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ABSTRACT 

The transmission characteristic of COVID-19 is of similar magnitude to severe acute respiratory 

syndrome-related coronavirus (SARS-CoV) and the 1918 pandemic influenza. The virus is now in 

50 countries and on nearly all continents. The World Health Organization (WHO) says to 

prepare for a pandemic. There is no current evidence from random clinical trials (RCTs) to 

recommend any specific anti-COVID-19 treatment for patients with suspected or confirmed 

COVID-19 infection. In order to mitigate the impact of the COVID-19 outbreak, here we propose 

an innovative superinfection therapeutic (SIT) strategy, which could complement the 

development of prophylactic vaccines. SIT is based on clinical observations that unrelated 

viruses might interact in co-infected patients. During SIT, the patient benefit from 

superinfection with an apathogenic dsRNA virus such as the infectious bursal disease virus 

(IBDV), which is a powerful activator of the interferon-dependent antiviral gene program. An 

attenuated vaccine strain of IBDV was already successfully administered to resolve acute and 

persistent infections induced by two completely different viruses, the hepatitis B (DNA) and C 

(RNA) viruses (HBV/HCV). Importantly, the epidemiological efficacy of a similar strategy to SIT 

had already been successfully tested in large controlled trials. Standard live orally administered 

enterovirus vaccines that stimulate the production of endogenous interferon of the host 
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mitigated the seasonal outbreaks of influenza and other associated acute respiratory infections 

in 152,042 individuals without adverse reactions. 

Keywords: new coronavirus; COVID-19; superinfection therapy (SIT); apathogenic dsRNA virus; 
interferon-dependent antiviral genes; broad-spectrum antiviral treatment; clinically tested. 

Introduction 

Li et al proposed in the Journal of Medical Virology that the star-like signal and topology of 
COVID-19 may be indicative of potentially large 'first generation' human-to-human virus 
transmission (Li, et al., 2020). Riou and Althaus performed stochastic simulations of early 
outbreak trajectories and found the basic reproduction number (R0) to be around 2.2, 
indicating the potential for sustained human-to-human transmission (Riou and Althaus, 2020). 
The transmission characteristics seems to be of similar magnitude as severe acute respiratory 
syndrome-related coronavirus (SARS-CoV) in 2003 and the 1918 pandemic influenza epidemic. 
The virus is in 50 countries and on nearly all continents, with more than 90,000 cases and more 
than 3,000 lives lost to date.1 The World Health Organization (WHO) says to prepare for a 
pandemic. Researchers should therefore move rapidly toward development of medical 
countermeasures (Phelan, et al., 2020). 

In order to mitigate the impact of the COVID-19 outbreak, here we propose an innovative 
therapeutic strategy, which could complement the development of prophylactic vaccines 
(Kovesdi and Bakacs, 2019) (Bakacs, et al., 2018). The clinically validated viral superinfection 
therapy (SIT) platform technology may contribute to our pandemic preparedness. SIT is an 
entirely different modality from the antiviral drugs currently in pipelines as it exploits an 
apathogenic dsRNA viral vector (infectious bursal diseases virus; IBDV R903/78) that activates 
the interferon-dependent antiviral gene program of the human body. SIT is a therapeutic 
approach where a non-pathogenic virus is used to infect patients harboring a pathogenic virus 
and so reduce or eliminate the pathogenic virus caused symptoms. An attenuated vaccine 
strain of IBDV was already successfully administered to resolve infections induced by two 
completely different viruses, the hepatitis B (DNA) and C (RNA) viruses (HBV/HCV) in acute and 
decompensated chronic hepatitis patients (Csatary, et al., 1998) (Csatary, et al., 1999). 
Importantly, this virus is also a potential vaccine vector drug candidate, since a recombinant 
IBDV was previously generated that displays exogenous viral peptides from a replication 
competent IBDV (Upadhyay, et al., 2011). The epidemiological efficacy of a similar strategy to 
SIT using attenuated vaccine viruses that stimulate the production of endogenous interferon of 
the host had already been tested in pivotal large scale clinical trials 2 as described below. 

Oral administration of live enterovirus vaccines safely reduced disease incidence in 152,042 
healthy individuals during autumn-winter outbreaks of acute respiratory diseases 

At least 110 types of viruses are now being associated with acute respiratory infections (ARIs). A 
completely new principle of prevention is required during influenza and other associated acute 
respiratory infections outbreaks of diseases that come along with actual flu. This principle is 
based on the use of standard live enterovirus vaccines that stimulate the production of 

 
1 https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 
2 https://www.ncbi.nlm.nih.gov/pubmed/1338742 
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endogenous interferon of the host. To this end, controlled trials of epidemiological efficacy 
were carried out during three seasonal outbreaks of influenza and other associated acute 
respiratory infections (between 1968-1971) in 16 regions of three republics in the former Soviet 
Union.3 The surveillance covered about 320,000 people, 2/3 of whom have orally received live 
enteroviral interferon-inducing vaccine strains (LEV) 2–3 times. No adverse reactions was 
observed following the administration of LEVs. The enterovirus vaccines provided protection for 
at least 22,700 people from influenza and ARIs in 152,042 individuals by reducing the incidence 
on average by 3.2 fold compared to controls who did not receive LEVs. Administration of 
enterovirus vaccines 2–3 times at intervals of 10–14 days provided 3–5 weeks protection 
against influenza and acute respiratory infections. Oral administration (in liquid form, or as jelly 
beans) of the interferon-inducing enterovirus vaccines was the most convenient, but intranasal 
delivery was also effective. Typically, a dose of vaccine contained 1 million culture infectious 
units of the virus. The post-infection administration of standard LEVs at the beginning of 
outbreaks of influenza and ARIs had a therapeutic effect ameliorating the disease. Importantly, 
in 12 patients the symptoms of the disease were abolished within 10-12 hours after taking the 
vaccine. In 6 individuals a significant improvement was observed within 10-12 hours, while the 
symptoms completely disappeared within 24 hours. 

A testable hypothesis 

No specific coronavirus antivirals or vaccines of proven efficacy exist for humans (Wang, et al., 
2020). Therefore, in cases of Acute Respiratory Distress Syndrome (ARDS) we propose the use 
of SIT but only in the context of the Monitored Emergency Use of Unregistered Interventions 
Framework (MEURI) with strict monitoring. We expect that morbidity and mortality rates of 
ARDS cases could be substantially reduced by the clinically tested innovative post-exposure SIT. 
Since interferon is active against most vertebrate-infecting viruses, SIT could be developed into 
the first biologic drug candidate, for a new broad-spectrum antiviral “one drug, multiple bugs” 
treatment approach of viral diseases the Science called for (Bekerman and Einav, 2015). 

Actually, SIT is a technological platform, which is clearly different from existing approaches that 
could be scaled up rapidly at low-cost with a strong likelihood of achieving a substantial impact 
in the near term. Therefore, SIT could be quickly developed into an easy-to-produce and nasally 
or orally administered therapeutic vaccine to alleviate the deadly lag phase of surge capacity in 
vaccine production in a pandemic. It is simple to administer and feasible even in resource 
limited settings. 

Even if COVID-19 vaccine production is conducted at breakneck pace as it was announced by 
the Coalition for Epidemic Preparedness Innovations (CEPI), in the best-case scenario, vaccine 
will be ready for larger, real-world efficacy tests in humans by summer.4 But even if 
experimental vaccines work in clinical trials, mass production is still a huge challenge, which 
could require year(s). 

Because of its major economic importance to the world's poultry industries, attenuated IBDV 
strains are used as commercial vaccines. These vaccines have an excellent safety record. 

 
3 https://www.ncbi.nlm.nih.gov/pubmed/1338742 
4 https://www.sciencemag.org/news/2020/01/scientists-are-moving-record-speed-create-new-coronavirus-vaccines-

they-may-come-too 
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Despite its worldwide distribution, IBDV is not known to be a hazard in transmitting to any 
other species than domestic fowl. Furthermore, the vaccine strain of our IBDV drug candidate 
(R903/78) is harmless in chickens as well. 

The clinically tested IBDV-SIT technology platform can be leveraged for the safe, effective, 
widely affordable post-infection treatment of severe COVID-19 cases 

The first Phase 1B/2 clinical trial was performed with a conventionally produced IBDV. 
Presently, a new Phase 1 trial is planed using a well-characterized drug candidate, which is 
constructed by reverse genetics and can be manufactured reproducibly. Our preclinical data 
indicates that R903/78 is a potent activator of the interferon-dependent innate antiviral gene 
program which could explain its strong interference with unrelated viruses (Hornyak, et al., 
2015). 

Importantly, IBDV is one of the most stable viruses known that can survive significant 
temperature variations, which allows for transportation and storage without dry ice. It can 
endure extreme acidic environments permitting oral delivery. These characteristics would 
alleviate undeniable logistical challenges of therapeutic vaccine production, transport and cost. 

Since infections of COVID-19 in China are increasing by the day while the virus is racing around 
the world, our primary goal is to leverage our clinically tested IBDV-SIT technology platform for 
the safe, effective, widely affordable post-infection treatment of severe COVID-19 patients, 
even in resource limited settings. Our major goal is, therefore, to provide the R903/78 drug 
substance for monitored emergency use in COVID-19 patients suffering from severe illness, 
including acute respiratory distress syndrome (ARDS) for evaluation. We believe that the 
R903/78 drug substance could be produced for use in severe COVID-19 patients within six 
months for evaluation. 

Testing the R903/78 drug candidate in severe COVID-19 patients within the Monitored 
Emergency Use of Unregistered Interventions Framework (MEURI) 

To address safety concerns a tissue culture adapted IBDV vaccine strain V903/78 was cloned 
into cDNA plasmids ensuring easy reproducible production of a reverse engineered virus 
R903/78. The therapeutic drug candidate was extensively characterized by 
immunocytochemistry assay (ICC), virus particle determination, and immunoblot analysis. The 
biodistribution and immunogenicity of the IBDV agent was determined in mice, which is not a 
natural host of this virus, by quantitative detection of IBDV RNA with qRT-PCR and virus 
neutralization test (VNT), respectively. The virus was stable at a wide pH range, demonstrating 
significant resistance to low pH and also proved to be highly resistant to high temperatures. No 
pathological effects were observed in mice and rats, respectively. Single and multiple oral 
administration of IBDV elicited a neutralizing antibody response that peaked around 21 days 
post-infection. Repeat oral administration of R903/78 was successful despite the presence of 
neutralizing antibodies. Viral replication could not be demonstrated in mice and rats, but the 
powerful induction of IFN related genes was observed. Several human cell lines supported IBDV 
propagation in the absence of visible cytopathic effect (CPE) and was secreted into the medium. 
This resulted in the development of a simple downstream manufacturing process. Several lots 
of agent were manufactured under research and GLP conditions. Also, different formulations 
were tested for stability and a formulation that was stable at 5°C for 6 months was developed. 
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These preclinical data support the development of an orally or nasally delivered anti-viral agent 
for human use (Hornyak, et al., 2015). 

We wish to develop a nasally or orally administered attenuated IBDV drug candidate (R903/78) 
for the treatment of severe COVID-19 patients. Initially we will manufacture R903/78 under 
cGMP conditions to provide sufficient quantity to allow evaluation of 100 patients. Following a 
successful clinical study, we will manufacture in sufficiently large scale to provide therapy for 
thousands of patients. It is imperative to develop a next-generation post-infection technology, 
the SIT platform that can counter increasing threats of the COVID-19 epidemic. We propose 
therefore an accelerated program to manufacture sufficient experimental R903/78 drug 
substance to treat approximately 100 patients for 1 month with 1 vial/day/1x107 infectious 
units of virus (3000 vials). This effort would take about 6 months depending on the release 
testing required and allowed by EMA and/or FDA. The vials would be shipped to severe COVID-
19 patients who were admitted to ICU to evaluate the percent of patient recovery from COVID-
19. 

Simplifying the manufacturing process to achieve higher yields at lower costs 

Simplification of the manufacturing processes and the achievement of higher yields could 
rapidly increase production to provide drug substance in larger quantities. To this end, previous 
productions in iCELLis bioreactor using Vero cells will be changed to production in serum free 
and chemically defined media using the Wave bioreactor and AGE1.CR cell line family. 
Preliminary experiments indicate that production could be increased in a single run by 1000-
fold, which would enable stockpiling as part of a preparedness strategy. AGE1.CR cell line family 
complies with the “defined risk” guidelines issued by the FDA for generation of new cell 
substrates for application in the production of live vaccines because the immortalizing genes 
are known and traceable. It was demonstrated that both cell lines AGE1.CR and AGE1.CR.PIX 
are fully permissive for IBDV strain R903/78. Titers up to 1010 TCID50/ml can be achieved in a 4-
day process, more than 1000 times compared to in VERO cells, which secures a good yield for a 
commercially viable virus production. 

Incorporation of COVID-19 specific epitopes into the IBDV capsid to provide coronavirus specific 
immune responses 

We wish to improve the efficacy of the R903/78 IBDV vector by incorporating disease specific 
epitopes. Since it was already demonstrated that SIT generates strong anti-IBDV antibody 
response, it is our hypotheses that incorporation of COVID-19 specific epitopes into the IBDV 
capsid will be able to provide coronavirus specific immune responses, which will synergize with 
the SIT technology. Therefore, we will incorporate the genetic sequence for COVID-19’s spike 
epitopes into the R903/78 vector and recombinant IBDV vectors carrying COVID-19 spike 
epitopes will be generated (Upadhyay, et al., 2011). These vectors will be evaluated for their 
ability to generate immune responses against COVID-19. Vectors with the most promising 
characteristics will be provided to collaborators to be tested for their protection against a lethal 
challenge in appropriate animal models. 

Extending our knowledge on virus induced changes and mechanisms of action of SIT by 
developing animal models for severe virus infections 
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The development of animal model(s) for better understanding of the mechanisms of action for 
COVID-19 and other serious viral diseases is planned. It was demonstrated that SARS-CoV can 
infect the kidney cells of the African green monkey (Vero E6) (Li, et al., 2003). The Institute 
Pasteur recently announced that they successfully cultured the samples from COVID-19 positive 
patients on Vero E6 cells.5 While generating small animal models of coronavirus disease can be 
difficult, SARS-CoV passaged to adapt to the mouse host caused significant disease in mice 
(Frieman, et al., 2012) (Gralinski and Menachery, 2020). 

In our mice studies (Hornyak, et al., 2015), we demonstrated that using high doses of R903/78 
inoculums repeatedly is feasible. Therefore, we hope to demonstrate that breakthrough 
infection and sustained viremia can be achieved and maintained in small animal models, in 
spite of the presence of anti-IBDV antibodies. We have preliminary evidence that the double-
stranded RNA drug candidate virus (R903/78) switches on some of the major activators of the 
interferon-dependent innate antiviral gene program. Expression levels of IRF-7, IRF3, TLR3 and 
9, ZBP1, Ifi204 genes significantly increased (e.g. IRF7 up to 267 times over base line) in the liver 
tissue following a single administration of R903/78 in mice (unpublished observation). 
Importantly, long-term administration of large doses (400 times that of planed therapeutic 
dose) of the R903/78 drug candidate showed no toxic effects in mice and rats. Therefore, key 
activators of the interferon-dependent innate antiviral gene program will be measured. The 
expression levels of genes over time in organs and tissues of animals during nasal and oral 
administration of the R903/78 drug candidate will be determined. Cytokine release will be 
determined at different stages of R903/78 virus infection during the exacerbated innate 
immune response. In addition, antibody titers will be measured in animals during multiple nasal 
and oral administration. 

Conclusion 

The COVID-19 epidemic is declared a public health emergency of international concern (PHEIC). 
It is imperative to develop a next-generation post-infection technology, the SIT platform that 
can counter increasing threats of the COVID-19 epidemic. We propose therefore the testing of 
the R903/78 drug candidate in severe COVID-19 patients within the Monitored Emergency Use 
of Unregistered Interventions Framework (MEURI). We propose an accelerated program to 
manufacture sufficient experimental R903/78 drug substance to treat approximately 100 
patients for 1 month with 1 vial/day/1x107 infectious units of virus (3000 vials). This effort 
would take about 6 months depending on the release testing required and allowed by EMA 
and/or FDA. The vials would be shipped to severe COVID-19 patients who were admitted to ICU 
to evaluate the percent of patient recovery from COVID-19. 

Conflict of Interest: I.K., M.V.R. and T.B. are shareholders of HepC, Inc.; V.S. is listed as an 
inventor on patents that protects the AGE1.CR cell line family (WO 2005/042728 and 
WO2007/054516) 

 

 
5 https://www.pasteur.fr/en/press-area/press-documents/institut-pasteur-isolates-strains-coronavirus-2019-ncov-

detected-france 
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