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A great deal of evidence has accumulated suggesting an important role of mucosal immunity not 
only in preventing COVID-19 but also in the pathogenesis of this infection. The aim of the study was 
to evaluate the levels of secretory immunoglobulin A (sIgA) in different compartments of the upper 
respiratory tract in COVID-19 patients in relation to the severity of the disease and treatment with a 
bacteria-based immunomodulating agent (Immunovac VP4). The titers of sIgA were determined by 
ELISA in nasal epithelial swabs, pharyngeal swabs, and salivary gland secretions at baseline and on 
days 14 and 30 of treatment. The levels of nasal, pharyngeal and salivary sIgA were significantly lower 
in more severe patients (subgroup A) than in less severe patients (subgroup B), p < 0.01. In subgroup 
A, the patients who received Immunovac VP4 had higher pharyngeal sIgA levels in convalescent 
period than those who did not receive the therapy p < 0.05. In subgroup B patients, an increase in 
immunoglobulin levels was observed from baseline to day 14 of treatment whether they received the 
add-on therapy or not, p < 0.01. On day 30 of treatment, the sIgA levels in the standard treatment 
group, however, decreased, while the patients receiving the immunomodulating agent maintained 
high sIgA levels, p < 0.05. Oxygen saturation significantly increased by day 14 in both groups, p < 0.001. 
However, it was higher in the Immunovac VP4 group than in the standard treatment group, p < 0.01. 
Thus, addition of a bacterial lysate-based immunomodulating agent to the treatment regimen for 
moderate-to-severe COVID-19 induces the production of pharyngeal and salivary sIgA. SIgA production 
is inversely correlated to CRP levels and percentage of lung involvement on CT scan and is directly 
correlated to SpO2 levels. 
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COVID-19 is a droplet-borne disease. Respiratory mucosal immunity provides the first barrier to virus invasion 
and thus plays a crucial role in the pathogenesis of this infection. Since the infection first begins on upper 
respiratory tract mucosa, the induction of mucosal immunity with intranasal therapeutic vaccines has become 
one of several promising strategies for both preventing particular infections (e.g. COVID-19) and treating 
them1. Some bacterial lysate-based agents are considered therapeutic vaccines because they induce a specific 
humoral immune response to particular vaccine antigens as well as non-specific immune responses, which was 
demonstrated in numerous clinical trials2–4. These agents have been shown to decrease the risk of recurrent 
respiratory infections in children and adults, reduce the need for antibacterial therapy in patients with chronic 
bronchopulmonary disorders and exhibit a number of other clinical effects. To date, a number of papers have 
been published on the use of bacterial lysates in the treatment of chronic obstructive pulmonary disease and 
asthma5–8.
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Despite ongoing research of the mechanisms of mucosal immunity in viral infections, in particular 
COVID-19, the use of immunobiological medications during active inflammation as an immunotherapeutic 
approach has not been fully investigated. Little is known about the immunological and clinical effectiveness 
of these agents administered via different routes. For instance, Immunovac VP4 has been shown to trigger 
different morphological and functional changes in different compartments of the immune system after being 
administered through different routes9. Previously, we investigated the effects of Immunovac VP4 on sIgA levels 
in nasal-associated lymphoid tissue (NALT) when combined routes of administration were used (nasal/oral and 
nasal/subcutaneous)10,11.

Secretory immunoglobulin A is the main antibody class found on mucosal surfaces and produced by local 
plasma cells, primarily as an IgA dimer. It confers protection against various pathogens, including viruses, which 
is mediated by its neutralizing properties as well as its ability to prevent adhesion of pathogens to the mucosal 
surfaces and to opsonize pathogenic microorganisms, thus hindering their penetration into epithelial cells12. 

SIgA, also known as “mucosal Immunoglobulin”, has been under keen interest throughout the viral infection 
cycle. Its importance lies because IgA is predominant mucosal antibody and SARS family viruses primarily infect 
the mucosal surfaces of human respiratory tract. Preliminary studies have demonstrated high secretory levels of 
specific neutralizing sIgA in adults with acute COVID-1913,14. Therefore, IgA can be considered a diagnostic and 
prognostic marker and an active infection biomarker for SARS-CoV-2 infection. Along with molecular analyses, 
serological tests, including IgA detection tests, are gaining ground in application as an early detectable marker 
and as a minimally invasive detection strategy15.

The observed limitations in the efficacy of currently authorized COVID-19 vaccines in inducing effective 
mucosal immune responses remind us of the limitations of systemic vaccination in promoting protective 
mucosal immunity. This resurgence of interest has motivated the development of vaccine platforms capable of 
enhancing mucosal responses, specifically the sIgA response, and the development of IgA-based therapeutics16.

Study objective
To evaluate the levels of secretory immunoglobulin A in different compartments of the upper respiratory 
tract in COVID-19 patients in relation to the severity of their disease and treatment with a bacteria-based 
immunomodulating agent (Immunovac VP4). 

Materials
Clinical study design 
It was a non-randomized controlled study, which was conducted in a tertiary hospital for COVID-19 patients 
(Moscow, Russian Federation). The selection of patients was done following screening assessments and physical 
examination and was based on the inclusion and non-inclusion criteria as well as the information in the 
Indications and Contraindications sections of the Immunovac VP4 Product Information Leaflet. The patients 
were followed up for 30 days. All treatment information, clinical findings and study tests data were reported 
using medical records (individual patient documentation). 

Legal and ethical conduct of the study
Treatment was carried out in accordance with the Provisional Clinical Guidelines “Prevention, diagnosis, and 
treatment of novel coronavirus infection (COVID-19)” developed by the Ministry of Health of the Russian 
Federation and clause 20 “Voluntary Informed Consent to Medical Intervention and Refusal of Medical 
Intervention” (Federal Law No. 323-ФЗ, dated November 1, 2011 “On Fundamental Healthcare Principles in the 
Russian Federation” (as amended on April 3, 2017). Study Protocol No. 8 was approved on November 26, 2020 by 
the local Ethics Committee at the Federal State Budgetary Scientific Institution I.I. Mechnikov Research Institute 
of Vaccines and Sera (Moscow). The study was conducted in accordance with the Declaration of Helsinki of the 
World Medical Association “Ethical Principles for Biomedical Investigations Involving People”, the International 
Council for Harmonization’s Good Clinical Practice guideline and Russian regulatory requirements. Prior to 
inclusion in the study, all study subjects provided written informed consent.

Inclusion Criteria: age 18 to 60 years, admission to hospital, positive results with SARS-CoV-2 polymerase 
chain reaction (PCR) in nasal swabs, CT signs of lung damage such as ground-glass opacities and areas of 
consolidation consistent with grade 2 of lung injury as assessed by CT scan (25–50% lung involvement), and 
signed and dated informed consent form.

Non-inclusion criteria (patients were not included in the study if they met any of these criteria): lung abscess, 
pleural empyema, active tuberculosis; severe birth defects or serious chronic disorders, such as pulmonary, liver, 
renal, cardiovascular or neurological disorders; a history of mental or endocrine disorders or neoplasms; human 
immunodeficiency virus (HIV) or hepatitis B or C infections; use of immunoglobulins or blood transfusion 
within the last three months prior to the start of the study; long use (more than 14 days) of immunosuppressive 
drugs or other immunomodulatory drugs within six months prior to the start of the study; any known or 
suspected immunosuppressive, immunodeficiency or autoimmune disorder; any vaccination within one month 
prior to the start of the study; acute respiratory infections within one month prior to the start of the study; 
pregnancy or lactation; simultaneous participation in another clinical study; or the patient’s inability to comply 
with the study protocol requirements (as judged by the investigator). 

Patients 
 Overall, 105 patients, aged 18 to 60, with confirmed moderate-to-severe COVID-19 were included in the study 
between November 30, 2020 and May 30, 2021. The diagnosis was confirmed by polymerase chain reaction (PCR), 
clinical data and CT findings. All patients had CT signs of lung damage such as ground-glass opacities and areas 

Scientific Reports |         (2025) 15:8325 2| https://doi.org/10.1038/s41598-025-92794-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


of consolidation consistent with grade 2 of lung injury as assessed by CT scan (25–50% lung involvement). The 
COVID-19 patients included in the study met all the inclusion criteria and did not meet the exclusion criteria. 

 All patients received background therapy which was selected according to the severity of their disease 
as recommended by the clinical guidelines developed by the Ministry of Health of the Russian Federation. It 
included Favipiravir 200  mg (standard regimen, depending on bodyweight: 1.6–1.8  g on day  1 followed by 
600–800 mg twice a day on days 2 to 10), enoxaparin 0.4 mg/day, subcutaneously, dexamethasone 8–12 mg/day, 
and tocilizumab 400 mg/day (for patients with CRP > 60 mg/L).

At the start of the study all patients were randomized into two groups: Group 1 (control group, n = 41) consisted 
of patients who received only standard treatment in accordance with the clinical guidelines developed by the 
Ministry of Health of the Russian Federation; and Group 2 (main group, n = 64) was made up of patients who 
received standard treatment combined with an 11-day treatment course of a bacterial lysate-based therapeutic 
agent (Immunovac VP4), which was started on day 1 of hospitalization.

Group 1 consisted of 27 males and 14 females, the median age of the patients was 42 (33; 54) years. Group 2 
consisted of 43  males and 22  females, the median age of the patients was 42 (37; 45) years. Both groups 
were matched by age (p = 0.79), gender (p = 0.33) and the number of days between the onset of disease and 
hospitalization (5 [4; 8] days in Group 1 and 5 [3; 7] days in Group 2, p = 0,63). The patients in both groups were 
also matched by body mass index, area of impaired lung parenchyma, and laboratory findings.

Biological samples from different compartments of the upper respiratory tract were also collected from 
healthy non-vaccinated health care providers with no history of COVID-19 (n = 10). They were divided into 
aliquots and used as the internal standard in laboratory tests.

Since sIgA levels in the upper respiratory tract correlate with the severity of COVID-1917,18, the study subjects 
were further divided into two subgroups in order to better understand the effects of Immunovac VP4: patients 
with a more severe disease (subgroup A) and patients with a less severe disease (subgroup B). This division was 
conducted based on a cluster analysis. The cluster analysis was carried out using the following factors: oxygen 
saturation by pulse oximetry, CRP as an indicator of the intensity of inflammatory and destructive processes, and 
aspartate aminotransferase (AST) as an indicator of degree of heart damage. The results of the cluster analysis 
are shown in Fig. 1. The silhouette score, a characteristic of the quality of clusters, was 0.65, which indicated that 
our clusters were well-defined4. 

Compared to cluster 2, cluster 1 had higher levels of CRP (20.1 [10.9; 43.2] mg/L vs. 2.2 [0.3; 10.7] mg/L, 
p < 0.001) and AST (32.9 [28.2; 44.9] U/L vs. 26.2 [20; 34.9] U/L, p = 0.003) and lower SpO2 levels (94 [94; 95]% 
vs. 96 [96;  96]%, p < 0.001). Therefore, the patients in cluster  1 were regarded as clinically more severe, and 
the patients in cluster 2 as clinically less severe. There was no difference between the subgroups in the disease 

Fig. 1.  The results of the cluster analysis of the data collected from COVID-19 patients on admission to 
hospital.
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duration prior to hospitalization (6  [3.5; 7.5] days in the group of more severe patients and 5  [4; 8] days in 
the group of less severe patients, p = 0.83) or patient age (45 [38; 51] years old and 43 [37.2; 47.0] years old, 
respectively, p = 0.47). The sub group of more severe patients had a slightly higher proportion of males than the 
subgroup of less severe patients (80% [25/31] vs. 60% [45/74], respectively, p = 0.08). The duration of fever was 
similar in the study subgroups (1 [1; 5] day in the group of more severe patients and 1 [0; 4] day in the group of 
less severe patients, p = 0.22), while the duration of hospital stay was significantly longer in the subgroup of more 
severe patients compared to that in the subgroup of less severe patients (12 [7.5; 16.5) days vs.7 (4; 11.8) days, 
respectively, p = 0.01).

Bacterial lysate-based therapeutic agent
Immunovac VP4 (Certificate of Marketing Authorization No.  ЛCP-001294/10 issued on February 24, 2010) 
belongs to a novel class of bacterial lysate-based therapeutic agents, so called “therapeutic vaccines”. This agent 
is manufactured by Scientific and Production Association Microgen, a federal state unitary enterprise (Ufa, 
Russia). The vaccine exhibits protective activity against the microorganisms included in its composition and 
provides a pronounced immunomodulatory effect with considerable potential to correct immune defects. A 
combination of these properties ensures a high therapeutic and preventive activity of this product19. Immunovac 
VP4 includes the antigens of Staphylococcus aureus, Klebsiella pneumoniae, Proteus vulgaris and Escherichia coli 
(4 mg). Using non-aggressive methods for treatment of microbial biomass made it possible to mostly maintain the 
native structure of the antigens and include protein-associated lipopolysaccharides isolated from К. pneumoniae, 
P. vulgaris and E. coli, proteoglycan isolated from K. pneumoniae, as well as teichoic acids derived from S. aureus 
and protein and other polysaccharide antigens of S. aureus. The spectrum of antimicrobial activity of Immunovac 
VP4 against various opportunistic bacteria, including Streptococcus pneumoniae and Haemophilus influenzae, was 
expanded not by increasing the number of vaccine components but by incorporating the antigens isolated from 
specifically selected highly immunogenic strains with weak sensitizing properties, which had intra- and inter-
species antigens as well as immunostimulatory antigens. This considerably simplified the manufacturing process 
for this vaccine and increased its therapeutic effectiveness. Immunovac VP4 does not contain any preservatives 
or stabilizing additives. It is available as a lyophilized powder in ampoules and vials (see Product Information 
Leaflet for Immunovac VP4, a multi-component vaccine based on antigens of opportunistic microorganisms, 
approved by the Ministry of Health of the Russian Federation on September 18, 1996).

Pharmacological properties
It is a bacteria-based immunostimulant. Its mechanism of action is due to the activation of the key effectors 
of innate and adaptive immunity. This agent enhances the phagocytic activity of macrophages, optimizes cell 
counts and functional activity of lymphocyte subsets (CD3, CEM, CD8, CD16, and CD72), programs CD4 
T-cells to proliferate and differentiate into Th1 cells, stimulates the production of IFN-γ and IFN-α, and improves 
the production of immunoglobulin isotypes by inhibiting IgE synthesis and inducing IgG, IgA, and sIgA 
synthesis20–22. It induces the production of antibodies to four opportunistic microorganisms whose antigens 
are included in the composition. It also contains antigens that can induce broad cross-protection against other 
pathogens (Streptococcus pneumoniae, Haemophilus influenzae and others). 

The technical result of the proposed invention consists in disclosing the mechanism of the protective action of a 
multicomponent vaccine against bacterial and viral pathogens in oral and subcutaneous immunization methods 
by activating Toll-like receptors TLRs 2, 4 and 9, which confirms the presence in the multicomponent vaccine 
of pattern-associated molecular structures of microorganisms (peptidoglycan, teichoic acid, lipopolysaccharide, 
bacterial DNA), leading to the expression of cytokines (IL-1β, IL-6, IL-12, IFNγ, TNFα) and the formation of 
adaptive immunity, manifested in the production of specific IgG antibodies to antigens included in the vaccine. 
As a result of activation of effectors of innate and adaptive immunity, the multicomponent vaccine protects from 
bacterial and viral infection and explains the therapeutic and prophylactic effect of its use in clinical practice. 

The consequence of activation of innate and adaptive immunity with subcutaneous and oral administration 
of the multicomponent vaccine was protection of experimental animals from infection with bacterial strains, the 
antigens of which were part of Immunovac VP-4. Protective activity during infection of experimental animals 
24  h after immunization was considered as a consequence of activation of innate immunity, 5–8  days after 
immunization—as activation of adaptive immunity. With activation of adaptive immunity, protective activity 
was higher than with activation of innate immunity. Non-specific protection (innate immunity) from viral 
infection 24 h after subcutaneous or oral immunization with the multicomponent vaccine was demonstrated 
during infection with influenza virus and herpes virus with the subcutaneous method of immunization [Russian 
patent 2022 under IPC A61K38/00, RU2786222C1].

In terms of clinical outcomes, treatment with this drug reduces the rate of acute infections, duration of 
infection, severity of symptoms, and risk of exacerbation of chronic diseases.

Indications for immunovac VP4
 Children older than 15  years of age and adults: chronic recurrent inflammatory respiratory diseases (acute 
phase [5 to 7  days after the start of background treatment], remission, and periods of increased number of 
respiratory infection cases prior to respiratory infection seasons); allergic disorders, including mixed-type 
asthma, infection- and allergy-induced asthma, and atopic dermatitis (in combination with background 
treatment during remission or after exacerbation); prevention of respiratory infections in individuals who have 
frequent acute respiratory disease events (more than 4 events a year) (periods of increased number of cases prior 
to respiratory infection seasons).

Preparing of Immunovac VP4 solution: Immediately prior to use, 4 mL of solvent (0.9% sodium chloride for 
injection or boiled water brought to 18–25 °C) is added to the vial with a syringe, and the contents is mixed. The 
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dilution time should not exceed 2 min. The ready solution can be stored at + 2–8 °C for 3 days and can be used 
if it does not show any signs of cloudiness.

Regimens and doses
Regimen 1 (nasal and subcutaneous administration) (n = 31)
When prepared, the drug solution was administered at a dose of 2 drops (1.0 mg) in each nostril daily and 
then subcutaneously every other day in the following amounts: 0.05  ml  (0.5  mg) on day  1 of hospital stay, 
0.1 ml (1.0 mg) on day 3, 0.2 ml (2.0 mg) on day 5, 0.2 ml (2.0 mg) on day 7, 0.3 ml (3.0 mg) on day 9, and 
0.3 ml (3.0 mg) on day 11.

Regimen 2 (nasal and oral administration) (n = 33)
When prepared, Immunovac VP4 solution was administered orally at a dose of 2 ml (20.0 mg) followed by 
2 drops (1.0 mg) in each nostril daily from day 1 to day 10 of hospital stay. 

Although the administration regimens were different, the patients were not divided into groups by 
administration regiment considering similar kinetics of sIgA production in the upper airways and similar 
clinical effects of this immunotherapeutic agent in COVID-19 patients, shown by other studies10,17.

Methods
For all patients, clinical data, concurrent disorders, symptoms of the underlying disease, physical examination 
findings, and results of laboratory tests (complete blood count, C-reactive protein, and blood coagulation 
profile) and other investigations (chest computed tomography, SpO2) were assessed. The severity of respiratory 
failure was defined by the blood oxygen saturation level measured by pulse oximetry (SpO2). Pulse oximetry was 
performed using a pulse oximeter (series MD300C). Chest computed tomography (CT) was performed on a 
spiral CT scanner Aquilion TSX-101A (Toshiba Medical Systems, slice thickness 1 mm, pitch 1.5) on admission 
and after 10 days of treatment.

 Levels of sIgA in all biological fluids were measured by enzyme-linked immunosorbent assay (Vector Best, 
Russian Federation). Plates were read using a Multiskan Ascent ELISA microplate spectrophotometer (Thermo 
Electron Corporation, Finland). Levels of immunoglobulins were measured by enzyme-linked immunosorbent 
assay based on a two-step sandwich enzyme immunoassay using monoclonal antibodies (mAb) against the 
secretory component linked to alpha chain of IgA. Standards with known concentrations of sIgA and the samples 
were added to the wells of a plate coated with an anti-sIgA mAb. The plate was then incubated according to the 
test kit instructions. The intensity of developing color is proportional to the concentration of sIgA in the sample. 
The concentration of sIgA was calculated using the standard curve and the measured optical density values. 

Sampling
 In study groups 1 and 2, samples were taken from different compartments of the upper respiratory tract: nasal 
mucosal epithelial scrapings, pharyngeal epithelial scrapings, and salivary gland secretions. Saliva was collected 
early in the morning before patients brushed their teeth and had a meal. Saliva was collected passively under 
supervision of a physician without any forceful coughing23–25. Sampling was performed in three steps: on study 
day 1 before study treatment was administered, on study day 14, and subsequently 30 days after the start of 
treatment.

 Cytobrush sampling was performed in all patients to determine protein levels in nasopharyngeal secretions. 
Samples were collected using a type D brush (Yunona, Russian Federation) into three Eppendorf tubes with 
sodium chloride solution. The tubes were centrifuged at 2,000 g for about 5 min to sediment the epithelial cells 
and then refrigerated at + 2–4 °C until shipment to the laboratory, where the samples were examined within 24 h 
of collection.

 These tests were performed using certified equipment provided by the Research Equipment Sharing Center 
of the I.I. Mechnikov Research Institute of Vaccines and Sera. 

Statistics
Descriptive statistics for quantitative variables included median and interquartile range, Me  [Q1-Q3]. 
Comparison of quantitative variables in two independent groups was done using the Mann—Whitney’s test. 

The cluster analysis was done using the k-means method with the silhouette score applied to determine the 
quality of clusters. The correlation analysis was performed using the Spearman’s rank correlation coefficient, and 
the robust linear regression analysis was carried out to calculate a regression line and construct a 95% confidence 
interval (CI) for its slope26. 

A linear mixed-effects model (LMEM) was used to evaluate the changes in sIgA levels. The relationship 
between the changes in sIgA levels and the severity of a patient’s condition on admission was evaluated, with 
time, severity of condition and their interaction (time × severity) being fixed effects, and patients random effects. 
Another analysis focused on the relationship between the changes in sIgA levels and the study subgroup, which 
was studied separately for more severe and less severe patients. In this analysis time, study subgroup and their 
interaction (time × study subgroup) were fixed effects, and patients were random effects. Linear mixed-effects 
models were estimated using in the lme4 package. Each model’s fit (residual normality and homoscedasticity) 
was checked using the DHARMA package27. When the model fit was poor, another LMEM was fit using the 
robust estimation method in the robustlmm package (RobustLMEM)28. Satterthwaite’s approximation was used 
to calculate the degrees of freedom for the resulting models. Marginal R-squared (R2m, only fixed effects) and 
conditional R-squared (R2c, fixed and random effects) were generated for each model29. Post-hoc tests were 
performed by estimating the corresponding contrasts in the LMEM using the lmerTest package30.
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The level of statistically significant differences was defined as p ≤ 0.05. The calculations and graphics were 
carried out using the statistical programming environment R (v.3.6, license GNU GPL2).

Study results
Analysis of the baseline data of all the study subjects revealed a significant inverse correlation between nasal sIgA 
and CRP (ρ = − 0.29 [95% CI − 0.48 to − 0.07], p = 0.01), AST (ρ = − 0.30 [95% CI − 0.49 to − 0.09], p = 0.007) and 
area of lung involvement on CT scan (ρ = − 0.23 [95% CI − 0,44 to − 0.005], p = 0.045) (Fig. 2a and b). 

There was also an inverse correlation between pharyngeal sIgA and CRP levels (ρ = − 0.34 [95% CI − 0.52 to 
− 0.12], p = 0.003), and a direct correlation between salivary sIgA and SpO2 levels (ρ = 0.25 [95% CI 0.02 to 0.45], 
p = 0.03) (Fig. 3a and b). 

These data are also consistent with the results of the analysis of the correlation between sIgA levels and the 
severity of disease at the time of admission. The cluster analysis revealed that nasal, pharyngeal, and salivary sIgA 
levels were significantly lower in subgroup A (more severe patients) than in subgroup B (less severe patients): 
47.1 (17.6; 102.9) µg/L vs. 97.2 (60; 168) µg/L (p = 0.02); 0.8 (0.3; 3.1) µg/L vs. 6.5 (1.2; 24) µg/L (p = 0.007), and 
90.5 (32.9; 185.4) µg/L vs. 210.6 (144; 354.8) µg/L (p = 0.007), respectively (Fig. 4).

Fig. 3.  The relationship (a) between pharyngeal sIgA and CRP levels on admission and (b) between salivary 
sIgA and SpO2 levels on admission. Note: The regression line was calculated and a 95% confidence interval for 
its slope was constructed by robust linear regression analysis. This analysis showed that patients with higher 
sIgA levels had lower CRP levels, smaller areas of lung involvement on CT scan and higher SpO2 levels. 

 

Fig. 2.  The relationship (a) between nasal sIgA and CRP and (b) between nasal sIgA and area of lung 
involvement on admission. Note: The regression line was calculated and a 95% confidence interval for its slope 
was constructed by robust linear regression analysis.
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 These data suggest that there is a relationship between sIgA levels and the severity of COVID-19. Additionally, 
they show that SARS-CoV-2 infection triggers different responses in different aggregates of mucosa-associated 
lymphoid tissue. 

 The changes in sIgA levels were assessed in relation to the severity of disease on admission and the treatment 
group at three time points (at baseline and on study days 14 and 30) using robust linear mixed-effects models 
(RLMEM) (Table 1). 

Comparison of the changes in the sIgA levels in nasopharyngeal scrapings did not show any difference 
between the groups of patients who received standard treatment and those who received Immunovac VP4 as an 
add-on agent. In the subgroup of patients with a less severe disease, nasal sIgA levels at baseline and on days 14 
and 30 were 100 (61; 168) µg/L, 59 (24; 114) µg/L, and 48 (20; 102) µg/L, respectively, in the control group and 
91 (56; 153) µg/L, 48 (18; 116) µg/L, and 56 (11; 107) µg/L, respectively, in the group of subjects who additionally 
received the bacterial lysate-based immunostimulating agent. In the subgroup of patients with a more severe 
disease, these levels were 49 (46; 99) µg/L, 52 (16; 89) µg/L, 17 (11; 30) µg/L, respectively, and 31 (14; 99) µg/L, 
47 (22; 119) µg/L, and 68 (19; 135) µg/L, respectively. 

However, there were differences in the changes in oropharyngeal levels of sIgA. Analysis of day 30 pharyngeal 
sIgA levels in the subgroup of patients with less severe COVID-19 revealed a significant difference between 
the two study groups (p = 0.04). In the control group pharyngeal sIgA levels remained stable throughout the 
observation period, while in the main (Immunovac VP4) group they showed a significant increase by day 30 
of treatment compared to the baseline levels (from 5.4 [0.7; 18.2] µg/L to 18.7 (5.2; 79.6) µg/L, p = 0.003) and to 
the day 14 levels (from 5.8 [1.9; 14.1] and 18.7 (5.2; 79.6) µg/L, p = 0.004) (Fig. 5). In the subgroup of patients 
with less severe COVID-19, day 30 levels of pharyngeal sIgA were significantly higher in the patients receiving 
Immunovac VP4 than in the controls: 18.7 (5.2; 79.6) µg/L vs. 2.9 (1.2; 29.4) µg/L, p = 0.05.

Fig. 4.  Levels of sIgA in different compartments of the upper respiratory tract in relation to the severity of 
disease on admission.
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 In the subgroup of patients with more severe COVID-19, pharyngeal sIgA levels showed the following 
kinetics: on day 14 of treatment similar changes were seen in the two study groups (p = 0.01), but on day 30 
these changes were inverse (p = 0.05) (Fig.  6). On day  14 pharyngeal sIgA levels, which were initially lower 
compared to the subgroup of less severe patients, showed a significant increase, regardless of the treatment 
group: from 1.5 (0.3; 5.9) to 63.4 (17.8; 101.2) µg/L in the control group (p < 0.001) and from 0.7 (0.3; 3.1) to 61.1 
(24.1; 111.6) µg/L in the Immunovac VP4 group (p = 0.005). After 30 days of treatment, pharyngeal sIgA levels 
decreased in the control group (from 63.4 [17.8; 101.2] to 11.3 [9.1; 14] µg/L, p < 0.001), while in the main group 
they remained similar to the day 14 levels and were higher compared to the baseline levels (87.6 [7.5; 118.6) µg/L 
vs. 0.7 [0.3; 3.1] µg/L, p = 0.001) and to the levels in the control group (87.6 [7.5; 118.6) µg/L vs. 11.3 [9.1; 14] µg/L, 
p = 0.007).

Analysis of salivary sIgA levels in patients with less severe COVID-19 revealed similar changes in this 
parameter on day 14 of treatment (p = 0.04) and inverse changes on day 30 (p = 0.03) in the two study groups 
(Fig. 7). In both study groups, the patients with a less severe disease showed a significant reduction in salivary 
sIgA levels from baseline to study day 14: from 236.4 (143.7; 493.2) to 154.2 (105; 200) µg/L, p = 0.04 in the 
control group and from 181 (144.4; 256.3) to 139.8 (95.5; 205.6) µg/L in the Immunovac VP4 group (p = 0.04). 
On day 30, in the control group salivary sIgA levels did not show any significant changes compared to baseline 
(158.3 [117; 198.8] µg/L vs. 236.4 [143.7; 493.2] µg/L, p = 0.05). In the Immunovac VP4, the day 30 levels of 
salivary sIgA showed a significant increase compared to the day  14 levels (from 139.8  [95.5;  205.6]  µg/L 
to 208.5  [124.1;  403.6]  µg/L, p = 0.003) and to the levels in the control group (208.5  [124.1;  403.6]  µg/L 
vs.158.3 [117; 198.8] µg/L, p = 0.04) (Fig. 8).

In the subgroup of patients with a more severe disease, salivary sIgA levels gradually increased and on day 30 
were significantly higher than at baseline: 199.3  (165;  226.6)  µg/L vs. 73.6  (30.5;  177.3)  µg/L, p = 0.05 in the 
control group and 237.2 (186.3; 303.2) µg/L vs. 119.6 (56.2; 185.4) µg/L, p = 0.001) in the Immunovac VP4 group 
(Fig. 8).

Fig. 5.  The changes in pharyngeal sIgA levels in the patients with a less severe disease at baseline by treatment.

 

Effects

Pharyngeal secretion Saliva Nasal secretion

Less severe disease More severe disease Less severe disease More severe disease Less severe disease More severe disease

Day 14 p = 0.47 p = 0.01 p = 0.04 p = 0.81 p = 0.21 p = 0.77

Day 30 p = 0.62 p = 0.97 p = 0.06 p = 0.02 p = 0.15 p = 0.21

Treatment group p = 0.34 p = 0.89 p = 0.29 p = 0.99 p = 0.11 p = 0.75

Day 14 time point × group p = 0.75 p = 0.89 p = 0.46 p = 0.49 p = 0.29 p = 0.91

Day 30 time point × group p = 0.04 p = 0.05 p = 0.03 p = 0.50 p = 0.50 p = 0.13

Model quality Rm = 0.18
Rc = 0.18

Rm = 0.19
Rc = 0.32

Rm = 0.24
Rc = 0.24

Rm = 0.16
Rc = 0.16

Rm = 0.06
Rc = 0.06

Rm = 0.04
Rc = 0.12

Table 1.  The relationship between the changes in sIgA levels in different compartments and the treatment 
group and baseline severity of disease (RLMEM). Significant values are in [bold]
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Analysis of SpO2 levels in the subgroup of patients with less severe COVID-19 on admission revealed some 
changes over time both in the control and main groups, i.e. there was a significant increase from baseline 
to day 14: from 96 (95; 96)% to 98 (96.5; 99)%, p < 0.001 and from 96 (96; 96)% to 98 (97.5; 99)%, p < 0.001, 
respectively.

In the subgroup of more severe patients, SpO2 levels also increased by day 14 (p < 0.001), but more significantly 
in the Immunovac VP4 (Fig. 9). 

In the main group SpO2 levels were slightly lower compared to those in the control group (94 [94; 94)% 
vs. 95 [94; 95]%, respectively, p = 0.08), but on day 14 of treatment they were higher than in the control group 
(98 (97; 99)% vs. 97 (97; 97.8)%, p = 0.01).

Fig. 7.  The changes in salivary sIgA levels in the patients with a less severe disease at baseline by treatment.

 

Fig. 6.  The changes in pharyngeal sIgA levels in the patients with a more severe disease at baseline by 
treatment.
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Fig. 9.  The changes in SpO2 levels in patients with a more severe disease at baseline by treatment.

 

Fig. 8.  The changes in salivary sIgA levels in the patients with a more severe disease at baseline by treatment.
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Discussion
The search for new ways to influence the pathogenesis of COVID-19 in order to prevent unfavorable outcomes 
and potentially improve mucosal immunity encouraged us to carry out a more thorough assessment of the 
effects of Immunovac VP4, a bacterial-lysate agent, in COVID-19 patients in relation to their clinical status. 
Analysis of the clinical and laboratory data showed that patients hospitalized with a more severe disease had 
significantly lower sIgA levels in all NALT areas. The diagnosis of moderate-to-severe COVID-19 was confirmed 
by positive results with SARS-CoV-2 polymerase chain reaction (PCR), CT findings, elevated CPR levels and 
reduced blood oxygen saturation. The regression analysis revealed a significant inverse correlation between sIgA 
levels, and the percentage of lung involvement and C-reactive levels.

The correlation between sIgA levels and the severity of COVID-19 has not been fully investigated. Some 
authors have observed higher sIgA levels in severe COVID-19 patients31, while others report that a lower SARS-
CoV-2 viral load, which results in less severe COVID-19, is correlated with higher sIgA levels and an earlier 
appearance of sIgA in the mucosa32. Some studies have shown that the total titer of secretory immunoglobulin 
A contains antibodies specific to the SARS-CoV-2 virus. And the more severe the patient’s infection, the higher 
the local immune defense indicators21,33. However, whether mucosal immunity prevents the shedding of the 
infectious virus in SARS-CoV-2-infected individuals is unknown. Miyamoto et al. examined the relationship 
between viral RNA shedding dynamics, duration of infectious virus shedding, and mucosal antibody responses 
during SARS-CoV-2 infection. Anti-spike secretory IgA antibodies (S-IgA) reduced viral RNA load and 
infectivity more than anti-spike IgG/IgA antibodies in infected nasopharyngeal samples. Compared with the 
IgG/IgA response, the anti-spike S-IgA post-infection responses affected the viral RNA shedding dynamics 
and predicted the duration of infectious virus shedding regardless of the immune history34. Unfortunately, it is 
difficult to draw conclusions about the impact of baseline total sIgA levels on the course of COVID-19 due to 
the lack of such studies. Although there is a lot of information about the non-specific role of sIgA in protecting 
the respiratory tract35,36, this issue requires additional scientific discoveries in the context of studying the Novel 
coronavirus infection.

Considering the multifaceted antiviral activity and anti-inflammatory properties of sIgA, some authors 
suggest that sIgA prevent lower respiratory tract damage in COVID-19 patients; and taking into account the 
aforementioned information, this suggestion seems to be well grounded28. These suggestions support the 
assumption that more severe COVID-19 is associated with the initially reduced production of sIgA. It has been 
found that sIgA in the saliva of severe COVID-19 patients is also reactive to non-novel coronavirus, and this 
heterologous immune response consists of a non-protective cross-reaction37. Similarly, another study showed 
that cross reactive SARS-CoV-2 SIgA also existed in the saliva of people non-infected with the SARS-CoV-2 
virus, indicating that SIgA may be helpful in preventing SARS-CoV-2 infection38.

In our study we examined the levels of total sIgA. The analysis of the control group data also showed that 
more severe patients had lower baseline pharyngeal sIgA levels, which significantly increased by day 14 and 
subsequently decreased by day 30 of hospital stay. Less severe patients had higher baseline sIgA levels, which 
only slightly increased by day 14 of hospital stay and decreased below the baseline values by study day 30. Thus, 
initially higher sIgA levels are a prognostic sign for a less severe illness. 

A review of the literature suggests that the highest pharyngeal sIgA levels are observed 2–3 weeks after the 
onset of the disease, which then decrease substantially and disappear completely in 120 days39. In our study, the 
comparison of pharyngeal sIgA levels in the control and main groups revealed some tendencies in the subgroup 
of patients with less severe COVID-19: relatively higher baseline sIgA levels than in more severe patients, their 
slight increase on study day 14 and inverse changes on day 30 of hospital stay (a significant reduction in the 
control group and a significant increase in the main group, which was definitely related to the use of Immunovac 
VP4). 

Salivary sIgA levels are harder to interpret. They show wide fluctuations because the production of sIgA is 
influenced not only by β-adrenergic stimulation40, intestinal flora41 and neural pathways42 but also by a number 
of psychological factors. For instance, it was shown that exposure to videos related to COVID-19 significantly 
increased the production of salivary SARS-CoV-2-specific sIgA43. Although according to the common 
classification salivary glands are considered part of NATL, it should be acknowledged that their morphology 
and physiology, including participation in the regulation of sIgA secretion, make them significantly different 
from other compartments of the nasopharynx. Of note, considerably higher sIgA levels were seen in healthy 
people but not in COVID-19 patients44. 

The absence of any significant changes in nasal sIgA levels was expected. The upper respiratory tract and 
oral cavity are quite different both in terms of cellular composition and, consequently, immune responses. Local 
immunodeficiency in the nasal cavity may indicate viral damage to epitheliocytes, which might lead to frequent 
respiratory infections, and probably requires additional immunocorrective approaches aimed at enhancing 
mucosal immunity, for example, nasal form of medication containing bacterial ligands or recombinant 
interferons45. 

The most important finding was a clear increase in pharyngeal sIgA levels, which was associated with the use 
of Immunovac VP4. This change was most noticeable by day 30 of treatment because by this time the elevation of 
sIgA levels triggered by SARS-CoV-2 infection is much less significant. Similar results were previously reported 
with the use of Immunovac VP4 as immunotherapy in children with frequent and long-lasting illnesses46. Such 
effects of this agent are explained by the ability of Immunovac VP4 to stimulate maturation of dendritic cells 
and expression of co-stimulating and antigen-presenting molecules, including CD40 и interleukin (IL)-6 and 
IL-1047, which are mediators in the main cytokine pathway regulating sIgA production48. 

 In hospitalized COVID-19 patients continuous non-invasive monitoring of blood oxygen saturation was 
necessary, and SpO2 levels were an important indicator of the degree of respiratory failure and the patient’s 
response to respiratory support49,50. In our study, patients with only mild respiratory failure did not require 
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additional respiratory support except for low-flow oxygen therapy (up to 3 L/min). It should be noted that pulse 
oximetry was performed after at least a 15-min break after inhalation of humidified oxygen. One of the study 
objectives was to investigate the effects of immune therapy on SpO2 levels in COVID-19 patients. Analysis of data 
collected from patients receiving the standard treatment in accordance with the clinical guidelines developed 
by the Ministry of Health of the Russian Federation and those who were additionally given Immunovac VP4, 
as part of a combination treatment, starting from day 1 of hospital stay showed similar changes in SpO2 levels, 
which increased in both groups. However, in the Immunovac VP4 group this increase was more significant 
than in the control group (p = 0.01). We associate these results with the possible positive effect of immunotropic 
therapy on local immunity, in particular associated with the production of secretory immunoglobulin A in the 
respiratory sections of the lungs, as well as the activation of cellular mechanisms of immune defense, which 
helps resolve inflammatory changes in lung tissue, reduce the degree of alveolar exudation, which is reliably 
associated with an improvement in oxygen status 51. In vitro studies from our laboratory recently demonstrated 
that bacterial-lysates inhibits SARS-CoV-2 epithelial cell infection by downregulating SARS-CoV-2 receptor 
expression, raising the possibility that this bacterial extract might eventually complement the current COVID-19 
therapeutic toolkit52.

A disadvantage of our study was that we assessed only a few clinical features. We also did not evaluate the 
level of specific immunoglobulin A against the Sars-CoV-2 virus. In our previous papers we reported a more 
significant reduction in the intensity of inflammation on day 5 of illness in the Immunovac VP4 group compared 
to the control group, which was reflected by a significantly greater reduction in CRP levels, the duration of fever, 
and the length of hospital stay10,11.

It should also be noted that treatment with this bacterial lysate-based therapeutic agent resulted in restoration 
of sIgA levels, regardless of the magnitude of their initial reduction. This suggests that this medication might 
influence the mechanisms of post-COVID-19 syndrome. In COVID-19 patients, the study drug Immunovac 
VP4, a microbial-based immunomodulating agent induces the production of sIgA in the mucosa of the upper 
respiratory tract. This plays an essential role in achieving control over the infection in a timely manner and 
proving protection from the disease-causing pathogen.

Zhu et al. reveal new roles of bacterial lysates: OM-85 were discovered in prevention and treatment of lung 
cancer, pulmonary tuberculosis, SARS-CoV-2 infection, allergic rhinitis, pulmonary fibrosis, atopic dermatitis, 
and nephrotic syndrome. Pharmacoeconomic values of OM-85 were demonstrated in prophylaxis and treatment 
of RTIs, chronic obstructive pulmonary disease, asthma, chronic bronchitis, rhinosinusitis and allergic rhinitis. 
Two consecutive courses of OM-85 (6 or 12 months apart) could prevent recurrent RTIs in children. Maternal 
OM-85 treatment could offer benefits for offspring. Product-specific response was observed. The efficacy of OM-
85 may be associated with patient’s characteristics (eg, severity of the disease, age, immune response pattern, 
malignancy risk stratification)53. A wide range of anti-viral properties of sIgA, which are active at the site of 
pathogen invasion, bacterial lysates can be considered a promising drug for comprehensive prevention and 
treatment of viral droplet infections. 

Our study has several limitations. First of all it is lack of a study of the level of specific antiviral antibodies 
of the respiratory tract mucosaю We also studied a group with moderate COVID-19, and therefore it is not 
possible to assume the dynamics of clinical and laboratory parameters in the group with severe or mild disease. 
We also did not conduct a quantitative assessment of the viral load using PCR research, which could be a more 
accurate method for assessing the effectiveness of therapy, but relied on clinical and instrumental parameters 
that indirectly reflect the severity of the infection. Nevertheless, drugs based on bacterial ligands (in particular, 
Immunovac VP-4) can play an important role in immunomodulation of the course of COVID-19 and have a 
positive effect on clinical and laboratory parameters and recovery of patients. However, this area requires further 
research to study this problem. Here we discuss how our results and those from other groups are fostering 
progress in this field of research.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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