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Summary 
Coronavirus spike protein mediates viral entry into cells by first binding to ACE-
2 receptor on the host cell surface and then fusing viral and host membranes.  
We investigated how Chitosan, a natural bio-polymer sourced from shellfish 
and certain species of mushrooms, with long known anti-bacterial and anti-viral 
properties interacts with the Covid-19 virus and the ACE-2 receptor on mucosa 
cells. We found that positively charged Chitosan binds both to the Receptor 
Binding Domaine (RBD) of SARS-CoV-2 and the ACE-2 receptor itself. Therefore, 
Chitosan blocks both the virus itself and its mucosa docking site on the mucosa 
cell surface (double binding principle). 
In addition, we investigated how Chitosan influences different neutralizing 
patient serum antibodies, which target the receptor-binding domain (RBD) of 
SARS-Cov-2 coronavirus spike protein.  
Results showed that Chitosan binding to RBD can enhance the binding of 
neutralizing antibodies to the virus surface spike protein, allowing it to undergo 
conformational changes and become prone to binding of even low affinity 
neutralizing antibodies. So, low affinity binding anti-RBD-antibodies can bind to 
cell surface of SARS-COV-2, inhibiting viral entry. Moreover, even in medium 
and high neutralizing sera of COV19-patients the binding to the RBD- S protein 
region can be enhanced with Chitosan. 
Our data suggest that Chitosan induces a dual blocking mechanism of SARS-
COV2 (Figure.1). Chitosan binding to RBD of SARS-COV2 functionally enhances 
anti-viral antibody reactivity and blocks ACE-2 binding of the virus to the host 
cell.  
 



 

 
Figure 1: Dual blocking mechanism of SARS-CoV-2 with Chitosan.  
 

 
 
 
Introduction 
The coronavirus disease 2019 (COVID-19) pandemic, caused by the SARS-CoV-
2 coronavirus (CoV), is currently an immense global health threat. There are 
currently no effective treatments available, sparking a global rush to develop 
vaccines, small molecule inhibitors, plasma therapies, and to test a variety of 
existing compounds for antiviral activity. Estimates are that 14–20% of infected 
patients develop severe illness requiring hospitalization. Approximately ∼5% of 
those infected develop acute respiratory distress syndrome (ARDS), with high 
mortality.  
Recently it was demonstrated that new SARS-CoV-2 mutants reduce sensitivity 
to antibody-mediated neutralization, suggesting that these mutations alter 
viral transmissibility and also increase viral spread in infected patients in the 
presence of an antibody response. Current vaccination might not be so 
effective to mutant S-proteins because the binding affinity of antibodies 
induced by vaccination is reduced. Mutations can cause signification reduction 
of vaccination activity so alternative methods are needed to enhance binding 
of anti-viral-antibodies to SARS-CoV-2. 
In the absence of specific neutralizing antibodies (nAbs), SARS-CoV-2 binds the 
ACE2 receptor through the RBD in the S1 subunit, mediating viral entry in the 
human cell. In the presence of neutralizing Abs (nAbs) targeting and binding to 
the SARS-CoV-2 (or SARS-CoV) RBD, interaction with the human ACE2 receptor 
is blocked and infection is inhibited. However, several non-RBD-targeting nAbs 
or RBD-targeting nAbs that do not compete with the ACE2 receptor recognize 
epitopes distinct from the ACE2-binding motif or the non-RBD. However, the 
presence of antibodies without neutralizing activity (non-nAbs) or with 
suboptimal neutralizing activity may bear risks. For instance, nAbs that fail to 
block or neutralize the virus and inhibit its binding with the viral receptor can 



 

interact with the FcγR to enter target cells, potentially causing antibody-
dependent enhancement (ADE). In addition, these antibodies may also bind 
FcγR-expressing cells, such as macrophages and monocytes, causing disease 
enhancement or increased levels of inflammatory cytokines. In some cases, 
particularly when the nAb titer is suboptimal, the antibody and the FcγR can 
form an antibody–FcγR complex that functionally mimics viral-receptor-
mediated entry, also leading to ADE, as was shown for anti-SARS-CoV and anti-
MERS-CoV nAbs. (Wan, Y. et al. J. Virol. 94, e02015-19 (2020). Yet clinical 
manifestations in critically ill patients suggest that more work is needed to 
identify potential ADE from antibody treatments for SARS-CoV-2. Therefore, we 
investigated Chitosan as a natural compound which can enhance viral binding 
maybe limiting ADE.  
Our hypothesis is when taking Chitosan daily either when active or passive 
immunized the nAb is better able to bind the RBD reducing ADE and infection 
rates.  We hypothesize also that preventing viral entry into mammalian 
epithelial cells may be an effective way to limit the spread of COVID-19. 
 
Methods 
We evaluated SARS-CoV-2 neutralizing antibodies in sera from recovered 
COVID-19 patients using plaque reduction 50 neutralization tests (PRNT) at low 
(PRNT50) and high (PRNT90) stringency thresholds. PRNT assay has been 
previously described and is considered the classical standard for detection of 
virus-specific Abs based on their ability to neutralize their cognate viral 
infections (Journal of Clinical Microbiology 400 1976; 4:503-10). 
To specifically determine antibody levels and neutralizing antibodies in 30 
individuals well-removed from the onset of symptoms, sera recovered COVID-
19 individuals were screened. The recruited individuals as potential plasma 
donors if they confirmed positive SARS-CoV-2 PCR results at least 21 days 
before the date of serum collection. These were symptom free for at least 14 
days. The RBD ELISA used detects IgG Abs that are reactive with the SARS CoV-
2 receptor binding domain (RBD). For most of the sera described in this report, 
specimens were screened initially at a 1:100; 1:200, 1:400 dilution using the 
SARS-CoV-2 RBD as the target antigen and specific IgG was detected. The OD of 
the screen positive sera were then determined by ELISA using the whole 
recombinant spike RBD as the target antigen once preincubated with Chitosan 
(1mg/ml) in saliva 60 min before applying the patient serum. 
 
The goal of our study was to obtain insights into how Chitosan inhibits viral 
entry into target cells and how this process can be measured. Starting from the 
available structural data on the interaction between SARS-CoV-2 Spike protein 
and the host ACE2 receptor, we have engineered a RBD region with the aim of 
creating a soluble viral receptor and stable ACE2 interactor. This RBD- SARS-
CoV-2 Spike protein was recombinantly produced in high yields, possesses a 
stable conformation and is able to interact with the ACE2.  
Microscale thermophoresis (MST) analysis was performed to measure the 
binding affinity of RBD S protein of SARS-CoV-2 to human ACE2 and Chitosan 
(6-138 nM). Soluble RBD to ACE-2 binding was blocked by Chitosan (20kd-



 

460kD) (figure 2). Electrostatic binding of Chitosan to the RBD, preventing viral 
entry into the host cells, is the most likely mechanism of viral inhibition. 
 
Figure 2: Blocking of ACE2 binding of RBD with Chitosan. The thermophoretic 
measurements were performed using Monolith device (NanoTemper 
Technologies, Munich, Germany). Chitosan was bought from a company 
Kraeber. For MST recording, the recombinant proteins were labelled with the 
fluorescent dye Cy-5 (SNAP- tag Kit Red nanotemper). 
 
 

 
 
 
 
Results and discussion 
Testing the Elisa binding activity when adding RBD-Chitosan (1mg/ml) complex 
with 10 high medium and low RBD binding sera we observed a significant higher 
binding of serum nAbs to RBD in the high neutralizing (102 -105%) medium 
neutralizing (106-124%) and low neutralizing (168-233%) antibody group 
(figure. 3) compared with control ELISA. Positively charged Chitosan was shown 
to electrostatically bind the coronaviral S proteins, blocking its interaction with 
the entry receptor and consequently the virus replication. (Milewska, A. et al. 



 

HTCC: Broad Range Inhibitor of Coronavirus Entry. PLosOne11, e0156552, 
Ciejka, J., Wolski, K., Nowakowska, M.Pyrc, K. & Szczubialka,K.Biopolymeric 
nano/microspheres for selective and reversible adsorption of coronaviruses. 
Mater Sci Eng C Mater Biol Appl 76, 735742, Milewska, A. et al. HTCC as a 
Polymeric Inhibitor of SARS-CoV-2 and MERS-CoV. Journal of Virology, 
JVI.01622–01620). 
 
Figure 3: Binding enhancement of patient anti-RBD antibodies was measured 
with 10 sera of each group and each serum dilution and 1mg/ml Chitosan in 
saliva (1.100, 1.200, 1:400 serum dilution). Each analysis was performed in 
triplicate and the results are shown in Figure 3. 
 

 
 
 
 
Conclusion 
We could experimentally demonstrate that Chitosan is strongly interacting with 
surface protein functionalities of COVID-19 viruses thereby influencing the 
ACE2 target cell entry receptors. When pre-incubated with the S protein RBD 
part responsible for entry into the virus of CVOV 19 it could remarkably block 
the COVID-19 – ACE2 interaction. 
We, therefore, suggest that Chitosan binding of ACE2 in the upper respiratory 
tract might limit SARS-CoV transmissibility and may be able to enhance RBD 
binding of neutralizing antibodies further limiting viral infection. The potential 
applicability of Chitosan in the prevention of viral infections is supported also 
by the fact that other carbohydrates like carrageenans have been shown to 
reduce the duration of disease (reduced by 3 days) in influenza and common 
cold patients (reduced the number of relapses over a 21 day-period by three 
times) and prevent influenza A viral infections in mice, acting by preventing viral 
interaction with relevant cell surface receptors. 



 

Unfortunately, most promising agents such as remdesivir and convalescent 
plasma did not live up to their expectations. While passive and active 
immunization efforts are ongoing, there is still a need for novel prophylaxis 
interventions, especially as some of the more promising vaccine technologies 
neutralize systemic virus, but not viral particles within the epithelia, making it 
impossible to tell if vaccinated persons would not still transmit the disease. 
Here, we describe the activity of a Chitosan polymer may readily be used to 
prevent or limit COVID-19 infections, e.g., in health-care workers or other 
persons at risk from severe disease.  
 
The results described above suggest that Chitosan might be a promising 
compound for preventing viral infections when present at the place of 
infection, e.g. the oropharynx. In order to develop a Chitosan sustained release 
formulation, chewing gums containing 10 mg Chitosan per 5 g of gum were 
manufactured at GoBeDo World/asCom.      
We have demonstrated in a series of experiments that Chitosan is efficiently 
released from such chewing gums during the chewing process. Further, we 
could experimentally demonstrate that there is Chitosan detectable in the oral 
cavity after 15 and even 20 minutes beyond finishing the chewing process and 
removing the chewing gum. 
 
In conclusion, a onetime oral delivery which is releasing a load of above 1 mg 
via chewing of a Chitosan containing gum to the pharynx mucosa would provide 
sufficient protective effect for infection with SARS-CoV-2 for a time period of 
up to about 30 to 50 minutes depending on local physiological activity (and the 
sensitivity of the analytical method). This time horizon is derived from 
experimental results with sustained Chitosan-gum as release systems. Due to 
the fact that only little amounts of Chitosan are required to block the viral 
infection the time horizon of protection might be much longer. As a follow-up 
to our vitro studies on the effect of antiviral activity of Chitosan a clinical Proof-
of-Concept study is on its way (results expected in February 2022) evaluating 
the in vivo effect of the reduction of viral titer in human saliva during active 
viral and bacterial infection.  
 
This is a new concept for all virus peptides which interact with Chitosan and the 
human receptor can be used for the double blocking principle introduced here.  
Chewing gum with Chitosan is safe and has no known significant negative side 
effect. The present studies suggest that chewing Chitosan containing gum may 
be an economical and effective method to help people to control their infection 
risk to COV-19 disease, other viruses and bacteria. 
 
 


