fibrosis-like changes had lower levels of IFN-β (Figure 7B, blue bar on the right, as indicated by the arrow). Instead, patients with moderate COVID-19 who presented higher levels of IFN-β had no signs of lung fibrosis-like changes (Figure 7B, green bar on the left, as indicated by the arrow). Interestingly, the group of patients defined as moderate with fibrosis (n = 8 out of 29) and severe without fibrosis (n = 4 out of 23) presented fibrosis-like symptoms or not, independently of IFN-β levels, implying other yet unidentified blood biomarker/s for PC patients.





4. Discussion


Several reports have described clinical and epidemiological features of patients affected by COVID-19. The common symptoms of SARS-CoV-2 infection are fever, cough, myalgia and/or fatigue, dyspnea, gastrointestinal dysfunctions, and prominent respiratory tract impairment [1]. All hospitalized patients show abnormalities in chest CT images, characterized by grinding glass-like and consolidation areas in 98% of the cases reporting bilateral lung impairment at the basis of bilateral interstitial pneumonia [1]. The morbidity is mainly due to respiratory failure typical of acute respiratory distress syndrome (ARDS), but the mortality underlies multiple organ failure [1]. Hematopoietic alterations are characterized by lymphopenia, thrombocytopenia, thromboembolism, and increased plasma levels of inflammatory cytokines and chemokines (i.e., IL-6, CCL2, TNF-α) [18].



Besides the symptoms during SARS-CoV-2 infection, another important issue that rises post infection is related to long COVID-19 syndrome, herein PC. Some PC patients develop lung fibrosis-like changes, which especially occur in some patients who need hospitalization [19]. In our cohort of PC patients, we found that 27 out of 52 patients (52%) presented ground-glass opacities and reticular/fibrotic areas at the chest CT scan. To identify circulating biomarkers able to discriminate PC patients undergoing lung fibrosis-like changes, we measured different well-known inflammatory mediators. We found that CRP, complement complex C5b-9, and LDH were still higher in PC patients, despite the infection being abolished and despite the severity of the pathology. Instead, IL-6, a cytokine that was described as involved in the typical COVID-19-related “cytokine storm” [11], was lower in all PC patients who had similar levels as the healthy subjects. This could imply the rescue from infection.



Of note, subjects who received the anti-SARS-CoV-2 vaccine (mRNA-based vaccine) did not show any alteration of CRP, C5b-9 complex, and IL-6, implying that the vaccine solely boosts the immune system as, instead, confirmed by higher levels of IFN-β, IL-1α, IL-18, and TGF-β. The presence of these cytokines leads to suppose that CD4+ Th1 and CD8+ T cytotoxic cells together with the memory immunity were increased in vaccinated subjects, implying the establishment of a specific immunity to combat SARS-CoV-2 infection [18,20,21].



PC patients with lung fibrosis-like symptoms had higher levels of IL-1α and TGF-β, but lower levels of IFN-β, unlike the vaccinated (VAX) subjects and PC patients who did not show fibrosis-like signs. Therefore, the inverse relationship between IFN-β vs IL-1α and TGF-β could be at the crossroad, defining PC patients susceptible to lung fibrosis. In our previous study, we observed that IL-1α and TGF-β were highly released by peripheral blood mononuclear cells (PBMCs) obtained by patients with idiopathic pulmonary fibrosis (IPF) [14]. Here, we found that IL-1α and TGF-β were higher in patients with signs of lung fibrosis compared to IFN-β in PC patients. IFN-β is a well-known antiviral cytokine [12], which relevance during SARS-CoV-2 infection has been widely described. In particular, type I interferons have been related to the grade of the disease [3,4], in that the absence of this cytokine could be at the basis of a severe grade of COVID-19. Zhang and colleagues found that mutations of type I interferon genes are responsible for COVID-19 severity [3]. On the other hand, the neutralization of IFN type I due to endogenous antibodies favored the severity of COVID-19 [4]. In supporting, in our study, we found that IFN-β was significantly lower in severe PC compared to moderate PC patients. Fisher’s exact test performed on the levels of IFN-β showed that the relative risk (RR) of developing lung fibrosis-like changes was lower for PC who had higher levels of IFN-β compared to those who had lower levels (Figure 7B). VAX subjects had higher levels of IFN type I than the healthy, supporting both the efficacy/effectiveness of the vaccine (mRNA-based) to induce an anti-viral immunity, and the role of this cytokine to boost the immune system against SARS-CoV-2-derived spike protein.



On the other hand, severe or moderate PC patients who developed lung fibrosis-like changes had lower levels of IFN-β, but higher levels of IL-1α and TGF-β. TGF-β has long been proposed as a key molecule in the pathogenesis of lung fibrosis [14,17], playing a pivotal role in that it stimulates intrapulmonary fibroblasts to express high levels of collagen genes and mesenchymal cell-related markers such as α-smooth muscle actin (α-SMA) and vimentin [22]. IL-1α has been repeatedly reported as involved in chronic lung diseases [14,15,16]. In particular, IL-1α is involved in the phenotypic switch of lung fibroblasts to their inflammatory state during epithelial damage, herein suggested as an undesirable and harmful factor in fibrotic lung diseases [14,15,16]. Based on our previous studies [14], we found that higher levels of IL-1α and TGF-β, but lower levels of IFN-β, could reflect the increased RR (3-fold; RR = 2.8) of lung fibrosis-like changes in both severe and moderate COVID-19-affected patients post infection.




5. Conclusions


In conclusion, in the attempt to reveal blood biomarkers to predict PC patients undergoing pulmonary fibrosis-like changes, we believe that IL-1α and TGF-β compared to IFN-β could be of great relevance to avoid the molecular pro-fibrotic pattern typical of lung fibrosis, avoiding morbidity and mortality rates typical of lung fibrotic patients.
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Figure 1. (A) Plasma levels of C-reactive protein (CRP) and (B) complement complex C5b-9 were significantly higher in PC patients than healthy (black dots) and vaccinated (VAX, green dots) subjects. Post-COVID-19 (PC) patients (red dots) were further stratified as moderate or severe patients (pink and blue dots, respectively). Data are expressed as median. Statistical analysis was performed according to the Mann–Whitney U test. 
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Figure 2. Circulating levels of IL-6 in moderate and severe PC patients (A), as well as in moderate and severe PC patients with or without fibrosis-like symptoms (B) were reduced compared to healthy (black dots) and vaccinated (VAX, green dots) subjects. (A) Plasma levels of IL-6 were measured according to the grade of the disease (moderate or severe, pink and blue dots, respectively) and (B) to the establishment of lung fibrosis-like symptoms (moderate or severe PC patients with or without fibrosis, pink or blue dots and purple and bright blue dots, respectively). Data are expressed as median. Statistical analysis was performed according to the Mann–Whitney U test. 
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Figure 3. Plasma levels of IFN-β were increased in PC patients but reduced according to the presence of symptoms and signs of lung fibrosis. (A) Circulating levels of IFN-β were higher in vaccinated (VAX) subjects than in healthy and PC patients (green vs. black and red dots); these levels did not discriminate moderate (pink dots) vs. severe (blue dots) PC patients. Instead, (B) the absence of fibrosis in PC patients was characterized by higher levels of IFN-β in moderate (purple dots) and severe (bright blue dots) PC patients. Data are expressed as median. Statistical analysis was performed according to the Mann–Whitney U test. 
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Figure 4. Plasma levels of CXCL10 were increased in PC patients according to the severity of the disease and to the presence of symptoms and signs of lung fibrosis. (A) Circulating CXCL10 levels were higher in severe PC patients who developed symptoms and signs of lung fibrosis compared to heathy and VAX subjects (blue dots vs. black and green dots). (B) CXCL10 levels were evaluated according to lung fibrosis-like symptoms. Data are expressed as median. Statistical analysis was performed according to the Mann–Whitney U test. 
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Figure 5. Plasma levels of IL-1α were increased in PC patients who developed symptoms and signs of pulmonary fibrosis, independently of the grade disease. (A) Circulating levels of IL-1α were not altered in the healthy and PC patients. (B) IL-1α levels were evaluated according to the establishment of lung fibrosis symptoms (moderate or severe PC patients with or without fibrosis, pink or blue dots and purple and bright blue dots, respectively). Data are expressed as median. Statistical analysis was performed according to Mann Whitney U test. 
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Figure 6. Circulating TGF-β levels were higher in severe post-COVID-19 patients with lung fibrosis events. (A) Plasma levels of TGF-β were measured in healthy, vaccinated (VAX) subjects (black and green dots, respectively), and post-COVID-19 (PC) patients (red dots), according to the grade of the pathology (moderate vs. severe, pink and blue dots, respectively). (B) TGF-β levels were evaluated according to the establishment of lung fibrosis symptoms (moderate or severe PC patients with or without fibrosis, pink or blue dots and purple and bright blue dots, respectively). Data are expressed as median. Statistical analysis was performed according to the Mann–Whitney U test. 
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Figure 7. Discrimination among PC patients with or without fibrosis-like symptoms according to plasma levels of IFN-β. (A) The contingency graph that describes that lung fibrosis-like changes are more frequent in severe (red bar, 82.6%) than moderate (green bar, 72.4%) COVID-19 patients. Fisher’s exact test was used to determine the possible association between COVID-19 and lung fibrosis events (p < 0.0001). (B) Fraction of total was analyzed according to the levels of IFN-β based on a cut-off (194.3 pg/mL) obtained by receiver operating curve (ROC) analysis; in this latter analysis, the Chi-square test for trend (p = 0.0154) was applied. 
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Table 1. Characteristic of post-COVID-19 (PC) patients.
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	Patients
	Sex
	Grade
	Fibrosis-Like Changes
	Comorbidities





	#1
	F
	Moderate
	No
	Hypertensive heart disease, type II diabetes mellitus, lymphatic stasis, cholangitis



	#2
	M
	Severe
	Yes
	None



	#3
	F
	Severe
	Yes
	Systemic arterial hypertension



	#4
	M
	Moderate
	Yes
	Systemic arterial hypertension, COPD, type II diabetes mellitus



	#5
	M
	Moderate
	No
	Intermittent bronchial asthma (treated with ICS/LABA as needed), obesity



	#6
	M
	Severe
	Yes
	Systemic arterial hypertension, dyslipidemia



	#7
	F
	Moderate
	No
	None



	#8
	F
	Moderate
	Yes
	Recurrent bronchitis, systemic arterial hypertension



	#9
	F
	Moderate
	No
	Diabetes mellitus



	#10
	M
	Moderate
	No
	Hypercholesterolemia, previous pneumonia (2018)



	#11
	F
	Severe
	Yes
	Systemic arterial hypertension, type 2 diabetes mellitus, hypercholesterolemia



	#12
	M
	Moderate
	No
	Systemic arterial hypertension



	#13
	M
	Moderate
	Yes
	Esophagogastroduodenitis, prostatitis



	#14
	M
	Moderate
	No
	None



	#15
	M
	Severe
	Yes
	Systemic arterial hypertension, ischemic heart disease, chronic renal failure, ischemic stroke



	#16
	F
	Severe
	No
	Allergic bronchial asthma



	#17
	M
	Severe
	Yes
	Systemic arterial hypertension



	#18
	M
	Severe
	No
	None



	#19
	F
	Moderate
	No
	Hashimoto’s thyroiditis



	#20
	M
	Severe
	Yes
	Thrombophlebitis of the right lower limb



	#21
	M
	Moderate
	Yes
	Chronic HBV-related liver disease, diabetes mellitus, systemic arterial hypertension, previous surgery for kidney stones



	#22
	F
	Moderate
	Yes
	Systemic arterial hypertension



	#23
	F
	Moderate
	No
	Bilateral hearing loss



	#24
	F
	Severe
	No
	Hypertensive heart disease, dysthyroidism, hypercholesterolemia, atopy and allergic rhinosinusitis



	#25
	M
	Severe
	No
	Gilbert’s syndrome, obesity



	#26
	M
	Moderate
	No
	Dilated cardiomyopathy



	#27
	M
	Moderate
	No
	None



	#28
	F
	Moderate
	No
	Gastroesophageal reflux, colon dyskinesia



	#29
	M
	Moderate
	No
	Hashimoto’s thyroiditis



	#30
	F
	Severe
	Yes
	Bronchial asthma, allergic rhinitis



	#31
	M
	Moderate
	No
	Hypercholesterolemia



	#32
	F
	Moderate
	Yes
	None



	#33
	M
	Moderate
	No
	None



	#34
	
	Moderate
	No
	None



	#35
	F
	Severe
	Yes
	Depressive syndrome



	#36
	F
	Severe
	Yes
	Hypothyroidism



	#37
	M
	Severe
	Yes
	Gastroesophageal reflux



	#38
	F
	Moderate
	Yes
	None



	#39
	M
	Moderate
	No
	None



	#40
	M
	Severe
	Yes
	Hypertension



	#41
	M
	Moderate
	No
	Chronic ischemic heart disease, chronic atrial fibrillation, type 2 diabetes mellitus, hypertension, dyslipidemia



	#42
	M
	Severe
	Yes
	None



	#43
	F
	Severe
	Yes
	None



	#44
	M
	Severe
	Yes
	Hypertension, gastroesophageal reflux disease, hemorrhoids



	#45
	M
	Severe
	Yes
	Hypertension, rheumatoid arthritis



	#46
	M
	Severe
	Yes
	Hypertension, type 2 diabetes mellitus



	#47
	M
	Severe
	Yes
	Hypertension, gastroesophageal reflux disease



	#48
	F
	Moderate
	No
	Sideropriva anemia-dystyroidism



	#49
	M
	Moderate
	Yes
	None



	#50
	M
	Moderate
	No
	Pulmonary emphysema



	#51
	M
	Moderate
	No
	None



	#52
	M
	Severe
	Yes
	None
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Table 2. Analysis of cytokines in the group of post-COVID-19 (PC) patients according to lung fibrosis-like changes. Data are expressed as mean ± SEM (pg/mL).
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	Markers
	Healthy
	VAX
	PC NO-Fibrosis Like Changes
	PC Fibrosis Like Changes





	CRP
	236.2 ± 25.11
	66.2 ± 16.4
	Moderate:

360.9 ± 33.5

Severe:

376.5 ± 122.2
	Moderate:

302.8 ± 51

Severe:

405.3 ± 65.91



	C5b-9
	382.5 ± 54.08
	489.1 ± 62.38
	Moderate:

158.5 ± 279.8

Severe:

126.7 ± 274.6
	Moderate:

1058 ± 274.6

Severe:

1528 ± 488.1



	LDH
	183.9 ± 14.25
	923.1 ± 150.5
	Moderate:

10904 ± 1171

Severe:

9370 ± 3114
	Moderate:

13565 ± 1768

Severe:

11496 ± 774.3



	IL-6
	163.4 ± 42.71
	122.7 ± 10.74
	Moderate:

81.89 ± 15.56

Severe:

45.48 ± 4.7
	Moderate:

86.11 ± 26.9

Severe:

130.2 ± 24.02



	IFN-β
	145.4 ± 19.3
	381.8 ± 33.2
	Moderate:

349.1 ± 47.44

Severe:

442.6 ± 2.40
	Moderate:

239.3 ± 70.3

Severe:

226.4 ± 37.4



	CXCL-10
	201.8 ± 55.4
	141.4 ± 11.7
	Moderate:

221.1 ± 32.65

Severe:

260.3 ± 71
	Moderate:

211.4 ± 32.65

Severe:

339.9 ± 111.8



	IL-1α
	425.4 ± 21.1
	764.3 ± 135.2
	Moderate:

630 ± 210.9

Severe:

481.8 ± 207.3
	Moderate:

1054 ± 431.4

Severe:

808.5 ± 168.7



	TGF-β
	393.8 ± 45.9
	105.28 ± 298.7
	Moderate:

4260 ± 3122

Severe:

227.3 ± 39.1
	Moderate:

3606 ± 3238

Severe:

4358 ± 3283







Notes: CRP: C-reactive protein; C5b-9: complement complex C5b-9, LDH: lactate dehydrogenate; PC: post-COVID-19.
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