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Abstract
A clinical need for aetiotropic coronavirus disease (COVID-19) 
treatments is required. The immune modulator azoximer bromide 
(AZB; Polyoxidonium®) is indicated in Russia for use against 
acute viral infections and during remission. In this study, adults 
hospitalized with COVID-19 (n=32) received AZB and standard 
of care in an open-label, multicentre, interventional study. All 
patients were symptomatic; 22 had severe disease (National Early 
Warning Score ≥5) and required mechanical ventilation or oxygen 
saturation (SpO2) and 19 patients had co-morbidities. Patients 
received AZB 12 mg intravenously once daily for 3 days, then 
intramuscularly every other day (approximately ten injections) 
until discharge. The primary endpoint was the patient’s clinical 
status (7-point Ordinal Scale; OS) on day 15 versus that at baseline. 
The mean duration of hospitalization was 20 days. All patients 
were alive and discharged with normal SpO2 with no secondary 
infections or delayed mortality reported by the end-of-study visit 
(on day 28–72). A decrease in the mean OS and National Early 
Warning Score values was observed following treatment with 
AZB. A decrease in OS score was marked in patients identified as 
severe. Both sets of patients achieved similar scores, which can be 

classified as an improvement by day 9–10; SpO2 levels trended to 
normalization over time. By day 11–12, all patients had a normal 
body temperature. Serum C-reactive protein levels decreased in 
patients with severe and mild disease. Most patients had signs of 
pneumonia at baseline (n=27), with the majority recovering by 
days 10–12. No major toxicities were observed. AZB was safe and 
well tolerated when administered in addition to standard of care 
treatment for COVID-19. Further randomized, placebo-controlled 
studies are needed to elucidate any potential therapeutic effect in 
COVID-19.

Keywords: azoximer bromide (Polyoxidonium®), COVID-19, 
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Introduction
The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), a new virus and the cause of the coronavirus 
disease (COVID-19) pandemic, causes a spectrum of clinical 
presentations, ranging from asymptomatic infection to life-
threatening illness.1 More severe disease is characterized 
by infection of the lower respiratory tract, pneumonia and 

respiratory failure, which results in death in about 0.5% of 
confirmed cases.2 In Russia, more than a million cases of 
SARS-CoV-2 infection have been registered, with more than 
a million having recovered and more than 23,000 deaths 
being recorded.3 Although immune therapies and vaccines 
are becoming available,4,5 there still remains no confirmed 
aetiotropic treatments for COVID19; thus, there is a paramount 
need to develop a pharmacological defence against COVID-19. 
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Evidence-based therapy is currently limited to remdesivir, an 
anti-viral agent that has shown benefits in hospital discharge 
rates but with some associated toxicity,6 and dexamethasone, 
a broad-spectrum anti-inflammatory providing some relief in 
patients already requiring respiratory support.7

In COVID-19, immune dysregulation is observed in the early 
stages of the inflammatory immune response, in particular by 
an increase in inflammasome levels, interferon signaling8 and 
of inflammatory molecules such as IL-6. Innate cells, including 
neutrophils, myeloid cells, macrophages and natural killer 
lymphocytes, are key players in the inflammatory immune 
response. The rapid shedding of the IL-6 receptor (R) during 
neutrophil pyroptosis augments the IL-6/soluble IL-6R complex 
(trans-signalling). This enables the targeting of endothelial 
cells and amplifying the inflammatory process.9 The severity 
of the disease is mainly associated with the rapidity of the 
constitution of the cytokine storm, with macrophage activation, 
and myeloid-derived suppressor cells. These are frequently 
associated with high PD-L1 expression and NETosis, inducing 
immunothrombosis.10,11 In addition, this initial innate deregulated 
response is followed by an impaired adaptive cell response, with 
dendritic cell maturation blocked by high levels of IL-6. 

The variety of immune disorders offers different targets for 
therapeutic action on the pathogenic mechanisms of the 
disease. One of these is IL-6 deregulation, which is associated 
with immune dysfunction and contributes to the impairment 
of the immune-mediated virus.12 The rapid shedding of IL-6R 
during neutrophil pyroptosis at the very initial phase augments 
the IL-6/sIL-6R complex (trans-signalling), allowing the targeting 
of endothelial cells and amplifying the inflammation process.9 
Dendritic cell maturation is blocked by high levels of IL-6.10 
Unfortunately, anti-IL-6 drugs like tocilizumab and sarilumab 
do not achieve the desired therapeutic effect in some patients. 
For example, mortality in the group of patients on non-invasive 
mechanical ventilation treated with tocilizumab significantly 
decreased but still amounted to 18%.13 Another therapeutic 
target is myeloid cells.14 Severe COVID-19 is accompanied by 
deep immunosuppression with a predominance of immature 
neutrophils and granulocytic myeloid-derived suppressor cells 
(up to 90%), which are frequently associated with high PD-L1 
expression and NETosis-inducing immunothrombosis and tissue 
damage.11,12 

The reduction of C-reactive protein (CRP) could be a 
contributing factor, but there is currently no proof to suggest 
that it is associated with limiting immune suppression, as 
shown by cytotoxic T cell activity and limiting regulatory  
T cells in vitro. The heterogeneity of clinical manifestations  
and the complexity of immune disorders in COVID-19 
emphasize the need to find new therapeutic solutions with 
a focus on the mechanisms of cellular modulation. All data 
indicate the need for immune intervention in COVID-19, 
particularly with molecules that stimulate both the cellular 
and humoral response at the same time as reducing the 
dysregulated inflammatory response. 

Azoximer bromide (AZB; Polyoxidonium®) is a high-molecular-
weight synthetic immune modulator drug that increases the 
organism’s resistance to local and general infection and  
is indicated for the treatment of viral infections.15 In vitro 
studies demonstrated the multiple effects of AZB,  
including an increase in degranulation of natural killer 
lymphocytes, an increase of T cell proliferation, and the 
expansion and maturation of dendritic cells with the  
expression of several co-stimulatory molecules.16 AZB 
penetrates into the cell endosomal segment, where it is 
associated with increased micromolecular concentrations  
of hydrogen peroxide, an activator of some signalling 
molecules and transcription factors, in particular NF-κB,  
having detoxifying and antioxidant properties.13,17 In clinical 
use since 1996,18 AZB has shown a generally well-tolerated 
safety profile in multiple infectious diseases of viral and 
bacterial aetiology.19,20 The existing non-clinical and clinical 
data of the action of intravenous and intramuscular AZB 
provide the rationale to conduct this open-label study to 
observe its safety profile when added to the complex standard 
of care (SoC) of patients hospitalized with COVID-19.

The aim of this study was to observe the safety and efficacy 
of AZB as an addition to the complex treatment of patients 
hospitalized with COVID-19. This study is the first exploratory 
use of AZB in patients with COVID-19.

Methods
Study design and participants
This was an open-label, single-arm, multicentre, clinical study 
in patients with biologically confirmed SARS-CoV-2 infection 
performed according to the WHO Master Protocol procedures 
for clinical trials of investigational therapeutics as an adjuvant 
therapy for the treatment of COVID-19 in hospitalized 
patients.21 The study was conducted at five centres in Russia 
and one centre in Belarus in accordance with all applicable laws 
and regulations including, but not limited to, the International 
Council for Harmonization Guideline for Good Clinical Practice 
(ICH-GCP), the standards set out by the Research Governance 
Framework, the Medicines for Human Use (Clinical Trials) 
Regulations of 2004, and the ethical principles that have their 
origin in the Declaration of Helsinki. All patients provided either 
written or verbal informed consent. The trial protocol was 
reviewed and approved by an Independent Ethical Committee 
(Pharmnadzor: REC Number 229, April 9, 2020). The trial is 
registered on ClinicalTrials.gov (NCT04542226).22 

Eligible participants were adults aged 18 years or older, 
admitted to hospital due to COVID19 symptoms and with a 
verified diagnosis of COVID-19 determined by PCR or other 
commercial or public health assay prior to enrolment. Pregnant 
or breastfeeding patients, patients with any pathological 
condition that prevented their participation in the study as 
judged by the study physician, patients with hypersensitivity 
and/or intolerability to any ingredient of the investigational 
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product, or patients with acute or chronic renal failure were 
excluded (for further details see ref.22).

Study procedures 
All patients screened were included in the study and started 
dosing on the first day of hospitalization. Demographic data 
(date of birth, sex and race) and medical history (disease 
and surgical history, previous (within 4 weeks of the study) 
and concomitant treatments, medication allergies, tobacco 
use, alcohol, and/or drugs, as well as the date of onset of 
COVID-19 symptoms) were collected following signing of 
the informed consent form. Patients received 12 mg of 
intravenous AZB (lyophilizate for solution for injections 
and topical application; NPO Petrovax Pharm) once daily 
for 3 days (days 0–2), followed by AZB 12 mg administered 
intramuscularly every other day for 13 days until discharge 
(days 4–16), in addition to SoC treatment (as described below) 
for COVID-19 directed by the physician team and according to 
the recommendations provided by the Ministry of Health of 
the Russian Federation.23 The maximum number of injections 
was ten for patients who were still hospitalized throughout 
treatment.

Patient clinical status was assessed on days 1, 3, 5, 8, 11, 13 
and 15 for the requirement of oxygen, of non-invasive (via 
mask) or invasive (via endotracheal tube or tracheostomy 
tube) mechanical ventilation, or of extra corporeal membrane 
oxygenation. Data were collected following a 7-point Ordinal 
Scale (OS) as per the WHO Master Protocol (V.3.0, March 3, 
2020).24 Further assessments included disease severity based 
on the 7-parameter National Early Warning Score (NEWS; 
respiration rate, SpO2, any supplemental oxygen, temperature, 
systolic blood pressure, heart rate, level of consciousness)25 
recommended by WHO and multiple organ failure in intensive 
care patients with septic syndrome using the Sequential Organ 
Failure Assessment score.26 

Other assessments included physical examination (including 
lung auscultation, data not shown), evaluation of chest X-ray or 

CT scans, SpO2 measurements, electrocardiogram, laboratory 
tests (haematology, including serum CRP biochemistry and 
urinalysis), nasopharyngeal and/or oropharyngeal smear 
collection, and bacteriological inoculation of sputum. 
Following hospital discharge, patients continued to be 
monitored until they completed an end-of-study assessment 
(at least until day 29) conducted in the form of the outpatient 
visit or by telephone. 

Outcome measures 
The primary endpoint, as defined in the protocol, was the 
evaluation of the patient’s clinical status using the 7-point 
OS (Table 1) on day 15, specified as the primary endpoint 
in the WHO Master Protocol,24 compared with the value at 
baseline. Secondary outcomes included clinical severity 
change assessed by the 7-point OS score and NEWS;25 patients’ 
OS and NEWS values on the last observation day (end-of-
study assessment); duration of hospitalization (from start 
until discharge); signs of pneumonia evidenced by CT scans 
and chest X-rays; body temperature; and blood SpO2 values 
(from baseline until day 17). The dynamics and time-to-event 
analyses were performed for OS score with the threshold 
set either at 2 or ‘discharge from hospital on the next day’ 
whichever occurred first. However, due to specific routine 
procedures for most patients, discharge occurred earlier than 
the recording of an OS score of 2. For the over-time dynamics 
analysis, discharged patients were treated as having an OS 
score of 2 starting from the next day after discharge until 
measurement of OS on the follow-up visit. Based on the 
baseline NEWS values, patients were assigned to one of two 
groups, namely as having severe (NEWS ≥5, n=22) or mild 
(NEWS ≤4, n=10) COVID-19.24

Standard evaluation of safety was made, including the 
cumulative incidence of serious adverse events (AEs) or 
reactions, the cumulative incidence of AEs or reactions, and 
the permanent or temporary discontinuation of infusions or 
injections (by any cause).

Table 1. Seven-point ordinal score according to the World Health Organization Master 
Protocol.

Ordinal score Event

1 Not hospitalized, no limitations on activities

2 Not hospitalized, limitation on activities

3 Hospitalized, not requiring supplemental oxygen

4 Hospitalized, requiring supplemental oxygen

5 Hospitalized, on non-invasive ventilation or high-flow oxygen devices

6 Hospitalized, on invasive mechanical ventilation or extracorporeal membrane 
oxygenation

7 Death
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Statistical analysis
We followed a pre-specified statistical analysis plan using 
intention-to-treat (ITT; all patients who received at least one 
dose of study drug) analysis as well as informal hypothesis 
testing (end-of-study versus baseline) at the 5% α-level with 
95% CIs. All analyses were performed using SAS version 9.4 (SAS 
Institute, Cary, NC, USA).

Safety endpoints were described as frequencies (%). Interval 
(quantitative) data were described using arithmetic mean, 
standard deviation and 95% CIs for means. Categorical 
(qualitative) data were described with incidences, percentage 
or proportions, and 95% CIs for percentage or proportions. 
The time-to-event data were processed via survival analysis 
using Kaplan–Meier curves and 95% CIs with no adjustment 
for potential confounding factors. Standard parametric tests 
were performed for comparison of quantitative data with 
normal distribution and included Student’s t-test and analysis 
of variance for repeated measurements. The standard non-
parametric Mann–Whitney U, Wilcoxon T and Friedman tests 
were performed for comparison of quantitative data with 
distribution other than normal. The Shapiro–Wilk test was 
used to test the normality of the distribution. Incidences were 
compared with Pearson’s χ2 test or Fischer’s exact test. The 
significance level was p=0.05 (5%) for all statistical analyses. 

Results
Patient characteristics and clinical 
presentation at baseline
Patients were recruited to the study from March 31, 2020 
until the 12th of June 2020. A total of 32 patients were 
included in the ITT population and received AZB. The 
results are presented for the ITT population. Twelve patients 
received the complete treatment course of 10 injections of 
AZB, 11 patients received 9 injections, 8 patients received 8 
injections, and 1 patient received 7 injections. Two patients 
being treated at the same site received 6 mg injections 
instead of 12 mg. These patients were also receiving 
treatment for existing cancer and the investigator modified 
the dose based on their condition and not due to any 
observed reaction to AZB. 

The demographic and baseline characteristics, including 
comorbidities, severity of disease and duration of symptoms, 
are presented in Table 2. Patients presented with the 
following complaints on admission: weakness and fatigue 
(n=32; 100%), cough (n=29; 90.6%), dyspnoea (n=25; 78.1%), 
and fever (body temperature ≥38°C) (n=22; 68.8%). Basic 
anti-COVID-19 medication (SoC) was prescribed according 
to the existing clinical recommendations27 and included 

Table 2. Demographic and baseline characteristics.

Population Mild disease 
n=10

Severe disease 
n=22

Age, years, mean (SD) 50.59 (11.79) 49.4 (15.6) 51.1 (10.0)

Sex, male/female, n (%) 18 (56.3)/14 (43.8) 4 (40.0)/6 (60.0) 14 (63.6)/8 (36.4)

Ordinal Scale score, mean (SD) 4.19 (0.97) 3.50 (0.97) 4.50 (0.80)

National Early Warning Score values,  
mean (SD)

6.97 (3.59) 3.00 (1.63) 9.36 (1.71)

Signs of pneumonia, n (%) 27 (84.4%) 6 (60.0) 21 (95.5)

Oxygen saturation (SpO2), %, mean (SD) 92.23 (3.21) 95.50 (2.01) 90.62 (2.27)

Respiratory support, n (%)

Invasive lung ventilation 3 (9.4%) 1 (10.0%) 2 (9.1%)

Non-invasive lung ventilation* 9 (28.1%) 0 (0.0%) 9 (40.9%)

Oxygen therapy 11 (34.4%) 2 (20.0%) 9 (40.9%)

None 9 (28.1%) 7 (70.0%) 2 (9.1%)

Time from disease onset to treatment 
initiation, days

7.55 (4.47) 7.37 (4.65) 7.90 (4.33)

Concomitant medication (by type), n (%)

Antiretroviral 20 (62.5) 3 (30.0) 17 (77.3)

Anticoagulant 14 (43.8) 4 (40.0) 10 (45.5)

Antimalarial 14 (43.8) 6 (60.0) 8 (36.4)

*Followed by oxygen therapy in some patients.
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antiviral therapy, mostly lopinavir plus ritonavir, rarely 
umifenovir or ribavirin; standard antibiotics, anticoagulants, 
mostly low-molecular-weight heparin; hydroxychloroquine; 
and paracetamol and corticosteroids (in two patients). 
Comorbidities were reported in 19 patients and included 
arterial hypertension, diabetes, metabolic syndrome, 
coronary heart disease, chronic kidney disease, arrhythmia, 
cirrhosis, and cancer. Twenty-seven patients had signs  
of pneumonia, according to the data obtained from  
CT scans or X-rays. 

Clinical response 
The mean of hospitalization duration was 20.25±4.87 days. 
The minimal duration of hospitalization was 14 days and 
maximal duration was 38 days. All patients were alive and 
discharged from hospital with no secondary infections or 

delayed mortality by the end-of-study visit. Discharge  
from hospital concurred with the OS score reduction 
from 3 to 2 or 1. The main indicators of pneumonia and 
lung function (oxygen saturation, pneumonia signs, body 
temperature) showed gradual recovery and normalization. 

A gradual decrease in the mean values of both OS (Figure 1) 
and NEWS (Figure 2) was observed during the  
study. The gradual decrease in mean OS score was more 
prominent in the group of patients with severe disease (Figure 
1B). Both groups of patients reached very similar scores, which 
were classified as an improvement, by days 9–10 (Figure 1B). 
Patients in the different severity groups had similar rates of 
discharge. 

The dynamics and time-to-event analyses were also performed 
for NEWS with the threshold set at 2 (Figure 2). Again, the 
gradual decrease in mean NEWS values was more prominent in 

Figure 1. Evolution of the Ordinal Scale during the azoximer bromide treatment and the follow-up periods:  
over-time dynamics (panels A and B) and time-to-event analysis (panels C and D) for the whole 
population (n=32) (panels A and C) and the two subpopulations: severe (n=22) and mild (n=10) 
COVID-19 (panels B and D).
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normalization was approximately 0.6 (Figure 4). By days 11–12, 
all patients had a normal body temperature. 

C-reactive protein 
Mean values in CRP showed a gradual decrease to six times 
less than those at baseline by day 13 (Figure 5). The decrease in 
CRP levels was simultaneously observed for both patients with 
severe and those with non-severe disease. 

Pneumonia recovery 
In 16 patients, the pneumonia resolved between days 10 
and 12 (Figure 6). In 15 patients, all CT scans or X-rays taken 
during hospital stay showed signs of pneumonia; however, 
some of these CT or X-rays were taken quite early and no 
further CT or X-ray evidence was available for these patients. 
A standard improvement probability curve was plotted 
for the whole population, including those 15 patients who 

Figure 2. Evolution of National Early Warning Score values during azoximer bromide treatment and the  
follow-up periods.

the group of patients with severe disease (Figure 2B). Patients 
in the mild disease group achieved NEWS values ≤2 quicker 
compared with those in the severe disease group (Figure 2B). 

Oxygen saturation showed a gradual increase and 
normalization during the study (Figure 3). All patients were 
discharged from hospital with normal SpO2 levels (≥95%), 
including those who had received invasive lung ventilation 
(n=3) or non-invasive lung ventilation (n=9), and those with 
baseline COVID-19 of high severity (NEWS value ≥9, n=16). The 
gradual improvement in blood saturation was more prominent 
for the severe group (Figure 3B). The increase in blood SpO2 
to normal levels was observed on days 6–8 (Figure 3A). At 
that point, SpO2 in the severe disease group approached the 
corresponding levels observed in the group with mild disease 
(Figure 3B). 

At baseline, 16 (50%) patients had body temperatures of 38°C 
or above, whereas 6 (18.8%) patients had body temperatures 
over 39°C. By day 5, the probability of body temperature 
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Figure 3. Improvement of SpO2 during azoximer bromide treatment: in the overall population (panel A, n=32) 
and in patients with severe (n=22) and mild (n=10) COVID-19 (panel B).

Figure 4. Time-to-event analysis of the 
evolution of body temperature during 
treatment with azoximer bromide and 
the follow-up period in the overall 
population (n=32). Figure 5. C-reactive protein dynamics.

retained some pneumonia signs by CT or X-ray investigation 
(Figure 6). 

Concomitant medications
A comparison of the gradual changes in NEWS values, OS 
score, blood SpO2 and body temperature was performed in 
subgroups of patients defined by concomitant medications. 
There were three such subgroups: antivirals, anticoagulants and 
hydroxychloroquine (Table 2). However, no essential differences 
were observed for these parameters in these patient subgroups. 
The only remarkable finding was the difference in baseline 

severity of symptoms between patients who did or did not 
receive antiviral medication: NEWS values were substantially 
higher in patients receiving antiviral therapy at baseline. In the 
anticoagulant subgroup, the NEWS values for patients treated 
and untreated were similar at baseline. NEWS values for patients 
who received hydroxychloroquine at baseline were lower than 
for those who did not receive treatment. 

Safety 
No major toxicities were observed during this study. Four 
AEs were recorded in four patients, including prolongation 
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with COVID-19, including in those with severe disease 
as well as in patients with dysimmune diseases or other 
infections, due to its early anti-oxidant, pro-phagocytosis 
and anti-inflammatory properties.13,15,28,29 In addition, AZB 
has been shown to stimulate the immune response by 
promoting antigen presentation and cytotoxic activity.16 
In the present study, AZB was safe and well tolerated and 
showed promising results in decreasing the OS and NEWS 
values, decreasing CRP (an infection marker), increasing 
blood saturation and decreasing body temperature; these 
effects were observed even in patients with severe COVID-19 
(NEWS ≥5).

No deaths were observed in the study population receiving 
AZB. Considering the rates of mortality reported for similar 
populations of patients with COVID-19 in Russia at the time of 
this study,30 estimates suggest that, with 23 patients admitted 
needing respiratory support, we should have expected at 
least five deaths in the study population. Furthermore, there 
was a relatively high incidence of comorbidity in our patient 
group (19/32 patients had co-morbidities including diabetes 
and other types of ‘weighted’ co-morbidities). As patients with 
comorbidities tend to experience less fortuitous outcomes 
following COVID-19,31 the absence of mortality in our study 
group appears to support a beneficial effect of AZB that warrants 
further investigation in an adequately controlled, randomized 
clinical trial. 

The decrease in OS score from baseline to days 15–17 was less 
prominent than the NEWS values and was not sufficient to 
evaluate the patients’ clinical improvement. Time-to-event 
analysis also showed that, according to the OS score, the 
turning time point for improvement was shifted rightwards 
along the time axis (i.e. it occurred later) compared with the 
same analysis of the NEWS values. Thus, most patients reached 
the NEWS value of 2 faster than they were discharged from 
hospital. Thus, in the current study, with the given threshold 
values, the NEWS scale is likely to have been more sensitive to 
changes in patients’ condition and to better reflect the overall 
recovery process.

AZB was administered in addition to SoC treatments such as 
antiviral medication, anticoagulants or hydroxychloroquine 
and no apparent interaction with any of these drugs was 
noted, further confirming its safety and tolerability. There were 
differences in symptom severity at baseline between patients 
with regard to their treatment: NEWS values for patients who 
received hydroxychloroquine at baseline were lower than 
those of patients who did not receive this treatment. These 
differences could represent the real therapeutic situation 
presently available, which varies greatly from site to site and 
from country to country as well as according to physicians’ 
personal clinical judgement. 

The limitations of the present study include the fact that 
it was conducted as an open-label, multicentre, non-
interventional observational study in the absence of a  

of the pulse rate interval on the electrocardiogram, possibly 
associated with the lopinavir plus ritonavir treatment in two 
patients and with hyperthermia, considered by the investigator 
as a reason to postpone the next AZB injection for 1 day; no 
association with AZB therapy was established in two patients. 
All AEs were not serious they resolved without additional 
interventions or by AZB therapy cessation. All four AEs were not 
associated with AZB treatment but were rather consequences 
of other therapies or of severe COVID-19. It is worth mentioning 
that all four patients who developed AEs had maximum NEWS 
values of 9–13. 

Discussion
At the time of writing, Russia ranks fourth place in terms 
of the number of detected cases of COVID-19 worldwide. 
More than 1.2 million cases of infection have already been 
noted; it is most likely that the COVID-19 epidemic will 
continue both in Russia and the world for the foreseeable 
future. Russian epidemiologists predict that SARS-CoV-2 may 
become a constantly circulating virus and, together with 
other respiratory viruses (influenza viruses, rhinoviruses, etc.), 
will cause new outbreaks of the disease in all parts of the 
world. In many countries, the active development of vaccines 
against COVID-19 is underway and they are gradually being 
implemented.

AZB represents a class of drugs that could be termed 
‘regulators of inflammation/immunity’. AZB has been 
shown to reduce the inflammatory process in patients 

Figure 6. Time-to-event analysis of pneumonia 
symptoms dynamics during treatment 
and follow-up periods.a

aObservations from patients who retained pneumonia 
signs (n=15) were denoted by crosses, disappearance 
of pneumonia in patients with improvement, 
evidenced by computed tomography scan and X-ray 
(n=16), was shown by steps. 
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formal control group. Patients received various treatment 
regimens for COVID-19 (antiviral agents, antimalarial agents, 
anticoagulants, etc.), depending on local management 
protocols. Consequently, it is not possible to fully identify 
the exact impact, if any, of AZB on the patient outcomes. 
However, we feel that the present data provide a signal of 
possible beneficial effects in the absence of safety concerns 
that should be investigated in appropriately powered and 
designed clinical trials. 

https://doi.org/10.7573/dic.2020-11-1
http://drugsincontext.com
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1126/science.abc3517
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1016/S0140-6736(20)32623-4
https://doi.org/10.1016/S0140-6736(20)31022-9
https://www.drugsincontext.com/wp-content/uploads/2021/03/dic.2020-11-1-COI.pdf
https://doi.org/10.7573/dic.2020-11-1
https://www.drugsincontext.com/the-effect-of-azoximer-bromide-polyoxidonium-in-patients-hospitalized-with-coronavirus-disease-covid-19-an-open-label-multicentre-interventional-clinical-study
https://www.drugsincontext.com/the-effect-of-azoximer-bromide-polyoxidonium-in-patients-hospitalized-with-coronavirus-disease-covid-19-an-open-label-multicentre-interventional-clinical-study
mailto:jeanfrancoisrossi@me.com
mailto:editorial@drugsincontext.com
mailto:david.hughes@bioexcelpublishing.com


Efimov SV, Matsiyeuskaya NV, Boytsova OV, et al. Drugs in Context 2021; 10: 2020-11-1. DOI: 10.7573/dic.2020-11-1 10 of 10
ISSN: 1740-4398

ORIGINAL RESEARCH – Effect of azoximer bromide in COVID-19 patients drugsincontext.com

7. Horby P, Lim WS, Emberson JR, et al. Dexamethasone in hospitalized patients with COVID-19 - preliminary report. N Engl J Med. 
2020. https://doi.org/10.1056/NEJMoa2021436

8. Bastard P, Rosen LB, Zhang Q, et al. Autoantibodies against type I IFNs in patients with life-threatening COVID-19. Science. 
2020;370:eabd4585. https://doi.org/10.1126/science.abd4585

9. Yap JKY, Moriyama M, Iwasaki A. Inflammasomes and pyroptosis as therapeutic targets for COVID-19. J Immunol.  
2020;205(2):307–312. https://doi.org/10.4049/jimmunol.2000513

10. Paces J, Strizova Z, Smrz D, et al. COVID-19 and the immune system. Physiol Res. 2020;69:379–388.  
https://doi.org/10.33549/physiolres.934492

11. Schulte-Schrepping, J, et al. Severe COVID-19 is marked by a dysregulated myeloid cell compartment. Cell. 2020;182:1419–1440.
e23. https://doi.org/10.1016/j.cell.2020.08.001

12. Middleton EA, He X-Y, Denorme F, et al. Neutrophil extracellular traps contribute to immunothrombosis in COVID-19 acute 
respiratory distress syndrome. Blood. 2020;136(10):1169–1179. https://doi.org/10.1182/blood.2020007008

13. Menzella F, Fontana M, Salvarani C, et al. Efficacy of tocilizumab in patients with COVID-19 ARDS undergoing noninvasive 
ventilation. Crit Care. 2020;24:589. https://doi.org/10.1186/s13054-020-03306-6

14. Mazzoni A, Salvati L, Maggi L, et al. Impaired immune cell cytotoxicity in severe COVID-19 is IL-6 dependent. J Clin Invest. 
2020;130(9):4694–4703. https://doi.org/10.1172/JCI138554

15. Petrovax. Medical application instruction for POLYOXIDONIUM® http://petrovax.com/upload/produkty/PIL%20with%20Mod%20
%E2%84%96%E2%84%961-2%20PO-inj%20P%20N002935.02.pdf. Accessed September 30, 2020.

16. Alexia C, Cren M, Louis-Plence P, et al. Polyoxidonium® activates cytotoxic lymphocyte responses through dendritic cell 
maturation: clinical effects in breast cancer. Front Immunol. 2019;10:2693. https://doi.org/10.3389/fimmu.2019.02693

17. Dyakonova VA, Dambaeva SV, Pinegin BV, et al. Study of interaction between the polyoxidoniium immunomodulator and the 
human immune system cells. Intern Immunopharmacol. 2004;4:1615–1623. https://doi.org/10.1016/j.intimp.2004.07.015

18. Toptygina A, Semikina E, Alioshkin V. Influence of an immunopotentiator polyoxidonium on cytokine profile and  
antibody production in children vaccinated with Priorix. Arch Physiol Biochem. 2012;118(4):197-203.  
https://doi.org/10.3109/13813455.2012.659669

19. Pružinec P, Chirun N, Sveikata A. The safety profile of Polyoxidonium in daily practice: results from postauthorization safety study 
in Slovakia. Immunotherapy. 2018;10:131137. https://doi.org/10.2217/imt-2017-0116

20. Luss LV, Martynov-Radushinsky AA. The role and place of immunomodulating therapy in the treatment of infectious  
and inflammatory diseases in patients with secondary immune deficiency. Medical Council. 2013;11:78–81.  
https://doi.org/10.21518/2079-701X-2013-11-78-81

21. National Health System (NHS). Guidance and standard operating procedure. COVID-19 virus testing in NHS laboratories. 
Publications approval reference: 001559, March 16, 2020. https://www.ibms.org/resources/documents/guidance-and-standard-
operating-procedure-covid-19-virus/. Accessed August 20, 2020.

22. ClinicalTrials.gov. Observational open study of polyoxidonium in hospitalized patients with COVID-19.  
https://clinicaltrials.gov/ct2/show/NCT04542226. Accessed September 30, 2020.

23. Meeting of the Presidium of the Government Coordination Council to control the incidence of the novel coronavirus infection in 
the Russian Federation [published online March 25, 2020]. http://government.ru/en/news/39265/. Accessed September 30, 2020.

24. MASTER PROTOCOL. A multi-centre, adaptive, randomized, double-blind, placebo-controlled clinical trial of the safety and 
efficacy of investigational therapeutics for the treatment of COVID-19 in hospitalized patients. Electronic source free access: 
https://www.who.int/publications/i/item/covid-19-therapeutic-trial-synopsis. Accessed March 13, 2020.

25. National Early Warning Score (NEWS). https://www.mdcalc.com/national-early-warning-score-news. Accessed September 30, 2020.
26. Sequential Organ Failure Assessment (SOFA) score. https://www.mdcalc.com/sequential-organ-failure-assessment-sofa-score. 

Accessed September 30, 2020.
27. National Institutes of Health. COVID-19 treatment guidelines. https://www.covid19treatmentguidelines.nih.gov/whats-new/. 

Accessed September 30, 2020.
28. Zarubina IV, Shabanov PD. Antioxidant effect of polyoxidonium and metaprot during bronchopulmonary inflammation in rats. 

Bull Exp Biol Med. 2015;160(2):234–237. https://doi.org/10.1007/s10517-015-3137-9
29. Mukhamadieva LR, Mavzyutova GA, Fazlyeva RM, et al. Clinical and immunological efficiency of imunofan and polyoxidonium  

in combined therapy of community-acquired pneumonia. Med Immunol. 2009;11(1):57–62.  
https://doi.org/10.15789/1563-0625-2009-1-57-62

30. Glybochko P, Fomin V, Moiseev S, et al. Clinical outcomes of patients with COVID-19 admitted for respiratory support to  
the intensive care units in Russia. Klini ches kaya farmakologiya i terapiya 2020;29(3):25–36.  
https://doi.org/10.32756/0869-5490-2020-3-25-36

31. Yan Y, Yang Y, Wang F, et al. Clinical characteristics and outcomes of patients with severe COVID-19 with diabetes. BMJ Open 
Diabetes Res Care. 2020;8:e001343. https://doi.org/10.1136/bmjdrc-2020-001343

https://doi.org/10.7573/dic.2020-11-1
http://drugsincontext.com
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1126/science.abd4585
https://doi.org/10.4049/jimmunol.2000513
https://doi.org/10.33549/physiolres.934492
https://doi.org/10.1016/j.cell.2020.08.001
https://doi.org/10.1182/blood.2020007008
https://doi.org/10.1186/s13054-020-03306-6
https://doi.org/10.1172/JCI138554
http://petrovax.com/upload/produkty/PIL%20with%20Mod%20%E2%84%96%E2%84%961-2%20PO-inj%20P%20N002935.02.pdf
http://petrovax.com/upload/produkty/PIL%20with%20Mod%20%E2%84%96%E2%84%961-2%20PO-inj%20P%20N002935.02.pdf
https://doi.org/10.3389/fimmu.2019.02693
https://doi.org/10.1016/j.intimp.2004.07.015
https://doi.org/10.3109/13813455.2012.659669
https://doi.org/10.2217/imt-2017-0116
https://doi.org/10.21518/2079-701X-2013-11-78-81
https://www.ibms.org/resources/documents/guidance-and-standard-operating-procedure-covid-19-virus/
https://www.ibms.org/resources/documents/guidance-and-standard-operating-procedure-covid-19-virus/
https://clinicaltrials.gov/ct2/show/NCT04542226
http://government.ru/en/news/39265/
https://www.who.int/publications/i/item/covid-19-therapeutic-trial-synopsis
https://www.mdcalc.com/national-early-warning-score-news
https://www.mdcalc.com/sequential-organ-failure-assessment-sofa-score
https://www.covid19treatmentguidelines.nih.gov/whats-new
https://doi.org/10.1007/s10517-015-3137-9
https://doi.org/10.15789/1563-0625-2009-1-57-62
https://doi.org/10.32756/0869-5490-2020-3-25-36
https://doi.org/10.1136/bmjdrc-2020-001343


A continuous publication, open access, peer-reviewed journal

Efimov SV, Matsiyeuskaya NV, Boytsova OV, et al. Drugs in Context 2021; 10: 2021-5-2. DOI: 10.7573/dic.2021-5-2 1 of 2
ISSN: 1740-4398

 

CORRIGENDUM

Abstract
The authors wish to make the following corrections to their 
article: 

Efimov SV, Matsiyeuskaya NV, Boytsova OV, et al. Corrigendum: 
The effect of azoximer bromide (Polyoxidonium®) in patients 
hospitalized with coronavirus disease (COVID-19): an open-label, 
multicentre, interventional clinical study. Drugs in Context 2021; 
10: 2021-11-1. DOI: 10.7573/dic.2020-11-1

Corrigendum: The effect of azoximer bromide (Polyoxidonium®) in patients 
hospitalized with coronavirus disease (COVID-19): an open-label, multicentre, 
interventional clinical study 

ACCESS ONLINE

Corrigendum 
The authors regret that there are errors in their original paper.

The following shows where original text has been removed 
(strikethrough) and new wording introduced (underlined).

Page 1, ‘Abstract’ section
All patients were symptomatic; 22 had severe disease (National 
Early Warning Score ≥5) and required mechanical ventilation or 
oxygen saturation (SpO2) respiratory support and 19 patients 
had co-morbidities.

All patients were alive and discharged with normal SpO2 
oxygen saturation (SpO2) with no secondary infections  

or delayed mortality reported by the end-of-study visit  
(on day 28–72).

Page 1, ‘Keywords’ section
Keywords: azoximer bromide (Polyoxidonium®), COVID-19, 
inflammation, observational interventional study.

Page 5, Figure 2
Figure 2C has been updated.

Page 7, Figure 5
Figure 5 has been updated.
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Figure 2. Evolution of National Early Warning Score values during azoximer bromide treatment and the  
follow-up periods

Figure 5. C-reactive protein dynamics.
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