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Abstract 

Improvement in the development and administration of vaccines has incorporated with the use of nanoparticles. In this regard, Gold 
Nanoparticles (GNPs) are considered for numerous good reasons. They are resistant to chemical reactions, can bind to small molecules and 

are relatively easy to produce hence being suitable for-vaccine engineering. Also, GNPs are useful in disease diagnosis and research because 

of their swift circulation in the body and their response to detection. Among their properties, the immunostimulant effects and increasing 

the efficiency of vaccines are most valuable. These GNPs can also incorporate antigens, which will guarantee the delivery of vaccines to a 

particular target tissue. When formulated with antibodies they can be targeted at delivering to a tissue or cell. These characteristics include 
size, structure, cost, and optical properties governance of their interaction with the immune system. Some findings indicate that GNPs can 

act to activate immune cells that include dendritic cells, T cells and B cells. This chapter's main goal is to demonstrate how GNPs are used to 

create nanovaccines that protect against a variety of infectious agents, including bacteria, viruses, and parasites. Even though GNPs have 

drawbacks and a low but noticeable amount of toxicity, their advantages make it worthwhile to devote more time and effort to creating 
innovative vaccine approaches. 
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Introduction 
 

The vaccines have come a long way from the infectious diseases to cancer vaccines. This development is primarily attributed to the growth 

of nanotechnology. Nanoparticles (NPs) have been proven useful in vaccines production. Another crucial component of vaccine development is 

selecting the proper adjuvant — the substance used to jump start an immune reaction. Scientists have investigated various nanoparticles in 

order to evaluate their immunomodulatory potential in other disease models. These nanoparticles not only enhance the immunogenicity of the 
vaccine, but also have the function of delivery for the vaccine. Distribution technique, shape, size, and amalgamation of the antigen into the NP 

have an impact on the proficiency of it (Comber & Bamezai, 2015; Salazar-González et al., 2015). Much research has been conducted in the 

recent years to understand how nanoparticles modulate immune system and how they can enhance immunity, minimize adverse reactions and 

eliminate side effects (Frey et al., 2018; Kelly et al., 2019). Out of all the tremendous number of nanoparticles that have been involved in various 

vaccine endeavors, one can distinctively remember gold nanoparticles (GNPs). Because of their facility in their labeling with antigens & due to 
their ease in chemical point of view, GNPs are useful in preparation of vaccinations (Fai & Kumar, 2021). Some of the unique properties that 

are attributed to high surface area volume ratio of GNPs are peculiar plasmonic excitation, strong binding affinity and electronic structure 

(Personick et al., 2011). Additionally, it allows GNPs to engage with many types of ligands and functionality groups to improve the steadiness 

of the functionalized GNPs. Due to low toxicity of colloidal gold, magnetic and optical characteristics, it is applied in the treatment of multiple 
diseases (De Matteis et al., 2020). In some trials, multifunctional GNPs have been used in aggregation with FDA-endorsed antibiotics and 

antimicrobials (Fan et al., 2019). Also, GNPs conjugated with antigenic peptides have been able to effectively elicit high titer pathogen specific 

antibodies (Quach et al., 2018).  

To achieve a specific and planned release at the intended target site, the researchers can employ GNP based systems to deliver drugs or 
antigens (Lee et al., 2018). These GNPs can be modified in a way that particular molecules or antibodies can attach themselves to the GNPs’ 

surface in order to significantly increase the selectivity with which they bind target cells. Gold nanoparticles upon interaction with biological 

systems lead to some changes in that system as well as in themselves as indicated by figure 1. It increases the immune reaction at the area of 
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point injection while decreasing detrimental effects in other areas of the body (Kalishwaralal et al., 2020). Moreover, GNPs have additional 

immunoadjuvant effects that enhance the immune reaction. Researchers have the potential to authorize the immunogenicity of GNPs by altering 
shape, charge, size and surface disposition when explore a biological system (Dykman & Khlebtsov, 2019).  

 

Key Characteristics and Roles of Gold Nanoparticles in Vaccine Development 

As potent antigen trailers in immunization, gold nanoparticles (GNPs) are also extensively used. They could be considered perfect because 
they are easily formed, have unique chemical and physical properties and are reasonably non-toxic (Fan et al., 2020). Resultantly, these 

nanocarriers need to be directed straight at the definite immune cells or locations. The immunological response or vaccination requires the 

provocation of immune-related genes, antigen processing, antibody generation, cytokine creation and T cell activation, all of which are 

facilitated by this direct transport (Pati et al., 2018). GNPs fall under the class of tiny, highly surface-aread nanoparticles that can breach barriers 
and blood arteries. Their chances of attaining their destination are increased because they can be captivated by cells (W. Wang et al., 2020). 

Furthermore, GNPs are environmentally assisting because of their degradability in water and their chemical inertness. They may be modified 

with other peptides and compounds, thus they can be presented in various forms and to be slightly more sophisticated. Also, nanoparticles are 

stable, which enable broad areas of utilization as shown in figure 2 (Amina & Guo, 2020). 
 

 

Fig. 1: Change in 

properties of Gold 

Nanoparticles upon 

interation with 
Biological Systems 

and vice versa 

 

 

Viral genes can be utilised in vaccine production to incorporate GNPs into viral structures called virus like particles (VLPs) (Wang et al., 

2016). It can also be adsorbed to proteins and polysaccharides before use as an antigen. According to past research, the gold sugar nanoparticles 

have immunomodulatory effects. Furthermore, GNPs also boost the immune system which makes them preferable in preparing vaccines. Due 
to these characteristics, GNPs are presented as the media technology desired to be applicable in medication delivery, injection, and disease 

diagnosis (Dykman, 2020). 

 

Impact of Gold Nanoparticle Morphology on Immune Responses 
The size and form of the GNPs have great influence on the manner in which they behave in a host’s immune system. Most of these 

characteristics determine the manner of functioning of these proteins as the enhancer and in modulation of the immune system for various 

illnesses (Kohout et al., 2018). For example, in bone marrow-derived dendritic cells (BMDCs), the rod-shaped GNPs increase interleukins, 

particularly IL-1b and IL-18. However, when normal cells, granulocyte macrophage colony-stimulating factor (GM-CSF), IL-6, and IL-17 are 
present, the spherical GNPs are active in activating cytokines (Cai et al., 2022). (Niikura et al., 2013) studied on the impact of shape of GNPs; 

spherical, rod and cube on the immune system. Comparing their study's findings, the scientists noted that these nanoparticles' capacity to 

generate antibodies or TNFα depends critically on their surface area to size ratio. When it came to cytokines like IL-6 and IL-12, the largest 

GNPs-about 40 nm in size-were more effective than smaller or other nanoparticles. The antibodies that GNPs form, are similarly prejudiced by 

their chemical makeup. It is conjectured that changes to the particle surface, such as roughness, antigen coating or hydrophobicity influence 
the type and degree of immunity (Farfán-Castro et al., 2021). Besides, the location of GNPs within cells is also inclined by their size. For instance, 

the larger nanoparticles, with a size of between 5.5 and 8.2 nm, aggregate in the cytoplasm; and 2.4 nm nanoparticles are internalized through 

endocytosis. However, GNPs with size >18-20 nm do not enter the cells at all (Mulens-Arias et al., 2020). 
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Effect of GNPs on Dendritic Cells, Macrophages, and Natural Killer Cells  

Dendritic Cells  
Dendritic cells (DCs) are critically important for initiating immune response and GNPs exert a robust immunomodulatory effect on DCs. 

Researchers can attach several chemicals to the GNPs surface in order to thus support the immune response system and make it even more 

clumsy to the target DCs. (Cunha-Matos et al., 2016). In one study, animals containing Listeria monocytogenes antigens received DCs which 

have been loaded with GNP. This strategy generated an effective Th1 immunity which was attracting CD8+T cells and killer cells and the vaccine 
was much more effective than conventional approaches, proving the GNP system’s capability of strengthening the immune system (Rodriguez-

Del Rio et al., 2015). An endotoxin- like effect is observed in BMDCs that release proinflammatory cytokines such as IL-6, TNF-α, and IFN-γ 

when they take up GNPs. These cytokines participate in initiating as well as maintaining immunological reactions (El-Sayed et al., 2021). In 

addition, GNPs can stimulate neutrophil to release extracellular decoy that causes immune reaction through DNA receptors such as Toll-like 
receptor 9 (TLR9) (Staroverov et al., 2019). It has become evident that GNP coatings interfere with how well they interact with dendritic cells. 

Namely, it points at GNPs that may interact with monocyte-derived dendritic cells (MDDCs), if the latter are coated with polyethylene glycol 

(PEG) or polyvinyl alcohol (PVA) or both. Although the PEG coating improved the aspect of cells creating TNF-α, it reduced the quantity of 

GNPs these cells could uptake. On the other hand, GNPs conjugated with PVA or PEG-PVA blend caused higher levels of IL-1b release which 
was in equal proportion to the amount produced. However, neither of these coatings seemed to have a direct effect on the MDCs themselves; 

namely, their phenotype or functionality (Fytianos et al., 2015) 

 

 

Fig. 2: Applications of Gold 

Nanoparticles 
 

 

Macrophages  

Macrophages have a versatile role in distinguishing and creating the immune system, as well as preventing diseases from arising. (L. 

Wang et al., 2020). It has also been discovered that the internalization of GNPs enhances the macrophage ability to communicate with other 
cells, a key characteristic of tissue repair and regeneration (Luan et al., 2020). Notably, GNPs inhibit the ability of macrophages to store 

proinflammatory cytokines. GNPs were reported to have similar impact on the spleen cells that are sensitized with LPS, which attacked the 

immune system, or show that they can modulate excess inflammation (Kingston et al., 2016). The capture of free radicals from these cells is 

again an important attribute of macrophages of GNPs. For instance, GNPs have been found to reduce the levels of Reactive Oxygen Species 
(ROS) in LPS stimulated mouse macrophages in a concentration dependent-manner. This decline is related to the decrease of the synthesis of 

other cytokines, such as TNF-α and IL-17 involved in inflammation. They describe how GNPs may function as guardians of inflammation and 

present a new treatment approach (Jiao et al., 2016).  
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Natural Killer Cells  

In the circulation, natural killer cells (NK) originating from the lymphoid progenitor lineage are strictly required for immunological 
shadowing. To induce infected cell death, they release perforins and granzymes. To guide the targeting of GNPs to NK cells, the mechanism of 

NK cell mediated antibody-dependent cellular cytotoxicity (ADCC) has been planned out. This is the manner through which antibody-tagged 

GNPs utilize as well as interact with NK cell receptors. This enhances the activation of NK cells to deliver performances (Jiao et al., 2016). A 

new approach of immunotherapy is a technique for employing PEGylated polyamidoamine dendrimers confined in GNPs to direct human 
ferritin heavy string into NK cells (Qu et al., 2019). Such an agent, when used to treat NK cells in vitro, gives GNPs a new shape that behaves 

anti-inflammatory, excitedly reducing IFN-γ emission (Elbagory et al., 2019). 

 

Use of GNP in Antiviral Immunization  
The researchers specifically prefer to use errand gold nanoparticles because of their multidisciplinary and viral vaccine characteristics. Their 

capacity to deliver and address particular cells makes them a unique method for vaccine manufacturing. In addition to enabling the transport of 

antigens, these nanoparticles provide the attached or core formulations optimal antiviral protection and enhance immune response. Besides their 

immunomodulatory properties, GNPs support the release and delivery of antigens for continuous effective immunization. Due to their qualities, 
they are an indispensable component of today’s vaccines and a dynamic factor in the virus disease control system. 

 

 

Fig. 3: A schematic representation 

of the use of GNPs in developing 

nanovaccines against a virus 
 

 
Figure 3 explains how any conserved, immunogenic peptide that is separated from a virus and attached to GNPs to form a nanovaccine is 

studied on mice. Even when the vaccine is given, dendritic cells transport the peptide to CD4 helper T cells and CD8 cytotoxic T cells, resulting 

in immunological initiation. This causes B cells to become activated and helper T cells to thrive clonally, which produces certain antibodies. 

While cytokines produced during this immune response help in forming either Th1 or Th2 responses depending on the degree of inflammation, 
cytotoxic T cells trace and eradicate infected cells. Long-lasting immunity is recognized by the development of memory B and T cells and the 

efficient neutralization of the virus by the formed antibodies. This ensures a rapid immune response to future infections by the same virus, 

possibly averting severe illness (Carabineiro, 2017). 

 
1. HIV 

The envelope glycoprotein of the human immunodeficiency virus (HIV) known as gp120, has a significant cluster of mannose-rich glycans, 

which is identified by 2G12-like antibodies. Gold nanoparticles that could link with 2G12 were formed using a monolayer covering of self-

assembled oligomannosides, which looked like gp120 (Abia et al., 2013). Furthermore, GNPs coupled to thiol-terminated oligosaccharides have 
been employed in the formation of HIV vaccines (Chiodo et al., 2015). When coated with a synthetic fractional structure of several mannosidases, 

GNPs with a size of 2 nm show exceptional binding to anti-HIV antibody-like 2G12. Alpha helices or beta strands can be formed by conjugating 

the third variable region (V3 peptide) of HIV1's gp120 to GNP. In addition to manufacturing a large quantity of particular neutralizing antibodies 

in rabbits, this increases their steadiness against peptidase dilapidation in any form (Xu et al., 2012). 

 
2. Hepatitis B  

Gold nanoparticles (GNPs) have been publicized to be an auspicious platform for diagnosis and cure of hepatitis B. One such ground-

breaking tactic involves extraction of hepatitis B virus (HBsAg) DNA from epidermal cells with a GNP coated gene gun that has been shown to 

be a calming strategy (Negahdari et al., 2019). The second important application involves the use of GNPs as an adjuvant with plasmid DNA 



 166 

encoding HBsAg, injected into mice. Incorporation of GNPs not only increases the immune response but also expedites antibody production 

such that animals reach peak antibody levels sooner than with standard methods. Additional in vitro studies have also shown further 
advantages. When RAW 264.7 macrophages were treated with HBsAg conjugated gold nanocages, antigen uptake and processing capacity were 

increased. Along with this secretion of interleukin-4 (IL-4) further implies an increased immune response. In addition, new progress shows 

that GNPs are particularly useful for the detection and identification of HBsAg, which represents a new and powerful method for monitoring 

hepatitis B infection (Kim et al., 2018).  
 

3. Hepatitis C  

Using conductive plasmonic gold nanoparticles (GNPs), a research team has unveiled a new approach to a highly effective hepatitis C DNA 

vaccine. The formation of pores in the cell membrane allows this unique opening, which greatly increases absorption of the DNA vaccine. The 
findings were surprising: The mice in the group that got GNP had the gene at 100 times the level of the control group that didn't get GNP. Mice 

treated with GNPs also have enhanced immune responses, with markedly increased humoral (antibody-mediated) and cell mediated immunity 

(Draz et al., 2017).  

 
4. Dengue  

Domain III envelope glycoprotein derived from serotype 2 of the dengue virus to bind gold nanoparticles (GNPs) of different sizes (20, 40 

and 80 nm) was used. Subcutaneous administration to BALB/C mice 3 times was done. The results were encouraging: Mice developed serotype 

specific neutralizing antibodies and were highly immunized. The researchers then judiciously adjusted the height and size of the GNP, and they 

found this transformed the vaccination level in the animals. Moreover, the treatment results in profound changes in the immune system: spleen 
cell proliferation and activation as well as helper T cell and cytotoxic T cell expansion. In mice, synthesis of important cytokines such as IL-4 

and IFN-γ was also increased (Quach et al., 2018). In another experiment, GNPs were joined with small interfering RNA (siRNA) that targeted 

dengue virus. This approach increases the anti-inflammatory effect by improving the stability and delivery of siRNA (Paul et al., 2014).  

 
5. Influenza  

Gold nanoparticles (GNPs) have been subjected to significant research in developing anti-influenza drugs. The conserved N-terminal 

extracellular domain of the influenza virus matrix protein 2 (M2e) peptide was used and linked to 12 nm GNPs (Tao et al., 2017). BALB/C mice 

were twice vaccinated with GNP conjugates. The results were encouraging: Mice that produced more IgG1 and IgG2 antibodies had better 
protection when challenged with the deadly PR8-H1N1 virus (Tao et al., 2014). 

Many other vaccination processes have been developed to combat viral pathogens. A few of these are highlighted in Table 1. 

 

Table 1: Use of GNP-based Nanovaccines against Viral Pathogens 

No. Antigen Type AuNP Formulation Immune Reaction Observed 

1 Spike protein from Avian 
Coronavirus 

Virus-like particles 
synthesized with 100 nm 

AuNPs 

Improved antigen targeting to lymphoid tissues, enhanced spleen T-cell 
activation, higher antibody titers, and mitigated infection symptoms (Chen et al., 

2016). 

2 Gastroenteritis virus 

proteins 

Conjugated with 15 nm 

AuNPs 

Elevated levels of IL-6, IFN-γ, and IL-1β, enhanced macrophage and lymphocyte 

activity, and stronger humoral immunity through spleen follicle increase 
(Staroverov et al., 2011). 

3 Glycoprotein from 

respiratory syncytial virus 

Nanorods Stimulated immune cell expansion, including activation of primary T-cells by 

dendritic cells (Stone et al., 2013). 

4 Rabies virus glycoprotein 

(Moscow strain 3253) 

Conjugated with 15 nm 

AuNPs 

Elicited production of virus-neutralizing antibodies with high specificity (Bawage 

et al., 2016).  
5 West Nile virus Various shapes:  

20–40 nm nanospheres, 

nanorods, and nanocubes 

40 nm nanospheres produced the highest antibody titers; nanorods showed 

greater cellular uptake by dendritic cells and macrophages (Niikura et al., 2013). 

 

Use of GNP in Antibacterial Immunization  
Gold nanoparticles (GNPs) have been developed as an important vaccine and antigen delivery tool against a variety of bacterial diseases. 

A few of them are highlighted in Table 2. In some cases, they act as boosters to boost immune responses. For example, antibody against the N-
terminal domain of the flagellin domain of Pseudomonas aeruginosa in combination with Freund’s adjuvant and GNPs significantly augmented 
the IgG response. Similarly, combining 15 nm GNPs with two antigens from Francisella tularensis induced anti-tularemia sera by eliciting 
antibodies. GNPs were also used for the first time as an adjuvant to generate antibodies against surface antigens of Yersinia pseudotuberculosis 
(Staroverov et al., 2003). In addition, F1 antigens were coated with 15 nm GNPs and studies were performed on Yersinia pestis. This process 
led to high levels of IgG2a, interferon gamma and Th1 cell infiltration and hence improved immune responses (Gregory et al., 2012). Surface 
antigens of Salmonella typhimurium were coated with GNPs and were shown to have improved immunogenic properties after viral clearance. 
Additionally, GNPs from the capsular polysaccharide of Neisseria meningitidis were treated with non-immunogenic sugars to increase T cell 
activity, MHCII expression and overall immune responses (Fallarini et al., 2013). 
 

Use of GNP in Anti-Parasitic Immunization 

 Stimulating the host’s immune response, GNPs have become an important area of research on parasitic diseases. Many other vaccination 



 167 

processes have been developed to combat parasitic pathogens. A few of them are explained in Table 3. In one study it was found that GNPs are 

capable of activating MHC I and II which are responsible for antigens presentation to the immune system. This stimulation activates a response 
from the leading actors of the immune system, CD4+ and CD8+ T cells. It was touched that the GNPs could enhance the host’s immunity 

against parasitic infections and synthesize high titer of species specific antibody (Parween et al., 2011; Kumar et al., 2015). 

 

Table 2: Use of GNP based Nanovaccine against Bacterial Pathogens 

No. Antigen Type AuNP Formulation Immune Reaction Observed 

1 Listeriolysin O peptide 

(LLO91-99) from L. 

monocytogenes 

Conjugated with AuNP Increased CD4+ and CD8+ T-cell populations, NK cells, and dendritic cells; 

stimulated cytokine production (IL-12, TNF-α, IFN-γ, MCP-1) (Calderón-

Gonzalez et al., 2016). 

2 Outer membrane vesicles 

from E. coli 

Conjugated with 30 nm 

AuNPs 

Prompted rapid maturation of dendritic cells, higher-quality antibodies, and 

strong Th1/Th17 immune responses via IFN-γ and IL-17 (Gao et al., 2015). 
3 Tetanus toxoid 

(Clostridium tetani) 

25 nm AuNPs combined with 

saponin-based adjuvants 

Oral delivery significantly improved mucosal immune responses in the presence 

of plant-derived adjuvants (Liu et al., 2018). 

4 Tuberculin (antigens from 

various mycobacteria) 

Conjugated with 15 nm 

AuNPs 

Promoted robust antibody responses against diverse mycobacterial strains 

(Staroverov & Dykman, 2013). 

 
Table 3: Use of GNP based Nanovaccine against Parasitic Pathogens 

No. Antigen Type AuNP Formulation Immune Reaction Observed 

1 Recombinant protein from 

Schistosoma mansoni 

Gold nanorods 

conjugated 

Activated Th1 response; increased IFN-γ production by CD4+ and CD8+ T-cells; 

up-regulated MHCI/MHCII expression and IL-1β synthesis (Assis et al., 2018). 

2 Surface protein Pfs25 from P. 
falciparum 

Gold nanospheres, 
nanostars, nanocages, 

and nanoprisms 

Produced high-affinity antibodies using nanospheres and nanostars with the 
highest reactivity; This demonstrated efficient suppression of parasite 

migration to mosquitoes (Kumar et al., 2015).  

3 Merozoite surface protein fragment 

(19 kDa) from P. falciparum 

17 nm AuNP combined 

with Alhydrogel® 

Stimulated immune reactions against low immunogenicity peptides; 

preventing the invasion of parasites in-vitro (Parween et al., 2011).  

 
Discussion and Future Perspectives 

This chapter contends that gold nanoparticles hold a great promise in preventing and managing many diseases. GNPs have been o n 

the rise in the synthesis and use in nano vaccine research and are considered as a possible solution to address some of the w orld’s most 

deadly diseases. For this reason, GNPs are considerably safe for use by humans and this makes them a common ingredient in vac cines 

against many diseases ranging from infectious to cancerous diseases. GNPs are exceptional, and their affluence of app lication and 
manipulability are tremendously attractive to researchers. For example, GNPs are conjugated to isotopes, fluorescent tags or optical probes, 

and high-resolution optical imaging techniques are used to protect specific cells with antibodies or ligands. GNPs have also been shown as 

effective for use in biosensors and microscopy for detecting bacterial infections. GNP conjugated vaccines have been shown to  give 100% 

survival rates against lethal viruses in animal studies. Yet many obstacles remain for the successful application of GNPs in vaccine 
development and clinical practice. First, we need to have a uniform, large scale production system for GNPs. It has been prev iously 

mentioned that charge, size and shape of GNPs can impact cell interaction,  and thus these variables need to be considered carefully when 

manufacturing. GNPs from 15 to 50 nm have been most studied and nano shells have been used in many of these studies, but othe r shapes 

such as nanocages, nanorods and nano cubes have not been explored. This leaves a missing piece of our understanding of how different 
GNPs of different sizes and types impact the system. 

One area that needs further research is the way that GNPs affect immune cells. Many exciting questions will be answered by detailed 

studies of how functional and nonfunctional GNPs interact with immune cells. GNPs biodistribution needs to be further investigated, 

particularly on non-targeted organs and cells. Studies tend to focus on organs, cells or infected pathogens, but overlook the possibility that GNP 
might accumulate in other organs. This brings us to the next important consideration: nanotoxicology. As GNPs are not irreversible, methods 

to reduce their toxicity or improve their elimination from the body need to be developed. 

 

Conclusion 

The peculiarities of GNPs such as increased number of accessible surface for a given volume, chemical inertness, low biotoxic ity, and 
ability to modulate immune reaction make them a breakthrough in immunotherapy and vaccinology. Due to their diverse roles,  these 

molecules may serve as immune enhancing agents and antigen carriers that enhance the efficacy of vaccines and decrease toxici ty. 

Moreover, varying the size, morphology, and surface properties of GNPs, it is possible to stimulate powerful immune reac tions with 

different types of immune cells such as natural killer cells, dendritic cells or macrophages. GNPs are incorporated into anti viral vaccines 
such as the flu vaccine, Hepatitis, Dengue and HIV, via enhancing antigen dispersion, promoting immune st imulation and increasing the 

duration of protection. Furthermore, because of their flexibility, they can couple with parasitic and bacterial antigens and encapsulate into 

virus like particles, which affords them potential for future enhancement in therapy as well as diagnosis. However, there are some 

challenges that have to be faced, for instance, one needs to produce GNP with high uniformity and scaled up production, toxic ity and 
biodistribution, avoiding biocorona formation, which may compromise the efficacy of the nanoparticles. Further, for its broader 

applications, further research is required to understand more about the effects of GNP with immune cells and efficiency trial s are needed 

to determinate the right dose and protocol to follow in order to avoid risks. 
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