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Abstract 

The world is currently faced with a very serious crisis to deal with the Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2 or Covid-19) pandemic which started in Wuhan, China 
in December 2019 and has since spread throughout the world, wreaking havoc in many 
countries. Several efforts are being made to control the spread of the disease around the world 
and to find a cure or vaccine. As researchers frantically endeavor to identify remedies for covid-
19, there is the need to identify therapies that offer the quickest, safest actions and remedies 
that are relatively cheap. We propose the use of aerosolized inhalation antibody conjugated 
nanoparticles for the treatment of covid-19. It is hypothesized in this proposal that the 
conjugation of nanoparticles with antibodies and delivering the antibody-nanoparticle conjugate 
as an aerosol via the respiratory tract would provide the quickest and possibly more efficient and 
relatively cheap remedy against covid-19. The advantage of the inhalation route for delivering 
antibody conjugated nanoparticles is that since the medication is delivered directly to the 
affected site, higher doses will be delivered to the site with reduced systemic toxicity and reduced 
adverse effects on gaseous exchange. Our hypothesis is based on the current knowledge and 
observations in the areas of monoclonal antibody technology, advances in nanotechnology and 
Nano medicine as well as advances in inhalation therapeutics.   
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Introduction 

The World Health Organization (WHO) was 
informed of a cluster of cases of pneumonia 
of unknown cause detected in Wuhan City, 
Hubei Province of China on 31 December 
2019. Later the causative agent of the 
pneumonia was identified by Chinese 
authorities to be the SARS-CoV-2 and the 
disease was named coronavirus disease 
2019 (COVID-19) by WHO on 11 February 
2020. Ever since its identification and 
characterization, the disease has been 
spreading world-wide causing high 
mortalities and morbidities. A group of 

tion, with 
diverse backgrounds has been tasked to 
work towards the development of vaccines 
against COVID-19. Other scientists around 
the world are equally making frantic efforts to 
develop vaccines and therapeutics against 
COVID-19 [1].  

Efficient and targeted delivery of the 
envisaged SARS-CoV-2 therapeutics to their 
sites of action will be cardinal in the treatment 
of covid-19. We therefore propose the use of 
aerosolized antibody conjugated 
nanoparticles via direct inhalation into the 
respiratory system as one of the potential 
methods for the treatment of covid-19. Using 
aerosolized antibody conjugated 
nanoparticles via direct inhalation has 
several advantages when compared to other 
potential remedies against covid-19. First, 
respiratory tract inhalation delivers 
medication directly to the site, thus enabling 
higher doses locally with less systemic 
toxicity. Second, inhaled drugs are likely to 
improve or at least have fewer adverse 
effects on gaseous exchange compared with 
other systemic routes of administration. On 

the other hand, systemically delivered drugs 
may be distributed widely thereby 
indiscriminately affecting other untargeted 
tissues which may result in unwarranted 
injury. Third, direct delivery of the drug to the 
lungs may permit reduction in the total 
medication dose and thus potentially 
lowering cost. 

As the world grapples with the COVID-
19 pandemic, it is prudent upon the scientific 
community to consider diligently all potential 
plausible solutions that may offer even a 
glimmer of hope now or in the future. 
Humankind is at the cross-roads for survival 
and therefore concerted efforts are extremely 
necessary to combat the COVID-19 
pandemic.  

Currently there is already an 
accumulation of knowledge on SARS-CoV-2 
and other respiratory diseases. In addition, a 
number of intervention points for the possible 
treatment of Covid-19 have been suggested 
and some possible candidates are already 
being tested [2, 3]. Most of the potential 
therapeutic candidates such as 
hydroxylchloroquine, Ivermectin, remdesivir, 

repurposed remedies that were/are used for 
the treatment of other conditions. These 
potential remedies currently being 
investigated for the possible treatment of 
SARS-CoV-2 are administered orally, 
intramuscularly (IM) or intravenously (IV) with 

(SNG001) that is administered via the 
respiratory route. Moreover, the modes of 
action of most of these adapted remedies are 
largely unknown. Based on the current 
understanding of the structure of the SARS-
CoV-2 including its cellular binding and 
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cellular entry strategies, a number of 
plausible points for therapeutic interventions 
have been suggested. Cardinal amongst the 
therapies being suggested include camostat 
mesilate, a serine protease inhibitor [3, 4]. In 
addition, other small molecule drug 
compounds that might warrant further study 
have been identified that can limit viral 
recognition of host cells and/or disrupt host-
virus interactions [5, 6]. Efficient and targeted 
delivery of the suggested SARS-CoV-2 
therapeutics to their sites of action will be 
cardinal in the treatment of covid-19.  

 We therefore join the scientific 
community in proposing the use of 
aerosolized antibody-conjugated 
nanoparticles via direct inhalation into the 
respiratory system as one of the potential 
methods for the treatment of covid-19. The 
conjugation of nanoparticles to antibodies 
has been shown to improve efficacy in the 
treatment of certain diseases because the 
antibody-nanoparticle conjugate can provide 
new and enhanced properties as well as 
stability at the site of intended action [7, 8] 
The use of nanoparticles in medicine has 
gained a lot of research interest over the past 
few decades. Nanoparticles have been used 
to deliver drugs to specific types of cells 
including cancer cells [9, 10, 11]. Moreover, 
nanoparticles can be conjugated to 
antibodies that target specific epitopes on 
selected cells. The combination of 
nanoparticles with specific antibodies can 
ensure increased efficacy of the conjugate 
and optimal concentration of the payload at 
the site of action [12, 13, 14]. 

We hypothesize that the SARS-CoV 2 
can be neutralized within the respiratory tract 
and its binding capacity to ACE2 receptors of 

the respiratory epithelium can be curtailed by 
the nanoparticle-antibody conjugates that 
would competitively bind to the ACE2 
receptors. In this case, the antibody-
nanoparticle conjugate will have dual action. 
On one hand, the nanoparticles will compete 
with the SARS-C0V-2 for binding to the ACE2 
receptors while on the other hand the 
antibody moieties will bind and immobilize 
the free viral particles within the respiratory 
tract. Since the immobilized SARS-CoV-2 
cannot effectively bind to the ACE2 receptors 
as a result of nanoparticle competitive 
binding and immobilization by the antibodies, 
the complex that is formed between the 
antibodies and the viral particles will 
eventually be eliminated by the mucociliary 
clearance system which normally clears 
particulate matter from the respiratory tract. 
Therefore, we further hypothesize that 
individuals that would receive the antibody-
nanoparticle conjugate inhalation treatment 
would have a better outcome from a covid-19 
infection than those who would not receive 
the treatment. The hypothesis would be 
tested by conducting clinical trials in which a 
group of covid-19 infected individuals would 
receive the therapy while another group 
would receive a placebo.  

In this article, the hypothesis on the 
use of antibody-nanoparticle conjugate 
inhalation treatment is contextualized.   

Evaluation of the hypothesis 

Inhalation of aerosolized medicines 
through the oral route is one of the most 
effective ways to get lifesaving medications 
to people with lung infections. The envisaged 
end product for our proposed covid-19 
treatment is a hand-held covid-19 
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pressurized metered-dose aerosol inhaler or 
nebulizer. The user puts the mouth-piece of 
the inhaler in the mouth and presses down on 
the canister to release the medicine while 
breathing in to allow the medication to get into 
the respiratory tract (Figure 1). The hand-
held inhaler is a small canister that works like 
a spray can. 

 

Figure 1: Demonstration of the use of a 
handheld metered-dose inhaler for the 
treatment of COVID-19. The user puts the 
mouth-piece of the inhaler in the mouth and 
presses down on the canister to release the 
medicine while breathing in to allow the 
medication to get into the respiratory tract. 

When a plunger on the inhaler is 
pushed down, the medicine is ejected in form 
of an aerosol which the individual breathes in 
(Figure 2). The inhaler/nebulizer in our case 
would contain antibody-conjugated 
nanoparticles that target the ACE2 receptors 
on the respiratory cells and will at the same 
time bind the free SARS-CoV-2 spike 
proteins. The SARS-CoV-2 spike protein 
monoclonal antibody will be conjugated to the 
nanoparticle that has an epitope for binding 

to ACE2 receptors on respiratory epithelial 
cells (Figure 3). 

 

Figure 2:  Function of the pressurized hand-
held metered-dose inhaler. The handheld 
metered-dose inhaler is a small canister that 
works like a spray can. When a canister on 
the inhaler is pushed down, the medicine is 
ejected in form of an aerosol which the 
individual breathes in. In the case of our 
proposed therapy, the aerosol would contain 
SARS-CoV-2 spike protein monoclonal 
antibody-nanoparticle conjugates 

When the medication containing the 
SARS-CoV-2 spike protein monoclonal 
antibody-nanoparticle conjugates is inhaled 
into the respiratory tract, the conjugates will 
competitively bind to the ACE2 receptors 
against the SARS-CoV-2 virus. In this case 
the conjugates would have a dual 
functionality. On one end, the free 
nanoparticle moiety would interact and bind 
to the ACE2 receptors while the free epitope 
on the monoclonal antibody would interact 
and bind any free SARS-CoV-2 viral 
particles. Thus, the viral particles would have 
insufficient or no ACE2 receptors to bind 
(Figure 4 and Figure 5). 
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Figure 3:  Monoclonal antibody-nanoparticle conjugation. The inhaled aerosol contains SARS-
CoV-2 monoclonal antibody-nanoparticle conjugates. The SARS-CoV-2 spike protein 
monoclonal antibody is conjugated to the nanoparticle that has an epitope for binding to ACE2 
receptors on respiratory epithelial cells. 

 

Figure 4:  SARS-CoV-2 spike protein monoclonal antibody-nanoparticle attachment to ACE2 
receptors. When the medication containing the SARS-CoV-2 spike protein monoclonal antibody-
nanoparticle conjugates is inhaled into the respiratory tract, the conjugates will competitively 
bind to the ACE2 receptors against the SARS-CoV-2 virus. In this case the conjugates would 
have a dual functionality. On one end, the free nanoparticle moiety would interact and bind to 
the ACE2 receptors while the free epitope on the monoclonal antibody would interact and bind 
any free SARS-CoV-2 viral particles. Thus, the viral particles would have insufficient or no ACE2 
receptors to bind. 
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Figure 5:  Capture of the SARS-CoV-2 by the monoclonal antibody-nanoparticle conjugate. 
Since the viral particles cannot effectively bind to the ACE2 receptors which have been 
competitively bound by the nanoparticle moieties, the free viral particles get bound and are 
captured by the epitopes on the monoclonal antibodies. The viral particles together with the 
monoclonal antibody-nanoparticle complexes are then removed from the respiratory tract by the 
mucociliary clearance escalator.   

How SARS-CoV-2 enters respiratory cells  

Recent studies have shed more light on how 
the SARS-CoV-2 invades respiratory tract 
cells. SARS- CoV-2 gets into respiratory 
tract cells via the ACE2 receptor [15] The 
ACE2 receptor appears to be the passage 
for the virus into respiratory epithelial cells. 
The structural characteristics of the SARS-
CoV-2 virus are similar to other 
coronaviruses. The virus contains four 
structural proteins known as the spike, 
envelope, membrane and nucleocapsid 
proteins [16]. 

The protein that interacts with the 
host cell receptors is chiefly the spike 
protein. In the initial step of receptor binding, 
the viral spike protein becomes cleaved into 
S1 and S2 by the host cell protease [15, 16, 
17, 18, 19]. One of the host cell proteases is 
the transmembrane protease serine 2 
(TMPRSS2). The main function of the S1 

subunit is to bind with the host cell surface 
receptors, while the function of the S2 
subunit is to effect fusion of the virus with the 
host cell membrane [16, 17, 18, 20, 21].  

Therefore, there are two potential 
therapeutic approaches against SARS-CoV-
2. The first approach would be to either 
develop a vaccine that contains antigens 
derived from the spike protein, which can 
boost recognition of the virus by the immune 
cells or to develop monoclonal antibodies 
that bind to the coronavirus spike protein S1 
subunit and block the interactions with the 
human cells ACE2 receptors. The second 
potential approach would be to target the 
transmembrane protease serine 2 which is 
responsible for entry and viral spread of the 
SARS-CoV-2. In our hypothesis, the aim is 
to produce monoclonal antibodies that bind 
the coronavirus spike protein. 
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Nanoparticles in medicine 
(Nanomedicine) and potential use in 
covid-19 treatment 

Nanotechnology deals with matter generally 
in the 1-100 nm scale. The application of 
nanotechnology to medicine is known as 
nanomedicine. It involves the use of 
engineered materials of size 1-100nm length 
to develop novel therapeutic and diagnostic 
strategies [8]. Nanoparticles that are 
targeted to specific diseased cells or healthy 
cells of interest can reduce possible side 
effects. Moreover, nanoparticles can deliver 
a much higher payload to the intended site 
of action. If a drug is delivered in its 
conventional form, it is estimated that less 
than 1% of the drug actually makes it to the 
target site with 99% of the drug going to 
other parts of the body [9,10,11,12,13,14]. 
Nanotechnology is already used in many 
commercial medicinal products but many of 
them are not available to the consumer [14]. 
Given the urgent need for a Covid-19 
remedy, nanotechnology offers grain of 
hope and may act as an enabling tool to 
skew promising medical therapeutics.  

SARS-CoV-2 spike protein nanoparticles 

Methods for generating SARS-CoV-2 full-
length spike protein nanoparticles are 
available. The spike protein nanoparticles 
can be obtained and characterized by 
cleaving off the spike glycoproteins of the 
SARS-CoV-2 which reside on the surfaces 
of the virions. The purified full-length SARS-
CoV-2 proteins have been determined to 
have molecular weight of approximately 
160kDa by SDS-PAGE and approximately 
25 nm in diameter [20, 21].  Moreover, 
recombinant spike protein nanoparticles that 

can bind to ACE2 receptors are available 
YP_009724390.1 [22] 

In our hypothesized therapy, the 
spike protein nanoparticles will be 
conjugated to monoclonal antibodies against 
SARS-CoV-2. 

Monoclonal SARS-CoV-2 antibodies 

Monoclonal antibodies (Mabs) against 
coronaviruses or SARS-associated 
coronaviruses can be developed and 
characterized for reactivity to the SARS-
CoV-2 spike protein (S), nucleocapsid 
protein (N), membrane protein (M), and 
envelop protein (E) using enzyme-linked 
immunoabsorbent assay (ELISA), 
radioimmunoprecipitation, 
immunofluorescence, Western Blot and 
microneutralization assays (32).  Indeed, 
single stranded DNA (ssDNA) aptamers with 
high binding affinity to the SARS-CoV 
proteins can be identified from DNA libraries 
[22, 23, 24. 25.]. In our hypothesis, the 
aptamers that bind to the nucloecapsid 
protein will be used.   

Antibody-nanoparticle conjugation 

Antibody-conjugated nanoparticles offer 
great opportunities to overcome limitations 
found in conventional therapeutics [14]. 
They combine the advantages given by the 
nanoparticles with the ability to bind to their 
target with high affinity and improve cell 
penetration given by the antibodies [8,9,10]. 
Antibody-conjugated nanoparticles could 
play a critical role in medical therapeutics 
[14]. In biotechnology, antibodies could be 
used to carry several elements such as 
drugs and nanoparticles in diagnostic 
procedures or even in therapy to bind to 
specific targets. The conjugation of 
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antibodies to nanoparticles can generate 
products that combine the properties of the 
antibody and nanoparticle whereby the 
hybrid product would show adaptability and 
specificity. By conjugating different moieties 
to the nanoparticles, their application can be 
widened in different fields including 
therapies for covid-19 and can provide them 
with novel or boosted properties [7,8].  

Aerosolized inhalation antibody-
conjugated nanoparticles and potential 
in covid-19 treatment 

In many instances, respiratory diseases are 
treated using inhalation therapy. Currently 
there is significant research in pulmonary 
drug delivery using solid colloidal 
nanoparticles in the treatment of many 
respiratory diseases [24]. 

The inhalation drug administration 
route is often used for the management of 
respiratory diseases. Compared with other 
routes of administration, inhalation offers a 
number of advantages in the treatment of 
these diseases. For example, via inhalation, 
a drug is directly delivered to the target 
organ, delivering high drug concentrations 
but low systemic drug concentrations. 
Therefore, drug inhalation is typically 
associated with high pulmonary efficacy and 
minimal systemic side effects [24, 25. 26, 27, 
28, 29] and would thus be useful in covid-19 
therapy.  

HYPOTHESIS TESTING 

In order to evaluate the effectiveness and 
safety of the medication, clinical trials will be 
performed by monitoring the effects on 
groups of people. The four phases of the 
classical clinical trial will be followed.  

Phase I trial will be done to assess 
safety and side effects as well as to 
determine the correct drug dosage. The drug 
will be administered to 20 but less than 100 
healthy individuals. 

Phase II trial. In this trial phase, 
about 100 to 300 volunteers will be given the 
drug in order to assess the effectiveness of 
the durg. In this phase the aim will be to 
obtain preliminary data on whether the drug 
works in people who have COVID-19. In 
addition, this phase will continue to assess 
the safety, including short-term side effects.  

Phase III trial. In this phase, more 
people volunteers (500-1000) will be 
involved in order to gather more information 
about safety and effectiveness and to study 
different populations and different dosages 
as well as in combination with other drugs.  

Phase IV trial. If the drug is approved 
by the relevant regulatory agencies, the 
drug's effectiveness and safety will be 
monitored in large, diverse populations.  

Potential Advantages and Disadvantages 
of Aerosolized Inhalation SARS-CoV-2 
therapy 

Inhalation route has many important 
advantages compared to other routes of 
drug administration and should be seriously 
considered in potential SARS-CoV-2 
therapies. First, respiratory tract inhalation 
delivers medication directly to the site, thus 
enabling higher doses locally with less 
systemic toxicity. Second, inhaled drugs are 
likely to improve or at least have fewer 
adverse effects on gaseous exchange 
compared with other systemic routes of 
administration. On the other hand, 
systemically delivered drugs may be 
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distributed widely thereby indiscriminately 
affecting other untargeted tissues which may 
result in unwarranted injury. Third, direct 
delivery of the drug to the lungs may permit 
reduction in the total medication dose and 
thus potentially lowering cost. 

The inhaled route may also have 
some disadvantages. Inhaled aerosolized 
SARS-CoV-2 therapies may not be tolerated 
by some individuals due to sensitization or 
direct irritation on the respiratory airways by 
the drug or the excipients. In addition, the 
dosage may not be very precise because of 
variances in breathing patterns and the 
challenges in determining exactly how much 
medication reaches the targeted regions of 
the lungs. Also, the cumbersomeness and 
difficulty in effective operation of inhalation 
devises by the user may cause erroneous 
dose administration [26, 27, 29]. 

Potential cytotoxicity of the proposed 
treatment and possible remedial actions 

The main active ingredients of the proposed 
treatment will be the antibodies conjugated 
with the SARS-CoV-2 recombinant spike 
protein nanoparticles. The active ingredients 
will be contained in an inert non-toxic 
excipient. The recombinant SARS-CoV-2 
spike protein nanoparticles that will be used 
in the proposed treatment have been 
assessed by others for safety and binding 
affinity to ACE2 receptors [22]. Therefore, no 
major toxicity is expected from the 
nanoparticles. Also the antibodies 
(aptamers) that will be used in the proposed 
treatment will be ssDNA whose affinity and 
safety are already known. The aptamers will 
be identified from DNA libraries 
[22,23,24,25]. Thus, the active ingredients in 

the proposed treatment will be compatible to 
the tissues within the respiratory tract. 
Qualified medical personnel will be on hand 
in cases of inadvertent adverse reactions to 
either the excipient or any of the active 
ingredients and appropriate medical 
interventions will be immediately 
implemented.    

Conclusion 

The advantages of using inhaled 
aerosolized antibody-conjugated SARS-
CoV-2 therapies would seem to outweigh 
other routes of administration. It is therefore 
the contention of the author that potential 
remedies for the treatment of SARS-CoV-2 
should be administered preferably through 
the respiratory tract route as inhalation 
aerosols conjugated to nanoparticles. 
Respiratory route administration of potential 
SARS-CoV-2 therapies would be 
advantageous compared to other routes 
such as the oral route, IM or IV routes. The 
respiratory tract route would provide a quick 
and relatively safe route for SARS-CoV-2 
therapies preferably using aerosolized 
antibody-conjugated nanoparticles. 

However, researchers in SARS-CoV-
2 therapeutics before considering clinical 
trials for aerosolized antibody-nanoparticle 
conjugates should ensure the following: (i) 
Identification of appropriate nanoparticles for 
conjugation with SARS-Cov-2 spike 
antibodies [30, 31, 32, 33, 34, 35] (ii) 
Production of monoclonal antibodies that are 
specific to the SARS-CoV-2 spike proteins 
(iii) Conjugation of monoclonal antibodies 
with nanoparticles and , (iv) Production and 
optimization of aerosolized antibody-
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nanoparticle conjugates using easy to use 
inhalation delivery systems.  
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