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OM-85 is a bacterial lysate from common respiratory tract pathogens, with an excellent safety profile, widely used to prevent recurrent respiratory tract infections. Several studies have been reporting the immunomodulating properties and antiviral roles of OM-85. The COVID-19 pandemic, originating in 2019, has presented a significant global public health crisis. While effective vaccines have been developed, vaccination rates vary considerably, and numerous concerning viral variants continue to emerge. The challenge persists in creating early interventions to halt the progression of the disease to its severe stages. To examine the therapeutic effect of OM-85 after SARS-CoV-2 infection and compared to recombinant human (rhINF-β) we collected nasopharyngeal cells from COVID-19 patients. The cells were treated ex-vivo with OM-85 or hrINF-β and the response was analyzed after 24h for gene expression by real-time PCR. We found that OM-85 decreased the SARS-CoV-2 N1 gene expression and increased RIG-I (DDX58) in these cells. The expression of ACE2 was undetected in these samples. These data support the antiviral effect of OM-85 against SARS-CoV-2.
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1 Introduction

The COVID-19 pandemic has affected a huge number of people around the world. Although the development of vaccines and the adoption of efficient and sanitary measures, several variants are still very active and affect individuals. There is a need to develop new effective therapeutic approaches to minimize the burden of these severe respiratory viral infections and all associated sequelae. Treatments based on microbial-derived products, such as probiotics and postbiotics, can prevent and treat viral-induced respiratory diseases. Many of these studies have focused on the use of microbial therapies administered by the oral route, inducing the gut-lung axis into producing a potent host antiviral response. Recently, the delivery of these products through the airways is emerging as a safe and effective alternative strategy (1). OM-85 is a postbiotic product containing a standardized lysate obtained by chemical lysis of 21 microorganisms strains associated with respiratory infections. OM-85 contains different microbial products, such as bacterial metabolites, proteins, peptides, traces of fatty amino acids, and saccharides. This bacterial lysate is widely used to prevent recurrent respiratory infection when administered orally (2, 3). Likewise, the concept that OM-85 directly administrated into the airways modulates immune response has been previously explored to prevent asthma and respiratory syncytial virus (RSV) infection in mice (4, 5). The protective effects of OM-85 are mainly due to its modulation of both cellular and humoral responses (2, 6, 7), presenting an anti-inflammatory effect and improving antiviral response mediated by interferons. OM-85 can be effective in preventing severe coronavirus infection in mice when administered through the oral route (8). Additionally, the SARS-CoV-2 receptor ACE-2 is downregulated in the lungs of mice treated intranasally with OM-85 (5). Moreover, OM-85 decreased the expression of SARS-CoV-2 receptors angiotensin-converting enzyme 2 (ACE2), and transmembrane protease serine subtype 2 (TMPRSS2) in human bronchial epithelial cells. The infection by a SARS-CoV-2 spike protein pseudo-typed lentivirus was reduced in cells pretreated with OM-85. Most of these studies focus on the prophylactic effect of OM-85. In this study, we aimed to evaluate the effect of ex-vivo treatment with OM-85 in nasopharyngeal cells already infected with SARS-CoV-2 isolated from COVID-19 patients.




2 Methods



2.1 Ethics approval

The study design was approved by the local ethical committee under the protocol CAAE n° 30754220.3.0000.5336. Written informed consent was obtained from the patients before nasopharyngeal sample collection.




2.2 Nasopharyngeal sample collection and characterization

We collected nasopharyngeal samples from adult hospitalized COVID-19 patients positive for SARS-CoV-2. Nasopharyngeal lavage was performed instilled 10 ml of saline solution (0.9%) into the nostril using a sterile soft catheter (number 8) connected to a syringe. Viral presence was confirmed by RT-PCR within 48h before inclusion. Subject enrollment occurred from March to July 2021. The following variables were considered exclusion criteria: patients on mechanical ventilation; pregnant or breastfeeding women; patients with severe liver disease (alanine aminotransferase and/or aspartate aminotransferase > 5x normal); severe nephropathy (kidney transplantation or dialysis), HIV infection, cancer, hereditary angioedema, other immunodeficiencies, previous myocardial ischemic disease, previous thromboembolic disease. To differentiate epithelial/stromal cells (CD45- cells) from the hematopoietic immune cells (CD45+ cells) the sample was stained with anti-human CD45 FITC (1:200, #555482, clone HI30, BD Biosciences) and analyzed by Flow cytometry (FACS Canto II, BD Bioscience). Gating strategy for each panel is available on Supplementary Figure 1. To confirm the predominant epithelial cells phenotype, the processed sample was centrifuged and stained with hematoxylin and eosin for cytology analysis, as previously described in (9) (Panotico rápido, Laborclin) (Supplementary Figure 1).




2.3 Ex-vivo treatment with OM-85

To perform the ex-vivo treatment nasopharyngeal samples were centrifuged, washed with sterile PBS-EDTA (5mM) solution, and the cell pellet was suspended with Dulbecco’s Modified Eagle Medium (Nutrient Mixture F-12) (DMEM/F-12), 20mM HEPES (pH 7.4), 5% fetal bovine serum (FBS), and 0.06mM NaHCO3. Cells were seeded in 96-well-plates and treated with 10 µg/ml OM-85 concentrate (OM-Pharma) or 100 ηg/mL of recombinant human interferon beta (rhIFN-β) protein (#PHC4244, ThermoFisher Scientific), and with PBS as control, at BSL-3 level room. The concentration of 10 mg/ml of OM-85 was based on previous data with RSV we recently generated that maintain cell viability (4). After 24h, cells were collected for flow cytometry and gene expression analysis by qRT-PCR. We chose 24h of culture based on your previous study using the nasopharyngeal cells (10).




2.4 Flow cytometry

After ex-vivo treatment with OM-85 cells were stained with anti-human CD326 (EpCAM) FITC (1:200, # 324201, clone 9C4, BioLegend) followed by staining with anti-SARS-CoV-2 spike protein (1:100, # MA5-36247, clone HL6, Thermo Fisher Scientific) and secondary staining with anti-rabbit IgG H&L Cy3-conjugated (1:1000, # ab97075, Abcam) after FcBlock incubation. The cells were acquired at the FACS Canto II (BD Bioscience) the data were analyzed using FlowJo software (TreeStar).




2.5 Quantitative real-time PCR analysis

After ex-vivo treatment with OM-85, for viral gene expression, we used 2019-nCoV N1 and RNaseP primers and probes (QuatroG, #100199). We used following TaqMan primers and probes: (ACTB Hs03023943_g1(the housekeeping gene); IFNB1 Hs01077958_s1; IL1B Hs01555410_m1; IFIH1 Hs00223420_m1; DDX58 Hs01061436_m1; ISG15 Hs01921425_s1; OASL Hs00984387_m1; IL6 Hs00174131_m1; IL8 Hs00174103_m1; TNFA Hs00174128_m1. ACE2 Hs01085333_m1; TLR2 Hs02621280_s1; MAVS Hs00920075_m1; IRF3 Hs01547283_m1; TSLP Hs00263639_m1; MTOR Hs00234508_m1; IFNL1 Hs00601677_g1. ThermoFisher Scientific). PCR conditions followed the TaqMan™ Universal PCR Master Mix protocols (Thermo Fisher Scientific). Quantification of gene expression was conducted using StepOne™ (Applied Biosystems). The threshold cycle value (ΔCt) was obtained by subtracting the Ct value from the endogenous gene from the Ct value of the target gene. The gene expression was calculated according to the 2-ΔCt formula.




2.6 Enzyme-linked immunosorbent assays

The supernatant was collected for cytokine analysis. The following cytokines were measured by ELISA: IFN-β(#41415, pbl Assay Science), IL-6 (#KHC0061, Thermo Fisher Scientific), IL-8 (#KHC0081, Thermo Fisher Scientific), IL-10 (#BMS215-2, Thermo Fisher Scientific), and TNF-α (#KHC3011, Thermo Fisher Scientific). The assays were performed according to the manufacturer’s instructions and read at 490 nm wavelength, using an EZ Leia 400 microplate reader (Biochrom, Massachusetts, USA).




2.7 Statistical analysis

The data were summarized as mean and standard error of the mean (SEM). Univariate comparisons between groups were performed using the Mann-Whitney test, Wilcoxon test, and Kruskal-Wallis for multiple comparisons (with Dunn’s multiple comparison test as post hoc). The data were analyzed using IBM SPSS Statistics Version 25.0 (IBM Corp, NY, USA) and GraphPad Prism Version 8.0 (GraphPad Software, CA, USA).





3 Results

28 patients were enrolled to nasopharyngeal sample collection, 17 were males (57%), at a median age of 48.96 years (CI 95% 44.49-53.43); mean body mass index (BMI) 31.94Kg/m²; and 64% were on oxygen supplementation. Table 1 describes the clinical and demographic characteristics of the patients that the nasopharyngeal samples were collected. To first characterize our samples before treatment with OM-85, we used a combined analysis of flow cytometry and cytologic staining. We learned that the predominant cell population within our sample is CD45- cells (epithelial/stromal cells) and not hematopoietic immune cells (CD45+), similarly to we have previous published (9) (Supplementary Figure 1).


Table 1 | Demographic and clinical characteristics of the patients (n = 28).



After OM-85 ex-vivo treatment the expression of SARS-CoV-2 spike protein on nasopharyngeal cells from COVID-19 patients is decreased (Figure 1A; Supplementary Figure 2). Interestingly, expression of viral N1 gene was significantly reduced in cells treated with OM-85 compared to untreated control (Figure 1B). The effect of OM-85 on SARS-CoV-2-infected human nasopharyngeal cells ex-vivo was similar to rhINF-β-treated cells (Figure 1C). To further examine these findings, we next analyzed the expression of antiviral response-associated genes, and their corresponding differential expression are shown in Figure 1D. OM-85 did neither modulated the expression of IFN-β (IFNB1 gene) (n=12; p=0.3804), nor the responsive genes ISG15 (n=26; p=0.7454) and MDA-5 (melanoma differentiation-associated protein 5) (IFIH1 gene) (n=12; p=0.5186). Considering its importance in the context of COVID-19, the Retinoic-acid inducible gene I (RIG-I) viral recognition pathway was also investigated and here, OM-85 treatment presented significantly two-fold increase of RIG-I expression (DDX58 gene) (n=8; p=0.0156). In contrast to RIG-I, OASL (2’-5’-oligoadenylate synthetase-like) (n=19; p=0.0289) had its expression significantly reduced after OM-85 treatment. There was no difference between genes associated with the inflammatory response, i.e., IL-6 (n=5; p=0.0625) and IL1-β (n=18; p=0.737). Gene expression of ACE-2, IL-8, MAVS, IRF-3, mTOR, IFN-λ, TRL2, and TLSP, were not detected in the samples, possibly due to the low expression of these genes by the time of harvesting. We did not find differences in cytokine levels (IFN-β, IL-6, IL-8, IL-10, and TNF-α) in the supernatant between untreated and treated cells (Table 2).




Figure 1 | Ex-vivo OM-85 treatment on SARS-CoV-2 infected nasopharyngeal cells reduces the viral gene expression. Nasopharyngeal samples from adult hospitalized COVID-19 patients positive for SARS-CoV-2 were collected and processed to obtain the cells. Cells obtained from nasopharyngeal samples were culture and treated with OM-85 (10 µg/ml) or rhIFNβ (100 ηg/ml) and with PBS and control for 24h. (A) Cells were stained with anti-EpCAM (epithelial cells specific marker) and anti-SARS-CoV-2 Spike protein. The drawn gates show the abundance of Spike protein within the epithelial cell population. (B, C) Real-time PCR showing the SARS-CoV-2 N1 protein gene expression in nasopharyngeal samples treated with OM-85 or rhIFNβ for 24h. (D) Gene expression of cytokines and antiviral response-associated genes in nasopharyngeal samples treated with OM-85 for 24h. Data are presented as mean ± SEM. Statistical significance in (B, C) was determined by Wilcoxon test, and in (D) was determined by Mann-Whitney test *p <.05. **p <.01.




Table 2 | Cytokine analysis in the supernatant of the treated nasopharyngeal cells measured by ELISA (Mann-Whitney test).






4 Discussion

Here we demonstrated that ex-vivo OM-85 treatment on SARS-CoV-2 infected nasopharyngeal cells reduced the viral gene expression. These data highlight a different therapeutic effect for OM-85 on the respiratory tract, a bacterial lysate that normally is used as a prophylactic postbiotic to prevent recurrent respiratory infection. While OM-85 did not significantly increase the production of IFN-β, in this time point analyzed, interestingly there was an increase in the expression of RIG-I and reduced the expression of OASL, confirming the modulation of the interferon pathway.

One strength of our study is that we tested the antiviral effect of OM-85 directly on airway cells freshly collected from COVID-19 patients. The epithelium in the upper respiratory tract is a frontline barrier in the battle against SARS-CoV-2, several studies have highlighted the importance of the analysis of samples from the airways to better characterize the direct mucosal impact of possible interventions on SARS-CoV-2 infection (11, 12).

Our results identified that RIG-I activation might be one of the pathways related to the OM-85 effect on nasopharyngeal cells during SARS-CoV-2 infection. RIG-I is activated by RNAs with 5′-(P)PP, duplex structure, and no ribose 2′-O-methylation found in several viral RNA molecules but are normally absent in the host cytosolic RNAs (13). After activation RIG-I undergoes conformational changes that allow the homotypic CARD-CARD domain to interact with MAVS. MAVS is anchored into mitochondria and induces the expression of type I interferons by signaling through TBK1 and IkB kinase ϵ, activating the transcriptional factors IRF3 and IRF7 and together with NF-κB. Antiviral responses associated with RIG-I activation are essential to control SARS-CoV-2 infection (14). The first step of replication is aborted since the interaction of RIG-I with the viral genome directly abrogates viral RNA-dependent RNA polymerase (14). Consequently, SARS-CoV-2 proteins have been described to inhibit antiviral responses by interacting with RIG-I (15, 16).

Efficient antiviral activity in the airway should point to a balanced immune response leading to viral clearance and faster patient recovery since severe viral respiratory infection is related to an aberrant immune response to uncontrolled inflammation. The role of type 1 interferon in COVID-19 severity is controversial (17). Although a large study conducted by WHO did not show the clinical benefit of subcutaneous interferon beta 1-a treatment on hospitalized COVID-19 patients (18), a phase 2 trial showed a promising result of inhaled nebulized interferon beta-1a (19). Another intervention with positive results by the inhalation route to COVID-19 patients is budesonide (20).

OM-85 can increase antiviral response inducing type 1 interferon, but is also associated with an anti-inflammatory response by increasing the levels of anti-inflammatory cytokines, such as IL-10, decreasing the levels of pro-inflammatory cytokines (IL-1β) and dampening recruitment of inflammatory cells, consequently reducing tissue damage. Other effects of OM-85 include increasing tolerogenic dendritic cells and Treg (21). These pointed out that OM-85 administration during infection boosts antiviral response, but also might control inflammatory milieu preventing tissue damage.

Our study suffers from limitations, one is associated with the number of cells obtained from the patients, limiting the analysis to a one-time point, and with one concentration of OM-85, and the second is the lack of the evaluation of OM-85 effect on virus replication on these cells. Although, previous studies have demonstrated that SARS-CoV-2 can replicate in the nasal epithelial cells (22) and after 24h of infection in cell lines (23).

In summary, we identified that OM-85 can have an antiviral effect on SARS-CoV-2-infected nasopharyngeal cells collected from COVID-19 patients. These findings highlight a potential therapeutic effect of OM-85 against viral infection on the respiratory tract, a tissue that could be directly accessed in subjects using the intranasal route. Proper human intervention studies are needed to confirm these findings so that OM-85 becomes an alternative viable therapy by intranasal route for patients with respiratory infections.
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Supplementary Figure 1 | Characterization of cell population within the nasopharyngeal sample showing a predominance of epithelial cells by flow cytometry (A) gate strategy, (B) CD45- population (left panel), (C) cytological analysis (right panel).

Supplementary Figure 2 | Flow cytometry of the nasopharyngeal samples after treatment with OM-85 (10 µg/ml) for 24hs to analyze the expression of SARS-CoV-2 protein (A) gate strategy, (B) mean percentage of Spike protein and EpCAM positive cells from 2 patients.
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Depression 1
Anxiety 1
Thromboembolism 1
Coronavac vaccine 1st dose 2
Oxford vaccine 1st dose 4
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IFN-B (pg/ml) n=9 575,9 8093 | 0,6665
IL-6 (pg/ml) n=8 ‘ 4,451 2,177 | 0,5041
IL-8 (pg/ml) n=21 ‘ 2062 2073 08813

IL-10 (pg/ml) n= 10 ‘ 13,98 1827 05639

TNF-0. (pg/ml) n=10 ‘ 15,50 2467 | 04692






