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In Nasal Mucosal Secretions, Distinct IFN and IgA Responses Are Found in Severe and Mild SARS-CoV-2 Infection
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Likely as in other viral respiratory diseases, SARS-CoV-2 elicit a local immune response, which includes production and releasing of both cytokines and secretory immunoglobulin (SIgA). Therefore, in this study, we investigated the levels of specific-SIgA for SARS-CoV-2 and cytokines in the airways mucosa 37 patients who were suspected of COVID-19. According to the RT-PCR results, the patients were separated into three groups: negative for COVID-19 and other viruses (NEGS, n = 5); negative for COVID-19 but positive for the presence of other viruses (OTHERS, n = 5); and the positive for COVID-19 (COVID-19, n = 27). Higher specific-SIgA for SARS-CoV-2, IFN-β, and IFN-γ were found in the COVID-19 group than in the other groups. Increased IL-12p70 levels were observed in OTHERS group as compared to COVID-19 group. When the COVID-19 group was sub stratified according to the illness severity, significant differences and correlations were found for the same parameters described above comparing severe COVID-19 to the mild COVID-19 group and other non-COVID-19 groups. For the first time, significant differences are shown in the airway's mucosa immune responses in different groups of patients with or without respiratory SARS-CoV-2 infection.

Keywords: SARS-CoV-2, cytokine-immunological terms, respiratory, viruses, mucosal immmunity, secretory immunoglobulin A


INTRODUCTION

Although there are still many uncertainties about COVID-19, a widely accepted aspect of this disease concerns the fact that cells which express angiotensin-converting enzyme II (ACE2) receptors on their surface are susceptible to infection by the SARS-CoV coronavirus. The binding affinity of protein S and ACE2 is being considered one of the main determinants of the SARS-CoV replication rate and also the severity of the disease (1–3). Among several tissues that express ACE2, the nasopharyngeal mucosa can be highlighted (2, 3). In patients diagnosed with COVID-19, symptomatic and asymptomatic, nasal swabs appear to produce higher viral loads than throat swabs, strengthening the view that the nasal epithelium is the entry for infection and initial transmission (1). Assuming that SARS-CoV-2 behaves similarly to other respiratory viruses (4), its presence in the respiratory airways undoubtedly will elicit an immune response, which includes production and releasing of both cytokines and secretory immunoglobulin (SIgA) (5–7).

It is widely accepted that secretory immunoglobulin A represents the “first line of defense” against several pathogens by its capacity to directly inhibit the pathogens proliferation in the mucosa (8–10). According to the literature, reduced airways mucosal SIgA levels leads to an increased risk of developing upper respiratory tract infections (URTI) (11), mainly by respiratory virus (12). It is also of utmost highlight that decreased SIgA levels are closely related to the illness severity (13).

It should be emphasized that intranasal antigen exposure, for instance with influenza virus or respiratory syncytial virus, is able to elicit a significant IgA response in nasopharyngeal lymphoid tissue (NALT) by antigen-specific B-cell, recognized as IgA-secreting cells that were originated in the NALT (14).

Furthermore, there is a handful of evidence showing that nasal immunization also induces the cytokine expression in order to elicit protective immunity. In the same way, the infection by respiratory virus, such as coronavirus, can trigger an immune response and the cytokines release revealing a signature that can lead to a wider and unifying definition of functional biomarkers of this infection (15, 16). It has been observed that the respiratory infections can induce different immune response, such as Th1, Th2, and Th17 responses, in order to guarantee a protective immunity, including the induction of mucosal specific-SIgA against the pathogenic agent (15).

According to the literature, studies that aimed to evaluate the role of cytokines in the coronavirus infection were focused on the systemic analysis. However, its paramount to better understand how the importance of mucosal immune response are involved in this context. This accumulated knowledge about cytokines opens a favorable field and can provide relevant data to clarify the immune response capacity of the person involved in the coronavirus infection. Therefore, in this study, for the first time, results concerning the mucosal immune response are shown (both cytokines and SIgA) from COVID-19 patients.



MATERIALS AND METHODS


Subjects of the Study

This study was carried out using nasopharyngeal and oropharyngeal swabs samples obtained from thirty-seven (17) patients who were suspected of being infected with SARS-CoV-2 (COVID-19) during SARS-CoV-2 outbreak in Brazil. The samples were collected in five hospitals in the São Paulo City: 1. University Hospital at the São Paulo University (HU-USP); 2. Santa Casa da Misericórdia Hospital (SCMH); 3. Hospital São Luiz Gonzaga (HSLG); 4. Infant Hospital Candido Fontoura (IHCF); 5. Municipal Pediatric Hospital Menino Jesus (MPHMJ). Regarding the classification of COVID-19 patients at different stages of the disease (mild, moderate and severe), it was followed the criteria presented in the file named “Guidelines for the Management of Patients with COVID-19” provided by the Brazilian Ministry of Health (18). It is noteworthy to clarify that this guideline is in agreement with the orientations provide by World Health Organization (19) for COVID-19. The nasopharyngeal and oropharyngeal swab samples were collected during the period of March to April 2020, from 1 to 5 days after the onset of the symptoms and they were used to perform the diagnosis of the occurrence of infection by several different types of virus, using respiratory virus panel (described below) through RT-PCR test. In agreement to the results obtained, we were able to stratify these patients in three different groups: the negative group for COVID-19 (NEGS, n = 5), the negative group for COVID-19 but positive for the presence of other virus (OTHERS, n = 5), and the positive group for COVID-19 (COVID-19, n = 27). Data about age, gender and clinical parameters, including the COVID-19 severity, are shown in the Table 1.


Table 1. Age (median with minimum and maximum values), number of women and men, and clinical symptoms presented by the patients who composed the negative, others, and COVID-19 groups.
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All the subjects enrolled in this study signed the informed consent form previously approved by the Ethics Committee of the University of São Paulo and by the National Research Ethics Committee (number 36011220.0000.0081). It is noteworthy to highlight that both the study and all experiments were performed in accordance with the Declaration of Helsinki.



RNA Extraction and Determination of Virus Infection by RT-PCR

Clinical Samples were extracted on the NUCLISENS® easyMag platform (bioMérieux, Massachusetts, USA) and real-time PCR performed on ABI 7300 machine utilizing the AgPath-ID One-Step RT-PCR master mix kit (Applied Biosystems Inc., USA) using a describe protocols for SARS-CoV-2, Respiratory Syncytial Virus type A and B (RSV-A/B), Human Metapneumovirus (HMPV), Parainfluenzavirus (PIVI-1-4), Adenovirus (AdV), Rhinovirus (RV), Influenza Virus type A and B (Flu- A/B) and sazonal Coronavirus type 1-4 (CoV 229E, CoV OC43, CoV NL63, CoV HKU1) (20–28).



Determination of Secretory Immunoglobulin A (SIgA)

Secretory IgA immunoglobulin was detected by ELISA method. Briefly, 96-well plates (Corning, New York, USA) were coated with the nucleoprotein antigen nCoV-PS-Ag7 (Fapon Biotech Inc., Dongguan, China) (0.2 ug/mL in sodium carbonate–sodium bicarbonate buffer) and incubated at 37°C for 1 h. Unspecific binding of the antibodies was avoided by blocking with bovine serum (Advagen Biotech ltda, Itu, Brazil) at 37°C for 3 h. After washing three times with PBST, 100 μL of a mix of nasopharyngeal and oropharyngeal swabs was added and incubated for 1 h at 37°C. After washing three times with PBST, the bound antibodies were detected by using the following secondary antibody conjugated with horseradish peroxidase diluted 1:4,000 of goat anti-human IgA (Sigma-Aldrich Co., Deisenhofen, Germany). After incubation for 1 h at room temperature and three PBST washes, 100 μL of 3, 3′, 5, 5′- tetramethylbenzidine (Thermo Scientific, Massachusetts, USA) was added to each well and the mixture was incubated for 10 min at room temperature. The reaction was stopped by adding 0.2 N sulfuric acid to the mixture, and the optical density at 450 nm was measured.



Determination of Cytokines

Cytokine concentrations were determined in the nasopharyngeal swab samples by ELISA test. Biomarkers were: interferon (IFN)-α and IFN-β (PBL Assay Science, NJ, USA), IFN-γ (Peprotech, NJ, USA), interleukin (IL)−37 and IL-17A (R&D System, Minneapolis, MN, USA), IL-6 and IL-10 (Invitrogen by Thermo Fisher Scientific, Vienna, Austria), IL-12p70 (Biolegend, San Diego, CA, USA) following the manufacturer's instructions. Concentration of cytokines was calculated using appropriate standard curves (following instructions from manufacturers). All correlation coefficients of standard curves were in the range of 0.95–0.99, whereas intra-assay coefficients of variance were 3–5%, and interassay coefficients of variance were 8–10%. Nasopharyngeal swab cytokine concentration values were normalized by the total protein concentration determined by the Bradford method (29).



Statistical Analysis

All data obtained from the SIgA and cytokines analysis were initially compared with the Gauss curve and the normality for each determined by the Shapiro-Wilk test, followed by the homogeneity of variance analysis by the Levene test. Concentrations of these biological parameters in the patients groups were analyzed using Kruskal–Wallis with Dunn post hoc test and were presented as the median with the respective quartiles. In addition, it was performed a Pearson's correlation test. Significance was established with α risk at 5.0% level (p ≤ 0.05), and all the analysis was performed data using GraphPad Prism (version 8.1.2) software.




RESULTS

According to the data presented in Table 1, the mean age of the group named as Others was lower than in the negative and COVID-19 groups (p < 0.001 for both groups). In this respect, it is necessary to clarify that the patients who composed this group presented infection by different respiratory viruses, other than the SARS-CoV-2. By RT-PCR test, it was verified that one patient was infected by rhinovirus, one patient was infected by P3 or P4, RSV infected two patients, and also one patient showed co-infection by adenovirus, RSV, P3, or P4. It is well-known that these respiratory viruses often infect infants and children, so this fact corroborates our observation of lower mean age for this group. Even though the allocation of pediatric (n = 3) and adolescent/adults (n = 2) patients in the OTHER groups could be considered a limitation of the study leading a remarkable impact on the results, according to the data presented in the Supplementary Figure 1, both the cytokines and SIgA analysis in this group, separated into two subgroups based on the age [C = children and infant (n = 3, with ages 0.6, 3, 3.3 years), and A = adolescent and adult (n = 2, with ages 14 and 32 years)] did not show significant statistical differences. Based on these findings, all the results in the OTHER groups were presented together.

In relation to the proportion of women and men, and also to the clinical symptoms, the Chi-square test did not show significant differences between the groups. It is also important to mention that Table 1 shows a similar occurrence of ARDS in the groups of patients infected by SARS-Cov-2 or by other viruses.

Regarding the results shown in Figure 1, as expected, the specific-SIgA levels in nasopharyngeal samples from the COVID-19 group were higher than the other patients' groups (vs. Negs - p = 0.02; vs. Others - p = 0.04, Figure 1A). In relation to the cytokine levels, higher levels of IFN-β (p = 0.03, Figure 1C) and IFN-γ (p = 0.04, Figure 1D) were observed in the COVID-19 group than the negative patients' group. Concerning the IL-12p70 levels, the group composed by patients who presented infection by other viruses showed higher levels of this cytokine than the COVID-19 group (p = 0.04, Figure 1E). No significant difference was found in relation to the other cytokines evaluated here.
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FIGURE 1. Comparison of the levels of SIgA levels (A), cytokine levels of interferon (IFN)-α (B), IFN-β (C), IFN-γ (D), interleukin (IL)-12p70 (E), IL-6 (F), IL-17 (G), IL-10 (H), and IL-37 (I) between negative, other viruses and COVID-19 groups. Values are presented in median and with respective quartile. Statistical analysis: Kruskal–Wallis with Dunn post hoc test level of significance was established at 5% (*p < 0.05; ***p < 0.001; ****p < 0.0001).


Based on the observation that the patients composing the COVID-19 group presented differences in the illness severity, as shown in Table 1, the importance in the evaluation of biological parameters studied here in separated groups of COVID-19 patients are guarantee. Therefore, we initially distributed these patients in two subgroups: mild COVID-19 group composed by the patients who presented mild symptoms (n = 24), and severe COVID-19 group composed by the patients who presented ARDS (n = 3). In addition, the findings that some patients in the mild COVID-19 group presented levels of SIgA below the threshold, whereas others presented levels of this antibody above the threshold, allowed us to separate the mild COVID-19 group in two subgroups: mild B group (n = 7), which were composed by mild COVID-19 group presenting SIgA levels below the threshold, and mild A group (n = 17), which were composed by mild COVID-19 group presenting SIgA levels above the threshold.

As shown in Figure 2, higher SIgA levels were found in the severe COVID-19 group than the others groups (vs. negative – p = 0.003; vs. others – p = 0.004; vs. mild B – p = 0.001; and vs. mild A – p < 0.0001). In addition, the mild A group showed increased SIgA levels as compared to the mild B (p = 0.0003), others (p = 0.002) and negative (p < 0.0001) groups (Figure 2A). Concerning the interferons levels, it was observed that the levels of IFN-α (Figure 2B), IFN-β (Figure 2C), and IFN-γ (Figure 2D) in the severe COVID-19 group were higher than in the mild B (p = 0.004, p = 0.009, and p = 0.02, respectively), others (p = 0.001, p = 0.04, and p = 0.0009, respectively) and negative (p = 0.006, p = 0.001, and p = 0.007, respectively) groups. In addition, the mild A group showed increased IFN-γ levels as compared to the others (p = 0.01) and negative (p = 0.002) groups (Figure 2D). In relation to the results about IL-10 levels, they were increased in the mild A group as compared to the mild B group (p = 0.04, Figure 2H). As shown in Figure 2I, higher IL-37 levels were found in the severe (p = 0.02) and mild A (p = 0.04) groups than in the mild B group.
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FIGURE 2. Comparison of the levels of SIgA levels (A), cytokine levels of interferon (IFN)-α (B), IFN-β (C), IFN-γ (D), interleukin (IL)-12p70 (E), IL-6 (F), IL-17 (G), IL-10 (H), and IL-37 (I) between negative, other viruses and mild B, mild A and severe COVID-19 groups. Values are presented in median and with respective quartile. Statistical analysis: Kruskal–Wallis with Dunn post hoc test level of significance was established at 5% (*p < 0.05; **p < 0.01; ***p < 0.001).


In order to better understand how the associations between the biological parameters related to the nasopharyngeal mucosa evaluated in this study could impact in the COVID-19 disease, we carried out the correlation statistical analysis. However, it is worth clarifying that this analysis was performed only in the groups with, at least, 5 individuals. So, it was not possible to show results about the correlation in the severe COVID-19 group.

In Table 2 are shown only the results with significant correlations. Whereas, no significant correlations were found in the negative group, a positive correlation between IL-6 and IL-17 was observed in the group infected by other viruses. Concerning the correlation analysis in mild A and mild B subgroups, some similar correlations were found in both. In this respect, were observed positive correlations between IFN-α and IFN-γ, IL-6 and IL-10, as well as between IFN-γ and IL-6 and IL-10. On the other hand, different significant correlations were observed in each subgroup. In relation to the mild B subgroup, the IL-37 levels showed significant positive correlations with IFN-α, IFN-γ, IL-6, and IL-10. To the mild A subgroup, were found significant positive correlations between IFN-β and IFN-α, IFN-γ, and IL-6 as well as between IL-6 and IL-10.


Table 2. Significant correlations between analysis of SIgA and cytokines of mild A, mild B COVID-19 and others groups.
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In Figure 3, an overview of all data found in this study are shown.
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FIGURE 3. Schematic representation of the main findings of this study. Dashed orange lines virus infection to each virus groups: OTHERS (other respiratory viruses, not SARS-Cov2), COVID-19 severity (Mild: mild symptoms and Severe: acute respiratory distress syndrome) and the respective subgroups. COVID-19 Mild A subgroup was composed of patients presenting SIgA levels above the threshold and the Mild B subgroup was composed of mild COVID-19 group presenting SIgA levels below the threshold. (A) Black arrows toward the boxes mean that the cytokines were released by the group/subgroup. The black arrow connecting the severe subgroup to SIgA indicates a higher increase in the antibody levels than observed in the Mild A subgroup which also presented increased levels. Yellow boxes are representing anti-inflammatory cytokines involved in the T regulatory response (Treg), while the purple boxes are representing the interferons, and the gray boxes indicate the t cell profile involved in the corresponding cytokine. (B) Representation of correlations observed in the study. Blue lines connecting the boxes mean that the parameters presented significant positive correlations between them. Orange boxes representing the pro-inflammatory cytokines and the green boxes corresponding to anti-inflammatory cytokines.




DISCUSSION

The results of this study showed, for the first time, that COVID-19 patients presented significant differences in the mucosal immune response as compared to patients with respiratory symptoms (with or without other virus infection), and also more significant differences between cytokines and SIgA in terms of COVID-19 severity. In relation to the comparison between the groups of patients with respiratory symptoms, COVID-19 patients showed higher levels of specific-SIgA, IFN-β and IFN-γ, and lower IL-12p70 than others groups. In addition, when COVID-19 patients were analyzed based on the illness severity (mild A, mild B, and severe) it was observed that severe COVID-19 group showed increased levels of SIgA, IFN-α, IFN-β, IFN-γ, and IL-37 as compared to the others groups. Concerning the results found in the mild COVID-19 subgroups, it was found that mild A group showed higher levels of SIgA, IL-10, and IL-37 than the mild B groups, as well as increased IFN-γ as compared to the negative and others groups.

Regarding the SIgA levels, it was reported that these antibodies present in the mucosa are closely associated with the severity of viral infection and the reduction of these levels can compromise severely the local immune response (13). So, the observation that COVID-19 patients with ARDS presented higher SIgA levels can reinforce the previous literature concerning other respiratory virus. Of note, the literature demonstrate that SIgA is an important tool for early detection of infections, normally, 1 day after the infection, whereas serum IgA and IgM can be detected after 3–5 days after the infection (30). In addition, salivary IgA can putatively provide better results than serum IgA and IgM in terms of early detection for infections (30, 31). In this respect, some evidence has indicated that this type of antibody is produced mainly by IgA-secreting cells located in the nasopharyngeal lymphoid tissue, such as NALT (8, 14). Especially, the mucosal immune system present naive B and T cells and effector B and T cells (32). So, in terms of upper respiratory tract, the inhaled antigens can be recognized by the local immune system resulting in diverse immune responses, including immune tolerance (8, 12). Oropharyngeal lymphoid tissues, which include the adenoid, palatine, and lingual tonsils (Waldeyer's ring), have an essential function in airways defense (14). In order to demonstrate the importance of nasopharyngeal lymphoid tissue in humans, the classical study performed by Ogra (33) reported a significant reduction of poliovirus-specific SIgA levels in airway secretions in children submitted to tonsillectomy. It was also reported that children with tonsils presented higher antibody levels (two to five times higher) in nasopharyngeal secretions than children whose tonsils were removed (33).

Although the SIgA present a central role for the mucosal immunity, our results showing that SIgA levels were higher in ARDS group, can raise a question until now not settled: are specific SIgA to SARS-Cov-2 able to control this infection? At this point, our findings only allow us to suggest that SIgA levels may be associated with the severity of COVID-19 and not with the resolution of the infection since we were unable to assess the neutralizing capacity of this antibody, which is a limitation of this study and should be addressed in further studies. As appealing as the evaluation of SIgA could be in terms of mucosal immunity against virus infections, the analysis of cytokines in the mucosa can amplify the comprehension of the immune/inflammatory responses involved in this context. In this sense, it is noteworthy to highlight that a significant correlation was observed between SIgA levels and the cytokine IL-17 in the group of mild COVID-19.

It should be emphasized that the cytokine IL-17 is a corollary interleukin involved in the Th17 immune response. At this point, several studies have been demonstrated that Th17 presents an essential role in the mucosal immunity against, both extracellular and intracellular, pathogens (15). This immune profile can participate in the upper and lower airways mucosal immunity improving the protection together with the specific-SIgA response (15). The best proofs for this crucial role are that IL-17 neutralization impaired the mucosal protective immunity induced by nasal vaccination and that CD4+ cells secreting IL-17 were found after influenza infection (15, 34, 35). Therefore, our finding that a significant positive correlation between the levels of IL-17 and specific-SIgA for SARS-CoV-2 can reinforce the close association of these both immunological molecules in the mucosal immunity, corroborating pieces of information described above. However, concerning the betacoronavirus infection, the literature has pointed out that elevation in the IL-17 plasma levels was associated with the acute respiratory distress syndrome (ARDS) development (36). It is worthying to clarify that plasmatic IL-17, together with other pro-inflammatory cytokines, is involved in the MERS-CoV, SARS-CoV, and SARS-CoV-2 cytokine storm, a situation evidenced during the occurrence of ARDS (37, 38). These data showed a dichotomy of actions regarding the IL-17 in the COVID-19 since this cytokine has a crucial role by improving the mucosal protective immunity, but, systemically, higher levels of the same cytokine can be involved in the worst picture involved in the COVID-19. In the meantime, we observed that the IL-17 levels showed a significant correlation with IL-6 levels in the group of patients with other respiratory viruses, which was not found in the COVID-19 groups. According to the literature, the cytokine IL-6 has participation in the Th17 immune response, so this positive correlation corroborates the literature (39, 40). In a different way, the same correlation was not found in the SARS-CoV-2 infection, which can allow us to suggest that the SARS-CoV-2 infection can elicit a different way of mucosal protective immunity.

In relation to the IL-6 actions in the mucosal immune/inflammatory responses, our group has shown that the higher expression of this cytokine is a hallmark involved in the occurrence of different symptoms in the upper airways (41, 42). In addition, we also were able to demonstrate that the optimal control of IL-6 release in the mucosa by IL-10 can putatively avoid the upper the manifestation of upper airway symptoms (41, 42). Therefore, these data can corroborate our finding that the IL-6 levels were not different between all groups (negative, others, and COVID-19 groups) since the IL-10 levels obtained in this study could contribute to the mucosal inflammatory control. At this point, we would like to highlight that a significant positive correlation was verified in the mild A COVID-19 subgroup, which corroborates this effective modulation of mucosal inflammation. Take in account this idea, it would be expected that severe COVID-19 group showed imbalance between higher IL-6 levels and/or lower IL-10 levels, showing an impairment control of inflammation, which was associated with increased upper airway symptoms, as observed in our previous studies (11, 41–43). Interestingly, recent studies have demonstrated that in the cytokine storm, a situation observed in severe COVID-19, the systemic levels of IL-6 and IL-10 are increased in the same way (7, 44). However, in the literature, there is no doubt, that the levels of systemic cytokines are not reflected in the levels of mucosal cytokines, showing specific immune/inflammatory responses in these different compartments (11, 42, 45).

It is widely accepted that IL-10 is a classical anti-inflammatory cytokine (46) that acts not only modulating several inflammatory responses but also inducing CD4+ cells to acquire a specific immunological profile, such as T regulatory (Treg) (41, 42). As previously cited in the upper airway this cytokine is associated with the reduced incidence of symptoms, and also it was reported that the lack of IL-10 compromised the development of an effective immune response during influenza infection (17). Here, we found increased IL-10 levels in the mild A COVID-19 subgroup as compared to the mild B COVID-19 subgroup. This scenario can be related to the necessity to inhibit an exacerbation of inflammation in the airway's mucosa, which could lead to a dysregulated local immune response to SARS-CoV-2 infection. Corroborating this suggestion, a positive correlation was found between IL-10 and IFN-α and IFN-γ in both mild COVID-19 subgroups.

In the literature, there is a handful of data that shows the role of interferons in the coronavirus infection. The main findings evidenced that both type I interferon (IFN-α and IFN-β) and type II interferon (IFN-γ) levels raised after MERS-CoV and SARS-CoV infection, in order to induce a host defense mechanism against virus due to its strong capacity to inhibit the replication of coronaviruses (16, 47, 48). According to the review published by Jafarzadeh et al. (49), in SARS-CoV-2 infection, the IFNs response in the upper airways, in a general way, is able to drive to the viral elimination accompanied or not with mild/moderate symptoms. However, in some individuals, the SARS-CoV-2 infection can evade this antiviral IFN response, and then, spread in the body, which can elicit the exacerbated production of proinflammatory cytokines, a situation named cytokine storm. In this sense, Hadjadj et al. (50) reported that whereas in patients with severe and critical SARS-CoV-2 infection the systemic proinflammatory cytokines levels are increased, IFNs response is decreased.

It is of utmost to point out that the data presented by Hadjadj et al. (50) in which the IFNs response is significantly reduced in both severe and critical COVID-19 patients is associated with systemic evaluations and the time-point assessed was from 8 to 17 days after onset symptoms. Here, our results showing that severe COVID-19 patients presented higher levels of IFNs response in the nasal mucosa in an earlier time-point (1–5 days) can illuminate the way to improve the knowledge on the SARS-CoV-2 infection. In this sense, whereas it was documented that type I IFNs can improve not only anti-viral immunity but also evoked an inflammatory response, which is essential for respiratory mucosa protection (51, 52), it is paramount to better understand that, similarly to other pro-inflammatory cytokines, such as IL-6, higher levels of interferons in the airways mucosa becomes a trigger and sustainer of local inflammation, thus fueling a vicious-circle exacerbating mucosal inflammation (16, 53–55), which could putatively lead to a disturbs in the protective immune response in the mucosa. Particularly, in this study, higher interferon levels were observed in the severe COVID-19 group, in special, as compared to the mild B COVID-19 subgroup.

Besides the result described above, different correlations were observed between interferons and the other cytokines evaluated in the mild COVID-19 groups. In this respect, the mild A COVID-19 subgroup showed significant positive correlations between all interferons and between IL-6 and all interferons. Interestingly, IL-10 showed significant positive correlations only with IFN-α and IFN-γ, but not with IFN-β. Although these data should be analyzed with care, the lack of correlation between IL-10 and IFN-β can putatively indicate that the IFN-β release was not impacted by the IL-10 in order to guarantee an appropriate mucosal immune response against the SARS-CoV-2 infection in this group, since IFN-β, due to its stronger hydrophobicity, has a superior capacity to inhibit coronavirus replication than the other interferons (47).

Regarding the mild B COVID-19 subgroup, it was observed significant positive correlations between IFN-α and IFN-γ, and also between these interferons and IL-6 and IL-10. In addition, comparing the significant correlations observed in the mild COVID-19 groups, we highlighted above that the lack of correlations between IL-10 and IFN-β could favor the mucosal immune response in the mild A COVID-19 subgroup. However, in relation to the group mild B COVID-19 subgroup, it is possible to highlight other significant positive correlations between IL-37 and the cytokines IFN-α, IFN-γ, IL-6, and IL-10.

The cytokine IL-37 is attracting growing interest in the scientific and clinical fields due to its ability to suppress both innate and acquired immune response as well as to inhibit inflammation (53, 56, 57). Several studies have demonstrated that IL-37 can be a powerful cytokine to control the exacerbated inflammatory response in the airway's mucosa, as observed in asthma and allergic rhinitis (58–60). Indeed, the release of this cytokine in the mucosa can create a favorable environment to the maintenance of appropriated mucosal immune response. Based on these properties, we can putatively suggest that the positive correlations between IL-37 and other cytokines lead to the control of mucosal inflammatory response in the mild B COVID-19 subgroup. In the same way, the higher IL-37 levels observed in both severe and mild A COVID-19 subgroups could be involved in a mechanism of inflammatory control in the airways mucosa. The immunosuppressive signature attributed to IL-37 has been attracting attention in terms of COVID-19, since some authors have proposed that its use could minimize the inflammation associated with SARS-CoV-2 infection, including the cytokine storm (53, 57).

Beyond these very important results described above, it is important to mention that the group infected with other viruses showed higher IL-12p70 levels in comparison to the COVID-19 group. In agreement with the literature, IL-12p70 can inhibit the early virus replication, can contribute to the induction of IFN-γ, and can be involved in the activation of NK cells and T lymphocytes, especially type I T helper cells (Th1) (61, 62). Therefore, this cytokine could be involved in the activation of protective immunity in this group. Corroborating this prominent activation of a mucosal immune response, it was found a significant positive correlation between IFN-α and IFN-β, which, in accordance to described above, both of these cytokines are involved in the protection against the virus infection (16, 47, 48).

Based on these distinct patterns of cytokines released by these groups, we can suggest that there are significant differences between the immune/inflammatory response in the airway's mucosa in different groups of patients presenting or not respiratory virus infection.

In conclusion, COVID-19 infected patients display a different upper airway mucosal immune response compared with other groups of patients presenting or not respiratory virus infection, evidenced by changes in the levels of SIgA and cytokines, which present a correlation with the progression and severity of COVID-19.
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