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Abstract: Respiratory viral infections, including influenza, respiratory syncytial virus (RSV), and, more recently,
the coronavirus disease 2019 (COVID-19) pandemic, continue to pose significant global health threats.
Conventional treatments for these infections often face challenges such as limited efficacy, the emergence of
drug-resistant strains, and the requirement for frequent administration. In recent years, nanobodies have
emerged as a promising class of therapeutic agents due to their unique properties, including small size, high
stability, and specific binding capabilities. This mini-review article focuses on the application of nanobodies as
spray and aerosol particles for the treatment of respiratory viral infections. Furthermore, we highlight the
remarkable efficacy of nanobodies in preclinical and clinical studies against respiratory viruses, including their
ability to neutralize viral particles, inhibit viral replication, and modulate the host immune response. We discuss
the potential advantages of using nanobodies as inhalable formulations, including their improved delivery to
the respiratory tract, enhanced stability in aerosol form, and reduced systemic side effects. Additionally, we
explore the various strategies employed to engineer nanobodies for optimal aerosol delivery, such as conjugation
to carrier particles or formulation as dry powders. We also examine the potential challenges and limitations
associated with the development of nanobody-based aerosol therapies, including production scalability, cost-
effectiveness, and regulatory considerations.
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1. Introduction

Respiratory viral infections have plagued humanity for centuries, causing widespread illness,
death, and economic disruption. From the common cold to more severe diseases like influenza [1]
and COVID-19 [2], these infections pose a significant threat to global health security. It is high time
we acknowledge the pressing need for a new strategy to combat respiratory viral infections effectively
[3]. By investing in research, public health infrastructure, and international collaboration, we can
mitigate the devastating impact of these infections and safeguard our future [4].

While significant progress has been made in understanding respiratory viral infections, our
current strategies are falling short in several key areas [5]. First and foremost, our reliance on reactive
measures rather than proactive ones leaves us vulnerable to outbreaks. We often find ourselves
scrambling to develop vaccines or treatments after an infection has already spread widely [6].

Additionally, the lack of robust surveillance systems hampers our ability to detect emerging
respiratory viruses promptly. By the time we identify a new threat, it may have already gained a
foothold in communities worldwide [7]. Furthermore, inadequate public health infrastructure
exacerbates the challenges of containment and control efforts [8].

To combat respiratory viral infections effectively, we must prioritize research and development
efforts [9]. Antibodies have been established as a crucial form of therapeutics due to their valuable
benefits, including exceptional specificity and affinity [10]. They are extensively utilized for treating
lung diseases like lung cancer and severe asthma [11, 12]. The landscape of antibody therapeutics
has rapidly transformed in response to the COVID-19 pandemic, aided by advancements in antibody
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engineering. However, the current administration of antibody therapeutics is restricted to the
invasive parenteral route, which presents limitations such as increased risks of systemic toxicity like
cytokine release syndrome [13, 14].

Therefore, nanobodies offer a promising alternative approach to treating respiratory viral
infections [15]. They can be engineered to specifically target viral proteins and prevent them from
infecting cells. Moreover, nanobodies can be produced in large quantities using recombinant DNA
technology, making them more cost-effective than traditional antibodies [16].

Nanobodies are small antibody fragments that have gained a scientific dedication in recent years
due to their potential therapeutic applications [17]. These tiny proteins, derived from the immune
system of camelids such as llamas and camels [18], have unique properties that make them attractive
candidates for treating a variety of diseases, including respiratory tract viral infections [19].

One potential application of nanobodies is as a spray or aerosol particle (Eresol particles are dry
powder formulations that can be easily dispersed in an aerosol form using inhalers or nebulizers [20].
This delivery method allows for targeted deposition of nanobodies in the respiratory tract, ensuring
maximum therapeutic effect.) for delivering them directly to the respiratory tract. This approach has
several advantages over traditional injection-based therapies. First, it allows for targeted delivery of
the nanobodies to the site of infection, increasing their efficacy while minimizing side effects. Second,
it is non-invasive and can be easily administered by patients themselves or healthcare professionals
[21].

In this mini-review article, we will discuss the potential of nanobodies as spray and aerosol
particles for the treatment of respiratory tract viral infections. We will also highlight recent advances
in this field and discuss the challenges that need to be addressed for the successful translation of
nanobody-based therapies into clinical practice.

2. Current treatment options

Respiratory tract viral infections are a common cause of illness in humans, ranging from mild
colds to severe respiratory illnesses such as pneumonia. These infections are caused by a variety of
viruses, including influenza, rhinovirus, RSV, and coronavirus [22]. While there are several treatment
options available for respiratory tract viral infections, they have their limitations [23].

Antiviral Medications: Antiviral medications are the most commonly used treatment option for
respiratory tract viral infections. These medications work by inhibiting the replication of the virus in
the body. The most commonly used antiviral medications for respiratory tract viral infections include
oseltamivir (Tamiflu) and zanamivir (Relenza) for influenza, ribavirin for RSV, and remdesivir for
COVID-19 [24].

However, these medications have several limitations. Firstly, they are only effective if taken
within a certain timeframe after the onset of symptoms. For example, oseltamivir is only effective if
taken within 48 hours of symptom onset. Secondly, these medications can have side effects such as
nausea and vomiting. Lastly, there is a risk of developing resistance to these medications over time
[25].

Supportive Care: Supportive care is another treatment option for respiratory tract viral
infections. This includes measures such as rest, hydration, and pain relief medication to manage
symptoms such as fever and coughing. While supportive care can help alleviate symptoms and
improve overall comfort during an infection, it does not directly target the virus causing the infection.
As a result, it may not be sufficient in cases where the infection is severe or complications arise [26].

Vaccines: Vaccines are a preventative measure against respiratory tract viral infections rather
than a treatment option. Vaccines work by stimulating the immune system to produce antibodies
against specific viruses [27]. While vaccines have been successful in preventing many cases of
influenza and other respiratory tract viral infections, they have their limitations. Firstly, vaccines are
not 100% effective and may not provide complete protection against all strains of a virus. Secondly,
the effectiveness of vaccines can decrease over time, requiring booster shots to maintain immunity.
Lastly, the development and distribution of vaccines can take time, leaving populations vulnerable
to outbreaks in the meantime [5, 28].

In brief, Antiviral medications can be effective but have a limited window of effectiveness and
can cause side effects or lead to resistance over time. Supportive care can help alleviate symptoms
but does not directly target the virus causing the infection. Vaccines are a preventative measure but
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may not provide complete protection against all strains of a virus and require booster shots to
maintain immunity. As such, it is important to continue research into new treatment options for
respiratory tract viral infections to improve outcomes for patients.

3. Nanobodies
3.1. Definition and Characteristics

Nanobodies are a type of antibody that is derived from the immune system of camelids, such as
llamas and camels [29]. These antibodies are much smaller than traditional antibodies, with a
molecular weight of only 12-15 kDa. They are also known as single-domain antibodies or VHHSs
(variable domains of heavy chain-only antibodies) .

Nanobodies have several unique characteristics that make them attractive for use in research
and therapeutic applications. Firstly, they have a high affinity and specificity for their target antigens,
similar to traditional antibodies. However, because they are smaller in size, they can access epitopes
that may be inaccessible to larger antibodies [30].

Secondly, nanobodies have excellent stability and solubility, which makes them easier to
produce and store than traditional antibodies. They can also withstand harsh conditions such as high
temperatures and low pH levels [31].

Thirdly, nanobodies can be easily engineered to improve their properties or modify their
function. For example, they can be conjugated to fluorescent dyes or other molecules for imaging or
drug delivery purposes [32].

Finally, nanobodies have a low immunogenicity in humans due to their non-human origin. This
means that they are less likely to cause an immune response when used therapeutically [33].

4. Nanobodies as spray and eresol particles:

Spray and aerosol delivery methods have been used for decades to deliver drugs to the lungs
and other parts of the body [34]. These methods involve creating a fine mist or spray that can be
inhaled or applied topically to the skin. In recent years, researchers have begun exploring the use of
these methods for delivering nanobodies [35].

There are several different types of sprays and aerosols that can be used to deliver Nbs (Table
1) [36]. One common method is to use a nebulizer, which converts liquid medication into a fine mist
that can be inhaled through a mouthpiece or mask [37]. Another method is to use an inhaler, which
delivers medication in a pressurized form through an inhalation device [38].

In addition to delivering nanobodies directly to the site of action, sprays and aerosols also offer
other advantages over traditional drug delivery methods [39]. For example, they can be used to
deliver drugs that are not easily absorbed by the body, such as proteins and peptides [40]. They can
also be used to deliver drugs that would otherwise be destroyed by the digestive system if taken
orally [41]. One area where nanobodies have shown promise is in the treatment of respiratory tract
viral infections (Figure 1) [39].
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Table 1. Comparison between inhalation and systemic delivery of nanobodies.

doi:10.20944/preprints202310.1097.v1

Inhalation Systemic Refs
Approach DPI Nebulizer Nasal device Intravenous or Intramuscular
e Allow direct delivery | ® Allow direct delivery of Nb to | e  Allow direct delivery of Nb | e Nbs delivered | [42]
of Nb to the the respiratory tract. to the nasal cavity and lungs. systemically can target
respiratory tract. e Nebulizers are non-invasive | e Nasal administration of Nbs various tissues,
e Portable. devices that convert liquid can stimulate local immune depending on their
e Fase of self- medications to a fine mist that responses in the respiratory specific properties and
administration. can inhaled directly to the mucosa, leading to increased intended therapeutic
Advantages lungs. production  of  antiviral application.
e Stable for patients with poor factors like interferons and | e Allow Nbs to circulate
lung function. cytokines. throughout the entire
body.
e DPIs may not e Lack of approved excipients for | ¢ Limited delivery to target | ¢ Systemic delivery has a | [21]
efficiently deliver Nbs formation sites. higher risk of adverse
to the lower e Bulky devices and requires | ¢ Lack of extensive clinical data effects due to wider
respiratory tract. maintenance. on their safety and efficacy in distribution and potential
e Lack of approved e Poor stability in liquid. humans. off-target interactions.
Disadvantages excipients for e  The onset of action may
formation vary depending on factors
e Not suitable for such as circulation time,
patients with poor tissue distribution, and
lung function. target engagement.
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Recent studies have shown that nanobodies delivered as spray or aerosol particles can effectively
treat respiratory viral infections in animal models [12, 36]. In one study, researchers used nanobodies
targeting RSV to treat mice infected with the virus. The nanobodies were delivered as an aerosol
spray directly into the lungs, and were found to significantly reduce viral load and improve lung
function compared to untreated mice [43].

Another study looked at the use of nanobodies targeting influenza virus in ferrets. The
nanobodies were delivered as an aerosol spray into the nose, mimicking how humans would receive
treatment for influenza. The researchers found that the nanobodies were able to prevent infection
with both seasonal and pandemic strains of influenza virus [44].

These studies provide strong evidence for the potential efficacy of nanobodies as spray and
aerosol particles for treating respiratory viral infections. However, there are still challenges that need
to be addressed before these therapies can be used in humans. One challenge is the development of
scalable production methods for nanobodies, as current methods are often time-consuming and
expensive. Another challenge is ensuring the safety and efficacy of these therapies in humans, as
there is still limited data on their use in clinical settings [45].

Despite these challenges, the potential benefits of nanobodies as spray and aerosol particles for
treating respiratory viral infections are clear. These therapies offer a promising new approach to
treating these infections, and could help reduce the burden of respiratory viruses on global health.
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Figure 1. (A) in the airways, there is an illustration depicting a respiratory virus entering the host cell. This
serves as a starting point to understand how nanobodies interfere with viral entry. One mechanism
highlighted in this section is the ability of nanobodies to bind to viral surface proteins, such as spike proteins,
thereby preventing their attachment to host cell receptors. This interaction effectively blocks viral entry and
subsequent infection. Nanobodies can directly bind to viral particles and inhibit their infectivity by preventing
fusion with host cell membranes or disrupting essential steps in viral replication. This neutralizing effect is
crucial in limiting viral spread within the respiratory tract. (B) As the viruses enters the systemic circulation,
Nbs can engage with immune cells, such as macrophages or natural killer cells, and enhance their antiviral
activity. Additionally, they can act as immunomodulators by regulating cytokine production or promoting
antibody-dependent cellular cytotoxicity (ADCC), leading to enhanced clearance of infected cells.

5. Advantages of nanobodies as spray and eresol particles over traditional antibodies:

In recent years, nanobodies have emerged as a promising alternative to traditional antibodies in
various fields of research and medicine (Table 2). These small antibody fragments, possess unique
properties that make them highly advantageous when used as spray and aerosol particles [46].
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Firstly, one of the major advantages of nanobodies is their small size. Traditional antibodies are
large molecules composed of two heavy chains and two light chains, making them difficult to deliver
efficiently through sprays or aerosols. In contrast, nanobodies consist of a single variable domain that
retains the antigen-binding capacity [19]. Their compact structure allows for better penetration into
tissues and mucosal surfaces, enabling effective delivery to target sites within the respiratory system.
One advantage of using sprays and aerosols to deliver nanobodies is that they can be targeted directly
to the site of action [19].
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Table 2. comparison between different types of antibodies against respiratory tract viral infections, their structural characteristics, mechanism of action, and current stage of development.

Types of antibodies Structure and MW mechanism of action Current stage of development Refs
Monoclonal antibody 4 e mAbs are effective in treating e Regeneron's casirivimab and imdevimab: These | [47]
S ' respiratory viral infections by monoclonal antibodies received emergency use
2 targeting and neutralizing the authorization for the treatment of mild to
- virus. They prevent the virus from moderate COVID-19 in non-hospitalized
. e infecting host cells and spreading patients. They target the spike protein of SARS-
by binding to viral proteins or CoV-2, blocking its interaction with human
receptors. This inhibits the spread cells and reducing viral replication.
of the infection within the
respiratory tract and reduces its
severity.
Single-chain variable e scFv involve binding to target e scFv antibodies have been designed to target [36, 48]

fragment (scFv)

?
' L

antigens, blocking their function or
signaling pathways, and triggering
immune responses against the

target cells or molecules.

the fusion protein of RSV, which plays a crucial
role in viral entry into host cells. By blocking

this protein, scFvs can prevent RSV infection.

e scFvs can target specific proteins on the
coronavirus surface, such as spike glycoprotein,
inhibiting viral attachment and entry into host

cells.

Nanobody

YHH

e Nbsinvolves binding to their
target antigens with high affinity,
blocking their function or

promoting their degradation.

e Nbs offer a potential solution by targeting
conserved regions on the viral surface that are
less prone to mutation. These nanobodies can

inhibit viral entry into host cells or block

(3]
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essential viral functions, thereby preventing

infection.

e Nbs can neutralize RSV by binding to specific
viral proteins and preventing their interaction

with host cells.
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Another advantage of using sprays and aerosols is that they can be easily administered by
patients themselves [49]. This is particularly important for chronic conditions such as asthma or
COPD, where patients may need to use medication on a regular basis [50]. By using a spray or aerosol,
patients can self-administer their medication without needing assistance from a healthcare
professional.

Furthermore, nanobodies offer enhanced tissue penetration due to their ability to bind epitopes
inaccessible to conventional antibodies. Their small size allows them to reach deep into tissues or
mucosal surfaces where larger antibodies may struggle to access [51]. This property is particularly
advantageous in the context of respiratory diseases, where effective targeting of pathogens or
antigens within the lungs is crucial for therapeutic success [52].

Moreover, nanobodies exhibit exceptional stability compared to traditional antibodies. They can
withstand harsh environmental conditions such as extreme temperatures and pH variations without
losing their functionality [3]. This stability is crucial for maintaining the integrity of the nanobody
during storage and transportation as spray or aerosol particles. It also ensures that the therapeutic
effect remains intact upon administration [53].

Additionally, nanobodies have a lower immunogenic potential compared to traditional
antibodies. The smaller size and unique structure of nanobodies make them less likely to elicit an
immune response when administered as sprays or aerosols [54]. This reduced immunogenicity
minimizes the risk of adverse reactions and increases patient tolerance, making nanobody-based
therapies a safer option for respiratory conditions [54].

Lastly, nanobodies can be easily engineered and modified to enhance their properties. Through
techniques such as protein engineering or fusion with other functional molecules [55], researchers
can optimize nanobodies for specific applications. For instance, they can be engineered to have
prolonged half-lives in the body or improved binding affinity towards target antigens. Such
modifications enable customization of nanobodies as spray or aerosol particles, tailoring them to
meet specific therapeutic needs [19].

6. Strategies for optimizing nanobody formulations

To optimize spray and aerosol formulations, particle engineering techniques such as spray
drying or nebulization are employed. Spray drying involves converting liquid formulations into dry
powders by atomizing them into a hot drying gas stream. This process can produce highly dispersible
powders that can be easily reconstituted into aerosols upon rehydration [56].

Nebulization is another commonly used technique where liquid formulations are converted into
fine droplets suitable for inhalation. Nebulizers generate aerosols by using compressed air or
ultrasonic vibrations to break down liquid formulations into droplets of desired size range. This
method is particularly useful for delivering nanobodies directly to the respiratory tract [57].

Optimizing nanobody formulations as spray and aerosol particles also involves considering
factors such as particle size, stability, and compatibility with the delivery device [40]. The particle
size should be within the respirable range (1-5 pm) to ensure efficient deposition in the lungs.
Stability studies are conducted to assess the physical and chemical stability of nanobodies during
storage and aerosolization processes. Compatibility studies evaluate the interaction between
nanobodies and the delivery device to ensure proper functionality and prevent aggregation or
denaturation [58].

6.1. Encapsulation technique

Encapsulation is a technique used to protect and deliver drugs or therapeutic agents, in a
controlled manner [59]. In the context of nanobody formulations for spray and aerosol particles,
encapsulation plays a crucial role in optimizing their effectiveness [21].

Nanobodies have gained significant attention in recent years for their potential applications in
various fields, including drug delivery [53]. However, the successful delivery of nanobodies via spray
or aerosol particles requires careful consideration of several factors [36].

One of the main challenges in formulating nanobodies for spray and aerosol delivery is their
susceptibility to degradation or denaturation. Encapsulation techniques can help protect nanobodies
from environmental factors such as temperature, humidity, and pH changes that may occur during
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storage or administration. By encapsulating nanobodies within protective carriers, their stability can
be significantly improved [21].

Encapsulation also enables the controlled release of nanobodies upon administration [60]. This
is particularly important for targeted delivery to specific sites within the body. By encapsulating
nanobodies within particles that can be easily delivered via sprays or aerosols, their release can be
precisely regulated to achieve optimal therapeutic effects [60].

Various encapsulation methods can be employed for optimizing nanobody formulations as
spray and aerosol particles. One commonly used approach is the use of polymeric carriers such as
liposomes or nanoparticles. These carriers can entrap nanobodies within their core or surface and
provide protection against external stresses [20].

Liposomes are lipid-based vesicles that can encapsulate hydrophilic or hydrophobic substances
within their aqueous core or lipid bilayers. They offer excellent biocompatibility and can be easily
modified to enhance stability and targeting capabilities [61]. Nanoparticles, on the other hand, are
solid colloidal particles with sizes ranging from 1 to 1000 nanometers. They can be made from various
materials such as polymers, metals, or ceramics and can be engineered to control their size, surface
charge, and drug release properties [62].

In addition to polymeric carriers, other encapsulation techniques such as coacervation,
microencapsulation, or spray drying can also be employed for nanobody formulations. Coacervation
involves the phase separation of a polymer solution to form droplets that encapsulate the nanobodies
[63]. Microencapsulation utilizes techniques like emulsion or solvent evaporation to form small
capsules containing the nanobodies [64]. Spray drying involves converting a liquid formulation into
dry particles using a spray nozzle and hot air [65].

In brief, encapsulation techniques play a vital role in optimizing nanobody formulations for
spray and aerosol particles. They provide protection against degradation, enable controlled release,
and enhance targeting capabilities. By carefully selecting appropriate encapsulation methods and
carriers, the effectiveness of nanobody-based therapies can be significantly improved for various
applications in medicine and biotechnology.

6.2. Surface modifications technique:

Surface modification techniques for optimizing nanobody formulations as spray and aerosol
particles involve modifying the surface properties of nanobodies to enhance their stability, solubility,
and bioavailability when administered via spray or aerosol delivery methods [66]. These techniques
aim to improve the therapeutic efficacy and delivery efficiency of nanobodies [66].

One common surface modification technique is PEGylation, which involves attaching
polyethylene glycol (PEG) chains to the surface of nanobodies. PEGylation improves the stability and
solubility of nanobodies by shielding them from proteolytic degradation and reducing their
immunogenicity. The PEG chains also increase the hydrophilicity of nanobodies, allowing them to
disperse more easily in aqueous solutions and form stable aerosol particles [67].

Another technique is lipid-based surface modification, where lipids are conjugated to the surface
of nanobodies [68]. Lipid modifications can enhance the stability and membrane permeability of
nanobodies, enabling better absorption through mucosal surfaces in the respiratory tract. This
approach is particularly useful for developing inhalable nanobody formulations for respiratory
diseases [69].

In addition to PEGylation and lipid-based modifications, other surface modification strategies
include coating nanobodies with biocompatible polymers like chitosan or albumin. These coatings
can protect nanobodies from enzymatic degradation, improve their stability during storage, and
facilitate their interaction with target cells or tissues [70].

Overall, surface modification techniques combined with particle engineering methods play a
crucial role in optimizing nanobody formulations for spray and aerosol delivery. These strategies
enhance the stability, solubility, and bioavailability of nanobodies, enabling their effective
administration via inhalation for various therapeutic applications.

7. Future prospects and challenges

Respiratory viral infections do not respect borders; therefore, a coordinated global response is
essential. International collaboration is crucial for sharing information, resources, and expertise.
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Governments and organizations must work together to establish early warning systems and facilitate
the rapid exchange of data during outbreaks [71].

The potential for the development of new nanobody-based therapies is vast. Nanobodies have
already been used to treat a variety of diseases, including cancer [72], infectious diseases [73], and
autoimmune disorders [74]. For example, a nanobody called caplacizumab has been approved by the
FDA for the treatment of acquired thrombotic thrombocytopenic purpura (aTTP), a rare blood
disorder [75].

However, there are several regulatory hurdles and commercialization challenges that must be
overcome before nanobody-based therapies can become widely available. One major challenge is the
lack of standardized regulatory guidelines for nanobodies. Currently, there is no specific regulatory
pathway for the approval of nanobody-based therapies [73, 76]. This can make it difficult for
companies to navigate the regulatory process and obtain approval for their products.

One of the primary challenges is the delivery of nanobodies to the target site in the respiratory
tract [36]. The respiratory tract is a complex system, and delivering drugs to specific areas can be
challenging. Nanobodies can be rapidly cleared from the lungs by mucociliary clearance or
phagocytosis by alveolar macrophages [77].

To overcome these challenges, researchers have developed various strategies for delivering
nanobodies to the respiratory tract. One approach is to use nebulizers or inhalers that generate
aerosol particles with a size range suitable for deposition in the lungs. This method has been
successful in delivering biologics to the lungs [78].

Another strategy is to modify nanobodies with chemical moieties that enhance their stability
and prolong their residence time in the lungs. For example, PEGylation (the attachment of
polyethylene glycol) has been shown to increase the half-life of nanobodies in vivo and improve their
pharmacokinetic properties [52].

Another challenge associated with using nanobodies as spray and aerosol particles is their
potential immunogenicity. Nanobodies are derived from camelids or sharks and may be recognized
as foreign by human immune systems, leading to an immune response against them. This can reduce
their efficacy or cause adverse effects [21].

Another challenge is the high cost of developing and manufacturing nanobody-based therapies.
Nanobodies are complex proteins that require specialized manufacturing processes. This can make it
expensive to produce large quantities of these proteins for clinical trials and commercial use [79].

To address this challenge, researchers have developed humanized versions of nanobodies that
are less likely to elicit an immune response. Humanization involves replacing the non-human
portions of the nanobody with human sequences, while retaining the antigen-binding properties of
the original molecule [3].

In addition to these challenges, there is also competition from other types of biologics, such as
monoclonal antibodies. Monoclonal antibodies have been widely used in the development of new
therapies and have established regulatory pathways for approval [80].

9. Conclusion

This mini-review highlights the immense potential of nanobodies in revolutionizing the
treatment of respiratory viral infections. The use of nanobodies as spray and aerosol particles offers
several advantages, including enhanced delivery to the respiratory tract, increased stability, and
reduced side effects compared to traditional therapies.

This article provides an overview of the current research and development efforts in this field,
showcasing the promising results obtained from preclinical and clinical studies. Nanobodies have
demonstrated their ability to effectively target viral antigens, neutralize viral particles, and modulate
immune responses within the respiratory system.

Furthermore, the article discusses various strategies for optimizing nanobody formulations as
spray and aerosol particles, such as encapsulation techniques and surface modifications. These
approaches not only enhance the therapeutic efficacy but also improve patient compliance by
enabling non-invasive administration.

The potential applications of nanobodies extend beyond treating respiratory viral infections.
They can also be utilized for prophylaxis, post-exposure prophylaxis, and even as diagnostic tools.
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The versatility of nanobodies makes them a promising candidate for combating emerging viral
threats and addressing challenges associated with antiviral drug resistance.

However, despite these remarkable advancements, several challenges remain to be addressed
before nanobody-based therapies can be widely implemented. These include large-scale production,
cost-effectiveness, regulatory considerations, and long-term safety assessments. Further research is
needed to optimize these aspects and establish robust clinical evidence supporting their efficacy.
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