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Abstract

:

Innate immune response, especially type 1 interferon (IFN) response is considered to play a substantial role in the outcome of SARS-CoV-2 infection. A reduced and delayed IFN response has been associated with progression to severe COVID-19. In this study, we investigated levels of circulating IFNα and serum neutralizing activity in COVID-19 patients admitted to the intensive care unit. We found a significant association of levels of IFNα with age (p = 0.007). This association has also been observed in a cohort of COVID-19 outpatients with mild infection (p = 0.02). The impact of senescence on IFN response can explain the higher susceptibility of the elderly to severe COVID-19.
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1. Introduction


The COVID-19 pandemic has strained healthcare systems worldwide. A major challenge has been management of the overwhelming influx of severe COVID-19 patients in hospitals, and especially the intensive care units (ICU). The pathogenesis of severe COVID-19 is complex and combines factors such as hyperinflammatory responses and alterations in coagulation. Several clinical predictors of disease severity have been described such as older age, pre-existing comorbidities and hypoxia. Some markers of organ dysfunction (such as those of the heart, liver and kidneys) and non-specific markers including blood cells or coagulation abnormalities and levels of various cytokines have also been associated to severe disease [1].



Despite significant variability in the severity of clinical presentation, the patterns of antiviral response probably impact the outcome of SARS-CoV-2 infection and the related immunopathogenesis [2].



Disease severity is correlated with a dysregulated innate immune response, including a limited and delayed type I interferon (IFN) response relative to symptom onset, which probably results in high viral replication and production of an exuberant inflammatory response [3]. Several studies have revealed an impaired type 1 IFN response in severe COVID-19 patients [4,5,6].



Alterations in adaptive immunity including T cell responses and levels of neutralizing antibodies have also been described during severe COVID-19 [2].



In this study we investigated serum levels of IFNα and neutralizing antibodies, and associated factors in COVID-19 patients admitted to the ICU. In addition, serum levels of IFNα were studied in a cohort of COVID-19 mild outpatients.




2. Materials and Methods


2.1. Patients and Samples


This was a single center study conducted at the University Hospital of Lille (France). Two groups of patients were included in the study:




	(i)

	
patients admitted to the ICU for COVID-19 between March and June 2020 with a positive SARS-CoV-2 RT-PCR result using nasopharyngeal and/or lower respiratory samples and a serum sample available within 7 days upon admission and




	(ii)

	
COVID-19 outpatients with recent infection (diagnosis within 7 days after symptoms onset), and with a serum sample collected on the same day when the nasopharyngeal specimen collected and tested positive for SARS-CoV-2.









The study was conducted in the frame of the Lille COVID Research Network (LICORNE) approved by the French Institutional Authority for Personal Data Protection (Commission Nationale de l’Informatique et des Libertés DR-2020-178, 22 October 2020) and the ethics committee (ECH20/09, 7 September 2020).




2.2. Laboratory Methods


Various validated commercial RT-PCR assays were used for routine diagnosis of SARS-CoV-2 infection.



Anti-SARS-CoV-2 antibodies were investigated using WANTAI SARS-CoV-2 Ab enzyme-linked immunoassay (Eurobio Scientific, Les Ulis, France), which detects anti-S total antibodies.



IFNα was measured using the IFNα pan-specific ELISA kit (Mabtech®, Sophia Antipolis, France) that allows detection of subtypes 1/13, 2, 4, 5, 6, 7, 8, 10, 14, 16 and 17 of IFNα. The limit of detection was 7 pg/mL.



Neutralizing antibodies were investigated using a live virus neutralization assay. Briefly, serial 2-fold dilutions of the serum (starting from 1:10) were incubated at 37 °C for 1 h with 100 TCID50 of virus, and the mix was added to Vero E6 cell monolayers cultured in a 96-well plate. The cytopathic effect was recorded after 3 days, and the serum virus neutralization titer (VNT50) was defined as the reciprocal value of the highest dilution that showed at least 50% protection of cells. A sample with a titer ≥ 20 was defined as positive. A 20A EU2 clade SARS-CoV-2 clinical isolate (GISAID accession reference EPI_ISL_1653927) was used in all experiments. This clade was the most predominant in France during the inclusion period.




2.3. Statistical Analysis


GraphPad Prism version 5 (GraphPad, San Diego, CA, USA) and IBM SPSS Statistics 22 (IBM Corp., Armonk, NY, USA) softwares were used for statistical analyses. Data are presented as median and interquartile range (IQR) or as percentage. Multiple linear regression was used to identify factors associated with the levels of IFNα or neutralizing antibodies. The Mann–Whitney U test was used to compare two quantitative variables. A two-sided p-value < 0.05 indicated statistical significance.





3. Results


A total of 82 COVID-19 confirmed patients admitted to the ICU were included in the analysis. The median age was 60.5 years, and 75.6% were men. The median delay since symptoms onset was 13 days before admission, and patients were hospitalized for an average of 2 weeks in the ICU. A few patients received antiviral drugs as part of their treatment including Lopinavir/ritonavir (n = 14) and remdesivir (n = 2). Regarding the outcome 1 month (day 30) post-admission, a total of 20 deaths were recorded. Serum samples were collected 3 days (median) after the positive SARS-CoV-2 RT-PCR result. The characteristics of patients are detailed in Table 1.



Anti-SARS-CoV-2 antibodies were detected in all serum samples except in that of one patient whose sample was collected 11 days post-symptom onset.



IFNα was detectable (≥7 pg/mL) in 73 patients (89%). The median concentration was 196 (IQR: 33.2–702.4) pg/mL.



Age was significantly associated with IFNα levels (p = 0.007; Table 2). In addition, when patients were divided into two groups on either side of the median age, IFNα levels were found to be significantly lower in older patients than in younger patients (88.6 versus 295.4 pg/mL, p = 0.008).



A trend of association was found between IFNα levels and mortality at 1 month, but it did not reach statistical significance (p = 0.07). Similarly, the levels of IFNα were lower in patients with evolution to death at 1 month (106.5 versus 230.6 pg/mL), but the difference was not significant (p = 0.09).



A serum neutralizing activity was recorded in 52 patients (63.4%). The median neutralizing titer (NT50) was 40 (IQR: 20–100). The specificity of the assay was assessed using sera collected from 20 non-COVID ICU patients, and NT50 was < 20 in all samples.



Using linear regression, serum neutralizing titers were found to be associated only with body mass index (BMI) (p = 0.03; as shown in Table 3). However, when patients were divided into non-obese (BMI < 30) and obese (BMI ≥ 30) groups, the median neutralizing titers were similar in both groups (168.4 versus 230.6 pg/mL, p = 0.13).



To confirm the association between age and IFNα levels, we determined IFNα levels in 177 COVID-19 outpatients with mild infection. The serum sample and the nasopharyngeal specimen were collected on the same day. All patients were aged ≤60 years with a median age of 33 (IQR: 27–44) years. SARS-CoV-2 infection was diagnosed within the first 7 days after symptom onset (median: 2 days). The median Ct value on RT-PCR using nasopharyngeal specimens was 19.4 (IQR: 16.7–23.6).



All SARS-CoV-2 antibody test results were negative, in agreement with a recent infection.



IFNα was detected in sera from 153 patients (86.4%) with a median concentration at 98.4 (IQR: 20.8–390.6) pg/mL. As summarized in Table 4, IFNα levels were not correlated with sex, the viral load (Ct values) in nasopharyngeal specimens and the time since symptom onset (p = 0.88, 0.54 and 0.43, respectively). However, a significant association was found between IFNα levels and age (p = 0.002).



In addition, when patients were divided in two groups on either side of the median age, IFNα levels were significantly lower in the older group than in the younger group (46.5 versus 164.5 pg/mL, p = 0.0006).




4. Discussion


Immune response plays undoubtedly a major role in the pathogenesis of COVID-19. Appropriate innate immune response and especially early type I and III IFN responses can control SARS-CoV-2 replication and reduce virus-related pathogenic mechanisms [2]. Therefore, despite great interindividual variability in IFN responses, its protective role during SARS-CoV-2 acute infection is strongly suggested [3].



In this study, we investigated circulating IFNα levels and associated factors in COVID-19 patients.



IFNα was detected in most ICU patients; however, since admission to the ICU occurred several days after onset, this production might not reflect the early response. The median age in the low IFN group was significantly higher than that in the high IFN group, thus supporting reduced IFN production in older patients.



The link between advanced age and severe COVID-19 or mortality has been clearly shown [7]. The factors explaining this association probably include the impact of senescence on immune response. The mechanisms of impaired IFN production can be related to the host or virus (evasion mechanisms). Aging has been previously reported to impact IFN response during viral infections [8,9], and this can explain the higher susceptibility of the elderly to severe COVID-19 [10].



Although this association appears physiologically well known, no previous report has clearly described the correlation between age and circulating levels of IFNα. In our study, this relationship was strong because beyond ICU critical patients, it was also found in the cohort of mild COVID-19 outpatients. More interestingly, all patients in this cohort were aged ≤ 60 years, and no correlation was found with estimated viral loads, or with time since symptom onset.



Several other host factors can alter IFN production during SARS-CoV-2 infection. For example, studies have revealed that individuals with inborn errors in type I IFN-related genes are at greater risk of developing severe COVID-19 [11,12,13]. In addition, autoantibodies against type I IFN were found in 10% of patients with severe COVID-19, and not in those with mild/asymptomatic disease [14], and the prevalence of these autoantibodies was higher in older patients [15].



IFNα levels seemed to be lower in ICU patients with a poorer prognosis. The lack of strong association may be related to the limited size of our study population. However, despite the likely protective role of IFN, data are still conflicting regarding the association between IFN levels and the outcome of SARS-CoV-2 infection. A recent meta-analysis on circulating IFNα in COVID-19 patients concluded that peripheral IFNα cannot be used as a severity marker [16]. In fact, the outcome relies not only on IFNα levels but also on other factors such as the timing of production.



In this study, we also investigated serum neutralizing activity in COVID-19 ICU patients. Significant levels of neutralizing antibodies were found in more than 40% of patients, but no association with the outcome was observed. The very few data available on anti-SARS-CoV-2 neutralizing antibodies in ICU patients support that neutralizing antibody titers are strongly correlated with disease severity, because ICU patients exhibited higher nAb titers than non-ICU or outpatients with milder disease symptoms [17,18]. This observation suggests that the robust neutralizing observed in these patients does not confer protection against progression to severe COVID-19 [17].



Our study has some limitations. Firstly, the number of ICU patients was limited and might not allow to draw conclusions regarding the outcome. We also focused on IFNα levels only. The investigation of the other type I and type III IFN could provide a more complete picture of the antiviral innate response.



In conclusion, IFNα production is induced in most mild or critical COVID-19 patients, and the levels are negatively associated with age. The reduced IFNα early response may explain in part the susceptibility of older patients to more severe disease.



This finding highlights the possibility of the administration of type I IFN as a therapeutic approach in these patients. Early trials using subcutaneous injection of IFNβ reported promising results [19,20] but the recent WHO Solidarity Trial did not find an impact on mortality or hospitalization duration [21]. The effectiveness of this type of treatment and the profile of patients which might benefit from it require further studies.







Author Contributions


Conceptualization, E.K.A.; methodology, M.H., A.R. and M.O.; formal analysis, E.K.A.; investigation, M.P.N., F.S., J.P. and D.H.; writing—original draft preparation, E.K.A.; writing—review and editing, E.K.A., M.H., A.R., M.O., M.P.N., F.S., J.P. and D.H. LICORNE: data collection. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by I-SITE, Université de Lille Nord-Europe and CHU de Lille, grant number ALIE01F2004C0369.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki. The study was conducted in the frame of the Lille COVID Research Network (LI-CORNE) approved by the French Institutional Authority for Personal Data Protection (Commission Nationale de l’Informatique et des Libertés DR-2020-178, 22 October 2020) and the ethics committee (ECH20/09, 7 September 2020).




Informed Consent Statement


Patient consent was waived by the ethics committee due to the retrospective nature of the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


We thank Jennifer Varghese for English Language Editing. The authors wish to acknowledge the contribution of the members of the Lille COVID Research Network during the pandemic. Comed: Lambert, Marc; Yelnik, Cécile; Pokeerbux, Ryad; Andre, Loïc; Bakhache, Edgar; Scherpereel, Arnaud; Desbordes, Jacques; Bautin, Nathalie; Fry, Stéphanie; Duthoit, Louise; Duhamel, Nicolas; De Groote, Pascal; Pusieux, François; Gaxatte, Cédric; Beuscart, Jean-Baptiste; Charpentier, Anne; Emergency Department: Golstein, Patrick; Facon, Alain; Vanheems, Francois; Cuny, Jerome; Joly, Roch; Wiel, Eric; Charbonnier Dinner, Leslie; Pegorado, Vincent; Surgical Critical Care, Department of Anesthesiology and Critical Care: Kipnis, Eric; Boyer-Besseyre, Marielle; Boulo, Marie; Bignon, Anne; Bortolotti, Perrine; Fajardy, Marion; Post-operative Intensive Care, Department of Anesthesiology and Critical Care: Lebuffe, Gilles; Fackeure, Remi; Carpentier, Laurent; Andrieu, Gregoire; Capron, Benoit; Onimus, Jerome; Sanders, Virginie; Jeanneteau, Antoine; Amroun, Djihad; Réanimation SALENGRO, Intensive Care Department: Boddaert, Pauline; Caplan, Morgan; Cousin, Nicolas; Duburcq, Thibault; Durand, Arthur; El Kalioubie, Ahmed; Favory, Raphael; Girardie, Patrick; Goutay Julien; Houard, Marion; Jailliette, Emmanuelle; Jourdain, Mercedes; Ledoux, Goeffrey; Mathieu, Daniel; Moreau, Anne-Sophie; Nigeon, Olivier; Niles, Christopher; Nseir, Saad; Onimus, Thierry; Parmentier, Erika; Poissy, Julien; Preau, Sébastien; Robriquet, Laurent; Rouze, Anahita; Simmonet, Arthur; Six, Sophie; Toussaint, Aurélia; Surgical Emergency Department, Department of Anesthesiology and Critical Care: Garrigue, Delphine; Lallemant, Florence; Rohn, Aurelien; Henry, Lois; Bijok, Benjamin; Strecker, Guillaume; Josefowicz; Tavernier, Benoit; Josefowicz, Elsa; Devauchelle, Pauline; Cardiothoracic Anesthesia and Intensive Care, Department of Anesthesiology and Critical Care: Robin, Emmanuel; Decoene, Christophe; Ait Ouarab, Slimane; Moussa, Mouhammed; Joulin, Olivier; Leroy, Guillaume; Gantois, Guillaume; Brandt, Caroline; Saddouk, Noredine; Dupre, Celine; Leroy, Xavier; Marie, Raphael; Liu, Vincent; Foulon, Valentin; Massias, Sylvain; Rytter, Nicolas; Deblauwe, Delphine; Pettigand, Vincent; Muller, Christophe; Desbordes, Jacques; Dusson, Catherine; Centre de Biologie Pathologie: Brousseau, Thierry; Hémostase—Inserm U1011-EGID: Susen, Sophie; Rauch, Antoine; Lassalle, Fanny; Dupont, Annabelle; Corseaux, Delphine; Jeanpierre, Emmanuelle; Bauters, Anne; Trillot, Nathalie; Immunologie—Inserm 1286: Labalette, Myriam; Lefevre, Guillaume; Demaret, Julie; Varlet, Pauline; Bou Saleh, Mohamed; Virologie—ULR3610: Bocket, Laurence; Alidjinou, Enagnon Kazali; Prevost, Brigitte; Lazrek, Mouna; Tinez, Claire; Milliere, Laurine, Bouarouro, Youssef, Engelmann, Ilka; Hober, Didier; Institut de Microbiologie: Sendid, Boualem; Hématologie: Nibourel, Olivier; Hémostase/Pole BPG: Tournoy, Antoine; Anatomo-pathologie: Copin, Marie-Christine; Dubois, Romain; Gibier, Jean-Baptiste; Gnemmi, Viviane; Humez, Sarah; Kadri, Malik; Leteurtre, Emmanuelle; Perbet, Romain; Centre de Ressources Biologiques/DRI: Deplanque, Dominique; Service de maladies infectieuses et tropicales: Dozier, Aurélie; Assaf, Ady; Chopin, Marie-Charlotte; Faure, Emmanuel; Vuotto, Fanny; Panaget, Sophie; Faure, Karine; Leroy, Clara; Prasivoravong, Julie; Berthon, Céline; Goursaud, Laure; Provot, François; Lenci, Hélène; Bervar, Jean-François; Prevotat, Anne.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Marin, B.G.; Aghagoli, G.; Lavine, K.; Yang, L.; Siff, E.J.; Chiang, S.S.; Salazar-Mather, T.P.; Dumenco, L.; Savaria, M.C.; Aung, S.N.; et al. Predictors of COVID -19 severity: A literature review. Rev. Med. Virol. 2021, 31, 1–10. [Google Scholar] [CrossRef]

	



Ricci, D.; Etna, M.; Rizzo, F.; Sandini, S.; Severa, M.; Coccia, E. Innate Immune Response to SARS-CoV-2 Infection: From Cells to Soluble Mediators. Int. J. Mol. Sci. 2021, 22, 7017. [Google Scholar] [CrossRef]

	



Lowery, S.A.; Sariol, A.; Perlman, S. Innate immune and inflammatory responses to SARS-CoV-2: Implications for COVID-19. Cell Host Microbe 2021, 29, 1052–1062. [Google Scholar] [CrossRef]

	



Hadjadj, J.; Yatim, N.; Barnabei, L.; Corneau, A.; Boussier, J.; Smith, N.; Péré, H.; Charbit, B.; Bondet, V.; Chenevier-Gobeaux, C.; et al. Impaired type I interferon activity and inflammatory responses in severe COVID-19 patients. Science 2020, 369, 718–724. [Google Scholar] [CrossRef]

	



Contoli, M.; Papi, A.; Tomassetti, L.; Rizzo, P.; Sega, F.V.D.; Fortini, F.; Torsani, F.; Morandi, L.; Ronzoni, L.; Zucchetti, O.; et al. Blood Interferon-α Levels and Severity, Outcomes, and Inflammatory Profiles in Hospitalized COVID-19 Patients. Front. Immunol. 2021, 12, 648004. [Google Scholar] [CrossRef]

	



Galani, I.-E.; Rovina, N.; Lampropoulou, V.; Triantafyllia, V.; Manioudaki, M.; Pavlos, E.; Koukaki, E.; Fragkou, P.C.; Panou, V.; Rapti, V.; et al. Untuned antiviral immunity in COVID-19 revealed by temporal type I/III interferon patterns and flu comparison. Nat. Immunol. 2020, 22, 32–40. [Google Scholar] [CrossRef] [PubMed]

	



Pijls, B.G.; Jolani, S.; Atherley, A.; Derckx, R.T.; Dijkstra, J.I.R.; Franssen, G.H.L.; Hendriks, S.; Richters, A.; Venemans-Jellema, A.; Zalpuri, S.; et al. Demographic risk factors for COVID-19 infection, severity, ICU admission and death: A meta-analysis of 59 studies. BMJ Open 2021, 11, e044640. [Google Scholar] [CrossRef] [PubMed]

	



Agrawal, A. Mechanisms and Implications of Age-Associated Impaired Innate Interferon Secretion by Dendritic Cells: A Mini-Review. Gerontology 2013, 59, 421–426. [Google Scholar] [CrossRef] [PubMed]

	



Stout-Delgado, H.; Yang, X.; Walker, W.E.; Tesar, B.M.; Goldstein, D.R. Aging Impairs IFN Regulatory Factor 7 Up-Regulation in Plasmacytoid Dendritic Cells during TLR9 Activation. J. Immunol. 2008, 181, 6747–6756. [Google Scholar] [CrossRef]

	



Perrotta, F.; Corbi, G.; Mazzeo, G.; Boccia, M.; Aronne, L.; D’Agnano, V.; Komici, K.; Mazzarella, G.; Parrella, R.; Bianco, A. COVID-19 and the elderly: Insights into pathogenesis and clinical decision-making. Aging Clin. Exp. Res. 2020, 32, 1599–1608. [Google Scholar] [CrossRef]

	



Zhang, Q.; Bastard, P.; Liu, Z.; Le Pen, J.; Moncada-Velez, M.; Chen, J.; Ogishi, M.; Sabli, I.K.D.; Hodeib, S.; Korol, C.; et al. Inborn errors of type I IFN immunity in patients with life-threatening COVID-19. Science 2020, 370, eabd4570. [Google Scholar] [CrossRef]

	



Meyts, I.; Bucciol, G.; Quinti, I.; Neven, B.; Fischer, A.; Seoane, E.; Lopez-Granados, E.; Gianelli, C.; Robles-Marhuenda, A.; Jeandel, P.-Y.; et al. Coronavirus disease 2019 in patients with inborn errors of immunity: An international study. J. Allergy Clin. Immunol. 2021, 147, 520–531. [Google Scholar] [CrossRef] [PubMed]

	



Van Der Made, C.I.; Simons, A.; Schuurs-Hoeijmakers, J.; van den Heuvel, G.; Mantere, T.; Kersten, S.; Van Deuren, R.C.; Steehouwer, M.; Van Reijmersdal, S.V.; Jaeger, M.; et al. Presence of Genetic Variants Among Young Men With Severe COVID-19. JAMA J. Am. Med. Assoc. 2020, 324, 663–673. [Google Scholar] [CrossRef]

	



Bastard, P.; Rosen, L.B.; Zhang, Q.; Michailidis, E.; Hoffmann, H.-H.; Zhang, Y.; Dorgham, K.; Philippot, Q.; Rosain, J.; Béziat, V.; et al. Auto-antibodies against type I IFNs in patients with life-threatening COVID-19. Science 2020, 370, eabd4585. [Google Scholar] [CrossRef]

	



Bastard, P.; Gervais, A.; Le Voyer, T.; Rosain, J.; Philippot, Q.; Manry, J.; Michailidis, E.; Hoffmann, H.-H.; Eto, S.; Garcia-Prat, M.; et al. Autoantibodies neutralizing type I IFNs are present in ~4% of uninfected individuals over 70 years old and account for ~20% of COVID-19 deaths. Sci. Immunol. 2021, 6, eabl4340. [Google Scholar] [CrossRef] [PubMed]

	



da Silva, R.P.; Gonçalves, J.I.B.; Zanin, R.F.; Schuch, F.B.; de Souza, A.P.D. Circulating Type I Interferon Levels and COVID-19 Severity: A Systematic Review and Meta-Analysis. Front. Immunol. 2021, 12, 657363. [Google Scholar] [CrossRef] [PubMed]

	



Legros, V.; Denolly, S.; Vogrig, M.; Boson, B.; Siret, E.; Rigaill, J.; Pillet, S.; Grattard, F.; Gonzalo, S.; Verhoeven, P.; et al. A longitudinal study of SARS-CoV-2-infected patients reveals a high correlation between neutralizing antibodies and COVID-19 severity. Cell. Mol. Immunol. 2021, 18, 318–327. [Google Scholar] [CrossRef] [PubMed]

	



Liu, L.; To, K.K.-W.; Chan, K.-H.; Wong, Y.-C.; Zhou, R.; Kwan, K.-Y.; Fong, C.H.-Y.; Chen, L.-L.; Choi, C.Y.-K.; Lu, L.; et al. High neutralizing antibody titer in intensive care unit patients with COVID-19. Emerg. Microbes Infect. 2020, 9, 1664–1670. [Google Scholar] [CrossRef]

	



Hung, I.F.-N.; Lung, K.-C.; Tso, E.Y.-K.; Liu, R.; Chung, T.W.-H.; Chu, M.-Y.; Ng, Y.-Y.; Lo, J.; Chan, J.; Tam, A.R.; et al. Triple combination of interferon beta-1b, lopinavir–ritonavir, and ribavirin in the treatment of patients admitted to hospital with COVID-19: An open-label, randomised, phase 2 trial. Lancet 2020, 395, 1695–1704. [Google Scholar] [CrossRef]

	



Davoudi-Monfared, E.; Rahmani, H.; Khalili, H.; Hajiabdolbaghi, M.; Salehi, M.; Abbasian, L.; Kazemzadeh, H.; Yekaninejad, M.S. A Randomized Clinical Trial of the Efficacy and Safety of Interferon β-1a in Treatment of Severe COVID-19. Antimicrob. Agents Chemother. 2020, 64, 01061-20. [Google Scholar] [CrossRef]

	



WHO Solidarity Trial Consortium; Pan, H.; Peto, R.; Henao-Restrepo, A.-M.; Preziosi, M.-P.; Sathiyamoorthy, V.; Abdool Karim, Q.; Alejandria, M.M.; Hernández García, C.; Kieny, M.-P.; et al. Repurposed Antiviral Drugs for COVID-19—Interim WHO Solidarity Trial Results. N. Engl. J. Med. 2021, 384, 497–511. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Patients’ characteristics.






Table 1. Patients’ characteristics.









	Characteristics
	





	Median age, years (IQR)
	60.5 (51–70)



	Sex (% of male)
	75.6



	Median body mass index (IQR)
	29.7 (26–35)



	Delay between admission and serum sample collection, days (IQR)
	3 (2–5)



	Delay since symptom onset, days (IQR)
	13 (10–16)



	Stay length in the intensive care unit, days (IQR)
	14 (7–23.75)



	Comorbidities, number (IQR)
	1 (0–2)



	Invasive ventilation (%)
	72.8



	Antiviral therapy (%)
	19.8



	Death at 1 month (%)
	24.4
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Table 2. Factors associated with IFNα levels in ICU patients (linear regression).






Table 2. Factors associated with IFNα levels in ICU patients (linear regression).





	Characteristics
	β Coefficient
	p Value





	Age
	−0.363
	0.007



	Sex
	0.089
	0.47



	Body mass index
	0.200
	0.13



	Delay between admission and serum sampling
	0.067
	0.59



	Delay since symptom onset
	−0.096
	0.44



	Stay length in ICU
	−0.153
	0.30



	Comorbidities
	−0.074
	0.56



	Invasive ventilation
	0.080
	0.61



	Antiviral therapy
	−0.107
	0.37



	Death at 1 month
	0.230
	0.07
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Table 3. Factors associated with neutralizing antibody titers in ICU patients (linear regression).






Table 3. Factors associated with neutralizing antibody titers in ICU patients (linear regression).





	Characteristics
	β Coefficient
	p Value





	Age
	−0.226
	0.089



	Sex
	0.066
	0.596



	Body Mass Index
	0.292
	0.031



	Delay between admission and serum sampling
	0.212
	0.095



	Delay since symptoms onset
	0.169
	0.184



	Stay length in ICU
	−0.01
	0.948



	Comorbidities
	−0.059
	0.641



	Invasive ventilation
	0.031
	0.843



	Antiviral therapy
	−0.048
	0.688



	Death at 1 month
	−0.038
	0.761










[image: Table] 





Table 4. Factors associated with IFNα levels in COVID-19 outpatients (linear regression).






Table 4. Factors associated with IFNα levels in COVID-19 outpatients (linear regression).





	Characteristics
	β Coefficient
	p Value





	Age
	−0.24
	0.002



	Sex
	0.011
	0.88



	Ct value in nasopharyngeal specimens
	−0.047
	0.54



	Delay since symptoms onset
	−0.062
	0.43
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