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Abstract 

Virosomes, are innovative vesicular carriers with significant implications for drug delivery and 

vaccine development. Virosomes are lipid-based structures derived from viral envelopes, 

possessing both the fusogenic properties of viruses and the biocompatibility of liposomes, thus it 

outperforms conventional liposomes in terms of immunogenicity, stability, and specificity. This 

unique combination allows virosomes to efficiently deliver therapeutic agents into target cells. The 

abstract explores the structural and functional attributes of virosomes, emphasizing their ability to 

encapsulate a diverse range of cargo, including drugs and antigens. Utilizing the receptor-binding 

and membrane-fusion properties of the viral envelope glycoproteins can serve as vehicles for 

cellular delivery of biologically active macromolecules such as drugs, nucleic acids, or genes. The 

review highlights the pivotal role of virosomes in vaccine formulations, showcasing their capacity 

to enhance antigen presentation, characterization and stimulate robust immune responses. 

Furthermore, the abstract discusses recent advancements in virosome technology, such as surface 

modifications for improved targeting and strategies to optimize payload delivery. Virosomes' 

inherent immunostimulatory properties contribute to their success as adjuvants, augmenting the 

efficacy of vaccines against various pathogens. The abstract concludes by underlining the 

versatility and promising applications of virosomes in pharmaceutical and biotechnological fields. 

Their potential to revolutionize drug delivery systems and enhance vaccine efficiency positions 

virosomes as a focal point for future research and development, paving the way for innovative 

therapeutic strategies. 

Keywords: Virosome, HIV virosomes, vesicular carrier, Newcastle's disease virus, Crucell's 

Epaxal. 
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1. Introduction  

Innovative therapeutics for neurological or cancer disorders include delivery systems that allow 

target medications to be administered to specific host tissues and cell types via regulated release 

and receptor-mediated uptake. Novel therapeutics for neurodegenerative or cancer disorders 

employ delivery systems to target specific host tissues and cell types (1). Virosomal technology 

provides a novel delivery system that improves gene delivery by combining antigen, drug, and 

DNA from viral cover proteins, thereby increasing the effectiveness of targeted drug delivery and 

demanding delivery technique for overcoming these challenges (2). The study's objective is to 

enhance the in vivo delivery capability of virosomes, which are vesicles with pure fusion activity 

that transport encapsulated substances such as antigens, drugs, and genes into the target cell (3). 

Notwithstanding advancements in non-viral and viral vector systems, traversing the permeability 

barrier established by the plasma membrane remains the primary obstacle in drug delivery. 

Pharmaceutically active substances are shielded from proteolytic degradation and low pH within 

endosomes by virosomes. To improve the efficacy of gene delivery, molecules are inserted directly 

into cells. Virosomes are viral cover proteins that combine antigen, medicine, and DNA, among 

other things. Improving virosome delivery in vivo is a major goal in virosome research (4–6) 

Despite advances in non-viral and viral vector systems, overcoming the permeability barrier of the 

plasma membrane, followed by controlled release inside the cytoplasm, remains a significant 

barrier to delivering medications and other macromolecules into the target cell type (7). Virosomes 

are empty regenerated influenza viral envelopes wherever infectious nucleocapsid is found, it 

should be replaced with a chemical of your choice(8). Virosomes are pure fusion activity vesicles 

that transport an incorporated substance into the target cell, such as medicine, antigen, or genes. 

Virosomes protect pharmaceutically active substances inside endosomes from proteolytic 

degradation and low pH, allowing them to reach the cytoplasm intact. The virosome carrier 

technology has surpassed previously discovered drug delivery vehicles such as proteoliposomal 

and liposomal carriers (9). Virosomes are reconstituted viral membranes containing therapeutic 

molecules such as proteins, nucleic acids, and drugs that are created by removing nucleocapsids 

from enveloped viruses. They are similar to native viruses and were first used to purify influenza 

spike proteins in 1975 (10). The reconstitution of viral envelopes using enveloped viruses has 

resulted in their remarkable efficacy as vaccine agents, owing to their capacity to transport 

immunogens into host cells and stimulate the cellular and humoral immune systems without 

inducing adverse effects (11). They can also bind to receptors and fuse with membranes, which 

makes them good vehicles for getting compounds into cells. The need for an optimized drug 

delivery system for targeted specific delivery within the human body has sparked interest in 

virosomal technology, which aims to improve molecule delivery directly inside the cell (12,13). 

This technology is now being used in a new way to deliver antigens during vaccinations and to 

carry biological molecules in an empty space inside the cell (14). Virosomes, which are 

biocompatible and biodegradable, outperform both viral and non-viral vectors in terms of safety 

and the ability to release substances directly inside target cells. In addition to preventing endosome-

mediated proteolytic degradation of pharmacological substances, this system represents a 

potentially effective remedy for contemporary therapeutic approaches targeting cancer and 

neurodegenerative disorders (15,16). Their efficiency is related to viral capsid proteins' or 

membrane glycoproteins' ability to bind to cellular receptors and pass through or fuse with cellular 

membranes. However, the safety of the viral vector system remains a major concern, and issues 

such as insertion mutagenesis, as seen with retroviruses, and the induction of undesirable immune 

responses and inflammation remain significant challenges (17–19). Chemical approaches (e.g., 

cationic lipids, cationic polymers, and nanoparticles) and physical methods (e.g., gene gun, 

electroporation) are being used for non-viral gene delivery.  Cationic liposomes have received the 

most attention (20–22). Overall, virosomes protect pharmaceutically active substances from 

proteolytic degradation and low pH within endosomes, allowing them to reach the cytoplasm intact. 
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This is a significant advantage of virosomal carrier systems over other drug-delivery vehicles, such 

as liposomal and proteoliposomal carriers (23). 

 

 
Fig. 1 Schematic structure of virus 

 

 
Fig. 2 Schematic structure of virosome 

 

 
Fig. 3 Schematic illustration on assembly of virosome 
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Structure of virosomes 

The influenza virus is frequently employed to manufacture virosomes and serves as the primary 

source of genetic material. Virosomes cannot multiply, unless in cases where pure fusion-active 

vesicles are present (24). Virosomes are composed of phospholipid bilayer vesicles, which can be 

either spherical or unilamellar. The surface is made up of membrane lipids and viral spike proteins. 

These vesicles typically have a mean diameter ranging from 120 to 180 nm. In the context of lipid 

composition, virosomes exhibit similar adaptability to liposomes. Furthermore, virosomes possess 

membrane proteins, which are either obtained from the virus itself or generated via recombinant 

technology (25). The virosome's outer surface exhibits a resemblance to an entire virus, featuring 

peplomer proteins that extend outward from the membrane (26,27). Virosomes are formed by 

various enveloped viruses, the most common of which is influenza. Purified influenza 

hemagglutinin and neuraminidase envelope proteins are incorporated into synthetic and natural 

viral lipids to form them. For fusion activity, the hemagglutinin (HA) membrane protein is required 

(Fig. 1) (Fig. 2). Virosomes made from the Hemagglutinating virus of Japan (HVJ) are made up of 

a phospholipid bilayer containing viral F proteins and HN protein. Respiratory Syncytial virus, 

Chikungunya virus, Cytomegalovirus, and Herpes Simplex virus are among the viruses used to 

generate virosomes (11,12,14,15,28). The Virosome mostly consists of Immune Stimulating 

Regenerate Influenza Virosomes (IRIVs), which are composed primarily of naturally occurring 

phosphatidylcholine (PC) and phospholipids (PL). Phosphatidylcholine is the primary constituent 

contributing to approximately 70% of the virosomes' structural composition. The remaining 30% 

of membrane constituents consist of envelope phospholipids that are produced by the virus and 

contain haemagglutinin (HA) and neuraminidase (NA) glycoproteins (29–32). Virosomes are 

essentially reconstructed hollow virus envelopes that lack genetic material, rendering them 

incapable of replicating like their original pathogenic counterparts (33). In contrast to liposomes, 

virosomes consist of functional glycoproteins hemagglutinin (HA) and neuraminidase (NA) that 

are incorporated into the viral membrane. The outstanding attributes of virosomes can be attributed, 

in part, to the presence of the immunologically active HA glycoprotein that is incorporated into 

their membrane. The haemagglutinin glycoprotein serves to maintain the uniformity and structural 

integrity of virosomes. Additionally, it significantly enhances the immune-stimulating capabilities 

of virosomal particles, distinguishing them from other proteoliposomal and liposomal delivery 

systems. The structure of HA primarily comprises two protein sections, HA1 and HA2, which are 

formed by the process of translational cleavage of HA. These two subunits are connected by a 

disulfide link (34). The HA2 component possesses an N-terminal fusion protein and is integrated 

within the virosomal membrane. At a pH of approximately 7, the HA1 subunit effectively 

constrains the HA2 subunit in a metastable state, even in its inactive state. This constraint is 

achieved through the regulation of fusion peptides by a complex network of hydrogen bonds. The 

conformational modification of the HA protein results in the exposure of hydrophobic areas in 

HA2, leading to the fusion of viral particles with the membrane of the target cell. This 

transformation occurs following a shift in pH from a neutral to an acidic environment. During the 

course of influenza virus infection, a fusion event occurs between the endosomal and viral 

membranes, resulting in the release of genetic material into the cytoplasm of the target cells. In an 

in vitro setting, when target cells are absent, hyaluronic acid (HA) often becomes deactivated in an 

acidic environment with a pH of approximately 5 and a temperature of 37°C. Consequently, its 

ability to induce fusion is diminished (35). The NA glycoprotein, which is also present on the 

virosomal surface, is a tetramer of an enzyme with four subunits that hydrophobically attaches to 

the membrane via a stem. The subunit head region contains the enzyme loci. Also, the activity of 

neuraminidase (NA) results in the cleavage of N-acetylneuraminic acid (NAM), commonly known 

as sialic acid, from its attached sugar residues(36). Virosomes have the potential to be improved 

for maximum medication inclusion or to provide the largest physiological effect by altering the 

composition or type of membrane lipids utilized. It is feasible to produce carriers for antisense 
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oligonucleotides or other genetic molecules by incorporating positively or negatively charged 

phospholipids into the membrane (Fig. 3).  

 

 
Fig. 4 Virosome-endowed adjuvant properties and functioning as a carrier 

 

A range of ligands, such as peptides, cytokines, and monoclonal antibodies (MAbs), have the 

potential to be integrated into the virosome structure. Additionally, it is seen on the surface of the 

virosome. The conjugation of tumor-specific monoclonal antibody fragments (Fab) with virosomes 

can facilitate targeted delivery of the carrier to specific tumor cells. 

 

 
Fig. 5 Schematic illustration of virosome 

 

Table. 1 First generation virosomes 

INDICATION PRODUCTS VACCINE COMPOSITION REFERENCE  

Seasonal Influenza Invivac ® Virosomes from 3 Influenza 

strains A(H1N1), A(H3N2)B 

(37,38) 

Seasonal Influenza  

Intranasal 

application 

Nasalflu® Virosomes from 3 Influenza 

strains A(H1N1), A(H3N2), B & 

HLT Adjuvant 

(39) 

Hepatitis A Child Epaxal ® Junior A(H1N1) virosomes & 

inactivated Hepatitis A virus 

(40) 

Seasonal Influenza  

All age groups 

Inflexal ® Virosomes from 3 Influenza 

strains A(H1N1), A(H3N3), B 

(41) 

Hepatitis A Adult Epaxal ® A(H1N1) virosomes & 

inactivated Hepatitis A virus 

(42) 
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Table. 2 Second-generation virosomes 

DISEA

SE  

TARGET EFFECTOR ADMINISTRATIO

N ROUTE  

ANTIGEN 

CONFIGURATIO

N 

RE

F 

HIV Gp41 antibody Intramuscular prime 

& intranasal boost 

1Peptide membrane-

anchored 

(43) 

malaria Plasmodium 

falciparum 

AMA-1 & CSP 

antibody 

Intramuscular 2Peptide membrane-

anchored 

(44) 

Breast 

cancer 

her-2/neu Antibody  Intramuscular 3Peptide membrane-

anchored 

(45) 

 

Fusion activity 

Because influenza HA is present in the membranes of virosomes, they have unusual fusion 

properties. HA not only gives virosomal formulations structural stability and consistency, but it 

also aids virosome fusion. Virosomal HA improves receptor-mediated endocytosis by adhering to 

the target cell surface. The acidic environment of the endosome causes HA-mediated membrane 

fusion, allowing the therapeutically active chemical to escape from the endosome and enter the 

target cell's cytoplasm. 

As a result, virosomal HA significantly improves cytosolic delivery. Endosome virosomes protect 

pharmaceutically active substances from proteolytic degradation and low pH before they reach the 

cytoplasm. This is an advantage of the virosomal carrier system over liposomal and 

proteoliposomal carriers, which provide less protection for therapeutic macromolecules in hostile 

compartmental microenvironments (46). 

 

Virosome-cell interaction 

Virosome development replicates in vivo contaminated express, allowing resistance players and 

macromolecule organisation to specific action regions. Virosomes, such as flu virosomes, attach to 

the same receptors as viruses and are used to deliver nano-sized proteins, corrosive nucleic acids, 

or medication particles to the targeted action site. This connection has been used to treat a variety 

of illnesses, including parasite infections, viral infections, neurological disorders, and metabolic 

problems. Flu virosomes have been used to create vaccines against RSV and to establish epitopic 

B-cell sites, which are especially effective against intestinal disease. The use of virosome 

architecture also helps to keep a strategic distance between immunisation doses in a variety of 

disorders (47). 

 

Comparison of virosomes with liposomes 

Liposomes are well known as vehicles for targeted biomolecule delivery to living cells in vitro and 

in vivo, but they fail to deliver encapsulated molecules in host cell cytosol. This is due to their 

inability to fuse with host cells. Virosomes, on the other hand, are endowed with functional 

glycoproteins of viral origin that have membrane-fusion and receptor-mediated binding properties, 

allowing for optimal delivery of required molecules within host cells' cytosol. Nakamura et al. 

discovered that HVJ-virosomes delivered oligonucleotides intracellularly with up to three times the 

efficiency of cationic liposomes (48). Apart from providing binding and fusion properties to 

virosomes, the presence of influenza HA inside the influenza virosomal membrane provides 

structural stability and homogeneity to virosomal formulations. Low pH inside host cell endosomes 

accelerates HA-mediated cell fusion, where the molecule packed inside the virosome membrane is 

released from the endosome microenvironment into the cytosol of the target cell, enhancing 

cytosolic delivery. This is one of the benefits of using virosomal technology over liposomal 

systems, which provide little protection for therapeutic biomolecules from harsh 

microenvironments such as low pH and high acid content within organelles (32). Virosomes can 



ISSN NO: 2230-5807 

A Journal for New Zealand Herpetology 

BioGecko                                                                Vol 12 Issue 01 2023 

 
 

 

  
  1297 

also stimulate the host immune system with their immunogenic properties, acting as an adjuvant as 

well as a carrier to deliver antigens. Furthermore, unlike liposomes, virosomes are not rapidly 

cleared by the body's reticuloendothelial system (49).  

 

Rationale and optimization of virosomes 

Poorly water-soluble drugs are dissolved: diazepam, vitamin A, and dexamethasone palmitate. 

Cytotoxic agents are delivered to specific organs. Dexamethasone palmitate, barbiturates, and 

physostigmine salicylate have the potential for sustained-release dosage forms (50). 

To increase the duration of virosome circulation after systemic delivery, hydrophilic polymers [such 

as poly acryloyl morpholine, polyethylene glycol, polyvinylpyrrolidone, and poly (2- oxazoline)] 

may be inserted into the envelope. Furthermore, targeting molecules (such as antibodies) can be 

linked to these hydrophilic polymers and delivered into the virosome membrane to allow for target 

selection (51). 

 

Types of virosomes 

Several types of virosomes can be produced depending on the viral envelope like Influenza 

Virosomes, Sendai Virosomes, HBV Virosomes, HIV Virosomes, and NDV Virosomes. 

 

Influenza virosomes 

They are the most commonly used virosomes and are derived from influenza viruses, which are 

members of the Orthomyxoviridae family (52). Influenza viruses have eight segmented single-

stranded RNA genomes encased in a viral envelope(53). The viral envelope's outer surface contains 

two types of membrane proteins: hemagglutinin (HA) and neuraminidase (NA). HA is made up of 

two polypeptides, HA1 and HA2. HA1 is in charge of binding with sialic acid on the surface of a 

host cell, resulting in host cell-viral particle attachment(54). The HA2 polypeptide promotes 

endosomal membrane fusion to the membrane of virosomes cannot take place in neutral 

environments and is only achieved via a conformational change in acidic conditions. Fortunately, 

endosomes offer the necessary acidic environment (55)(Fig. 5). 

 

 
Fig. 6 Schematic influenza virosome 

Sendai Virosomes 

They are members of the Paramyxoviridae family and are derived from the Hemagglutinating virus 

of Japanese (HVJ) or Sendai virus. HVJ have single-stranded RNA genomes that are enveloped 

(56). The membrane glycoproteins hemagglutinin-neuraminidase (HN) with fusion protein (F) 

make up the external surface. HN glycoprotein is in charge of binding with sialic acid thereby 
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adhering to the surface of a host cell, whereas F allows for a fusion of membranes between the host 

cell and viral particle (57). They are derived from the Hepatitis B virus and Ortho hepadnaviridae 

family members. HBV is a virus with an envelope and a partially double-stranded DNA genome. 

The envelope's external surface contains three surface proteins: small (S), medium (M), and large 

(L). However, L protein can be purified by ultracentrifugation and used as a safe vehicle for drug 

delivery systems with high in vivo and in vitro targeting specificity to human hepatocytes (58).  

 

 
Fig. 7 The working mechanism of hvj derived virosomes 

 

HIV Virosomes 

They can be acquired from the virus that causes HIV infection as well as members of the 

Retroviridae family. HIV is made up of two congruent single-stranded RNA genomes that are 

encased in an envelope. Gp120 and gp41 are envelop glycoproteins found on the external surface. 

Additionally, p17 and p24 are matrix and core proteins, respectively. Following the purification 

and centrifugation processes, virosomes with enveloped glycoprotein (gp120 and gp41) and p17 

matrix protein were obtained (12). 

 

NDV Virosomes 

They are derived from the Newcastle's disease virus (NDV) and belong to the Paramyxoviridae 

family. NDV has a single-stranded RNA genome and a viral nucleocapsid wrapped in an envelope. 

Similar to the Sendai virus, the viral envelope's external surface includes two membrane proteins, 

hemagglutinin-neuraminidase (HN) and a fusion protein (F). HN protein is responsible for binding 

with sialic acid and thus aiding in host cell attachment. F protein is in charge of fusion with the 

targeted cell (59). 

 

Table. 3 Different types of virosomes 

S. 

NO.  

VIROSOMES PATENT 

VIRUS  

FAMILY  VIRAL 

GLYCOPROTEIN  

REF 

1 Influenza 

Virosomes 

Influenza Orthomyxoviridae HA, NA (60,61) 

2 Sendai 

Virosomes 

Sendai or 

HVJ 

Paramyxoviridae HN, (62) 

3 HBV Virosomes HBV Orthohepadnaviridae S, M, (63) 

4 HIV Virosomes HIV Retroviridae gp120, gp41, p17 (64) 

5 NDV Virosomes NDV Paramyxoviridae HN,F (65) 
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Fig. 8 Structure of hepatoviral 

 

Preparation of virosome 

selection of virus 

Virosomes are viral envelopes that have been reconstituted from various viruses. The subject of 

discussion is the influenza virus. The envelope is primarily utilised for the production of virosomes. 

However, it is worth noting that virosomes can also be derived from the Sendai virus. The Sindbis 

virus, Epstein-Barr virus, and Friend murine leukaemia virus are three examples of viral pathogens. 

The topic of discussion is the virus known as herpes simplex virus (66). 

 

Selection of antigen 

The selection of antigens is based on our specific requirements. Antigens, such as bacteria, 

parasites, carcinogenic cells, or whole cells, are utilised in the context of immunology. Cell 

components such as RNA, DNA, or plasmid may also serve as antigens (67). 

 

Reconstituted of virosome 

Virosomes were dissolved in detergents such as (octaglucoside, nonidert p-40). Because of 

detergent solubilization, genetic material and internal viral protein will sediment after detergent is 

removed from supernatant using various methods such as hydrophobic resins and dialysis. The 

development viral matrix protein and nuclei capsid are removed using ultracentrifugation. Antigen 

that has been linked to a lipid anchor is combined with a surfactant or polymer solution. This 

solution is achieved through the process of virosome mover antigen bound virosome (68). 
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Fig. 9 Preparation method for virosomes 

 

Challenges in the preparation of virosomes 

The selection of the glycoprotein on the viral envelope, which controls the virosomes' fusion 

activity and receptor selectivity. Although influenza viruses are most frequently used, other viruses 

have also been employed, including the Sendai virus, the Semliki Forest virus, the vesicular 

stomatitis virus, and the Sindbis virus. The encapsulated bioactive substance and the membrane 

lipids should be compatible with the glycoprotein of the viral envelope(10). The process used to 

incorporate the bioactive material into the virosomes, which may have an impact on the material's 

release, stability, and effectiveness. Several techniques exist for incorporation, including reverse-

phase evaporation, co-solubilization, co-lyophilization, freeze-thawing, and dehydration-

rehydration. Every technique has benefits and drawbacks that vary based on the type and quantity 

of the bioactive substance (69). The virosomes' purification and characterisation, which might be 

difficult because of the complexity and heterogeneity of the virosomal preparations. The methods 

used for purification and characterisation should guarantee the elimination of impurities, the 

maintenance of the virosomes' structural and functional integrity, and the identification of their 

physicochemical and biological characteristics. Several techniques are employed, including 

dynamic light scattering, gel electrophoresis, density-gradient centrifugation, size-exclusion 

chromatography, electron microscopy, and fluorescence spectroscopy (70). The immune system's 

reaction to virosomes, which may lead to a drop in virosome levels in the bloodstream and a 

decrease in delivery effectiveness. Nevertheless, the induction of a preventive or therapeutic 

response against the virus or the bioactive substance can also benefit from the immune response. 

The selection of the viral envelope glycoprotein, the dosage and mode of delivery, and the inclusion 

of adjuvants or immunomodulators can all affect the immune response (71). 

 

Characterization of virosomes  

Protein Detection 

Virosome preparation typically yields a relatively uniform protein-to-lipid ratio. SDS-PAGE 

(Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis) can be used to confirm the 

presence of Haemagglutinin (HA) protein in virosomes. 

 Structure and Size 

A negative stain microscopy with electrons must be used to detect the size and ultrastructure of 

virosomes. To avoid acid-induced conformational changes in Haemagglutinin (HA), the staining 

solutions should preferably have a neutral pH (46)(72). 

 

Fusion Activity 

Virosome generally exhibits the pH dependent film assembly movement of a negative influenza 

virus. Virosomal fusion with organic or artificial target film is frequently assessed in vitro with an 
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excimer measure based on pyrene-labeled lipids, where a decrease in surface thickness of the 

pyrene-phosphatidylcholine label on mixture with an unlabeled membrane corresponds to a 

decrease in excimer fluorescence of fusion activity. It can also be passively checked by measuring 

haemolytic activity, which is closely related to fusion activities and has the same pH dependence 

as fusion (73). 

 

Modification of virosomes 

The activity of virosomes can be improved by incorporating hydrophilic polymers such as 

polyethylene glycol, polyacrylmorpholine, polyvinylpyrroliodone, and poly(2-oxazoline) into the 

viral envelope, which results in a longer time of circulation after systemic administration (52). 

Virosomes can be customised by incorporating different ligands on their surface, such as cytokines, 

peptides, and monoclonal antibodies, for specific targeted delivery of the incorporated drug (1). 

Virosomes can clearly target cancer cells that have specific siRNA. This was accomplished by 

presenting HER2 (human epidermal growth factor 2, a protein that causes breast cancer cells to 

grow) affibody molecules on customised virosomes (74). 

 

Virosome uptake by cells 

This includes the binding of virosomes to cell receptors via HA, which are a film glycoprotein or 

glycolipid with a terminal sialic corrosive. If specific virosomes are found, Fab sections are linked 

to the virosomal surface via a cross-linker with a spacer arm. Specific virosomes will also detect 

antigenic structures on the target cell surface, resulting in a connection to target cells via two 

distinct restricting components. As a result, specific virosomes use selectivity for different cell 

types (75). 

 

Penetration  

Following virosome penetration, virosomes enter the cell via receptor-mediated endocytosis. The 

virosomes are caught in endosomes as a result of the acidic combination of the virosomal film and 

the endosomal layer. The viral spike glycoprotein hemagglutinin (HA) intervenes in the 

combination. The layer combination response in the endosome liberates virosomes from their lipid 

envelope and allows embodied medications to enter the cytosol (76). 

 

Functions by the Carrier 

The incorporation of the antigen into the higher structures of the virosomes molecule balances out 

the antigens, protects the local status of B cell epitopes, and protects the antigens from degradation. 

Furthermore, presenting the antigen as a monotonous surface structure improves its recognition by 

counteracting agent producing B cells (77). 

 

Memory Support 

The proximity of flu-inferred hemagglutinin (HA) causes a memory reaction because the majority 

of people have a level of common, prior susceptibility to flu. This includes both humeral and cell 

invulnerability: previous flu-specific antibodies proficiently tag virosomes for rapid take-up and 

handling by antigen introducing cells (APC). Memory T partner cells rapidly multiply and release 

cytokines to aid and upgrade Antigen delivery to specific targets and immune response 

amplification (78). 
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Fig. 10 Multifunctionality of virosome 

 

Mechanism of action of virosomes 

Virosomes act as carriers and adjuvants with distinct functions for inducing immune responses, 

with the carrier function involving the embedding of viruses. positive antigens into virosome 

particles. The effect of antigen integration on the stability of the antigen on the surface of virosomes 

replicates the original pathogen and generates the antibodies. Surface antigen induction immunises. 

The creation of B cells in such a complex form is the main focus for targeting immune cells, this is 

important for the induction of immunity (79). 

Adjuvant function refers to the stimulation of immune properties of virosomes and immune system 

components without causing nonspecific inflammation. Adjuvant function depends on the presence 

of pre-existing haemagglutinin antibodies against influenza. Binding to virosomes results in rapid 

uptake and processing by antigen-presenting cells (APC). The size and surface of virosomes, which 

are crucial for initiating immune response, is one of the factors which render virosomal particle 

attractive target for uptake and processing by immune cell. APC activates pre-existing influenza-

specific helper T cells, which proliferate and secrete cytokines to stimulate immune cells (80). 

 

Route of administration of virosome 

When the desired bioactive drug is delivered to the targeted cell via a different route, the first step 

is virosome binding to the host cell via the HA1 glycoprotein to the terminal salic acid cell receptor. 

Furthermore, virosomes surface with fragments of Fab (Fragment antigen-binding) that are cross-

linked with spacer arms for efficient binding. Aside from that, some virosomes recognise antigenic 

receptors on the surface of targeted cells, resulting in two distinct binding processes to the targeted 

cell. 

As a result, different virosomes have different selectivity for different types of targeted cells. 

After that, penetration will take place via receptor-mediated endocytosis. After virosomes bind to 

the surface of the host membrane, they become entrapped inside endosomes. The viral glycoprotein 

HA2 aids virosome fusion with the endosomal virosomal membrane. 

However, this fusion will take place in an acidic environment provided by endosomes. This fusion 

causes the release of bioactive drugs from the virosome's lipid bilayer, allowing the bioactive drug 

to enter the cytoplasm of the targeted cell (79). 
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Table.4 Marketed instances of various virosomal vaccines 

NAME OF 

THE 

VACCINES  

INDICATIO

NS 

MANUFA

CTURER  

TYPES OF 

ANITIGEN 

STAGES OF 

DEVELOPME

NT  

REF 

NasalFlu® Nasal flu Berna 

biologics  

Flu virus antigen 

coadministered with 

E.coli heat labile 

enterotoxins (LT) 

Marketed in 

Switzerland 

(81,8

2) 

Epaxal™ Hepatitis A Berna 

biologics 

Aluminum free 

Hepatitis A virus 

vaccine 

Marketed in 

Switzerland, 

South American, 

Asian countries 

(83) 

Gardasil® HPV Cervical 

cancer 

Merck & Co Self-assembled 

particles of human 

papillon virus 

(HPV) 

Developed and 

marketed 

(84) 

Recombivax

E ngerix-B 

Hepatitis B Merck & co. 

GlaxoSmith

Kline 

recombinant 

Hepatitis B virus 

(HBV) 

Developed and 

marketed 

(85) 

Inflexal® V Influenza Berna 

biologics 

Subunits virosomal 

influenza vaccine 

Switzerland (86) 

 

Evaluation parameters 

Protein detection, surface charge detection, lamelarity determination, free drug content calculation, 

drug release, pyrogenicity detection, surface chemical analysis, and percentage of free medication 

were all used in the study to detect virosomes. Sodium dodecyl sulphate polyacrylamide gel 

electrophoresis was used to detect protein, free gel electrophoresis was used to determine surface 

charge, and photo correlation spectroscopy, transmission electron microscopy, dynamic light 

scattering, gel permeation, and gel exclusion techniques were used to determine lipid content. Static 

secondary ion mass spectroscopy was used for surface chemical analysis (24). 

 

Applications 

To survive, viruses engage in intracellular parasitism, and a medicine delivery system based on the 

viral model of cell disease is developed. Virosomes can be used to consolidate various types of 

medication particles because they are biocompatible and biodegradable. Hydrophobic drugs can 

pass through the lipid bilayer, whereas hydrophilic drugs form focal lacunae. Virosomes can be 

linked to an immune response to ensure that beneficial operators reach the right place at the right 

time. Antibodies bind to specific cell receptors, allowing medication atoms to reach their targets. 

Medication, nucleic acids, and proteins have been found to be transported through viral 

chromosomes by hepatocytes, erythrocytes, safe cells, and glioma cells. The FDA has approved a 

number of virosome-based products for human use. Surface glycoproteins from infections such as 

influenza, hepatitis, and vesicular stomatitis have been successfully combined in various antibody 

and medication delivery systems. Virosome-based sedate delivery is more efficient, safer, and 

practical than competing technologies (6). 

 

Immuno-potentiating Agents 

Virosomes are antigen and medicine delivery vehicles that interact with cellular receptors to target 

specific cell types. Antigen-presenting cells that detect, uptake, and represent the antigen 



ISSN NO: 2230-5807 

A Journal for New Zealand Herpetology 

BioGecko                                                                Vol 12 Issue 01 2023 

 
 

 

  
  1304 

incorporated into the virosome activate the immune system. Both cytotoxic and helper T-cell 

responses are elicited by viral genomes. Virosomes can also serve as adjuvants, directing the 

immune response to a specific antigen. For immunological benefits, they can attract dendritic cells 

and other antigen presentation cells. Virosomes deliver antigens to the immune system in a 

continuous and sustained manner, focusing the immune response on a single antigen. The 

combination of antigen and adjuvant administration can boost immune protection against a variety 

of diseases (87). 

 

Drug delivery 

Virosomes are utilised for transferring bioactive medicinal molecules into cells, including nucleic 

acids or genes. They are capable of being coated in the liquid interior or the lipid membrane, making 

entry into cells easier. Typically, the bioactive chemical is added to a lipid-HA-containing solution 

or placed in a liposome, which is then paired with a virosome having two HAs with different pH 

thresholds to form a virosome-liposome hybrid. Proteins can also be delivered via virosomes, as 

evidenced by the effective transfer of gelonin subunits A and ovalbumin from diphtheria toxin, as 

well as influenza nucleoprotein peptides (9). 

 

Targeted Delivery 

A system for drug delivery is critical for safely and quickly releasing healthcare professionals to 

the target site. Changes in medication properties can result in new synthetic components, in vivo 

discharge patterns, or physical structure changes. Virosomes can encapsulate various natural 

medications, delivering drug atoms that are hydrophilic or hydrophobic to specific tissues. They 

dissolve and degrade inside the cell, delivering medication particles to their intended site of action. 

Virosomes can also represent different types of genetic material that can be used for both 

preventative and therapeutic purposes. The lipid bilayer of virosomes protects them from DNA and 

RNA damaging proteins, and viral glycoproteins aid in the formation of films after cell type 

identification. Following delivery, the genetic material can be used to construct encoded features 

(88,89). 

 

Cancer treatment 

Virosomes have also been used in oncology to carry peptides corresponding to tumour associated 

antigens, such as peptides from parathyroid hormone related proteins or recombinant proteins such 

as her -2 neu Fab combined the anti-proliferate properties of monoclonal antibodies and the 

cyototoxic effect of doxorubicin in vivo (70). 

 

Recent progress on virosome-based vaccines for sars-cov-2 

The Coronavirus Disease (COVID-19) pandemic that caused the Severe Acute Respiratory 

Syndrome Coronavirus 2(SARS-CoV-2) outbreak originated in Wuhan, China, in December 2019, 

but several studies predicted the first signs of disease in February 2019 (90). More than 62 million 

cases have been reported in 210 countries since the last report on December 5, 2020, with 1,480,000 

deaths. SARS-CoV-2 is an enveloped spherical particle with a diameter of 60-150 nm and a 

glycoprotein coating of club-shaped spikes. About 20 nm in length. It is a member of the 

Betacoronavirus genus. Coronaviridae is a virus family. SARS-CoV-2 has a large positive-strand. 

Ribonucleic Acid (RNA) genome with a length of 3 k nucleotides (91). The low proofreading 

efficiency of viral RNA polymerases results in a high mutation rate. As a result, RNA viruses are 

prone to developing drug resistance and evading immune surveillance. Currently, a variant strain 

of SARS-CoV-2 was recently identified, and recent research has revealed more than 40 kinds of 

them that transmit pattern and clinical symptoms. Each region's version has been localised. All of 

the foregoing, as well as the development of a suitable COVID 19 vaccine, remain critical 

challenges. 
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The coronaviral genome contains structural proteins crucial for infectious virions and disease 

severity. CoV S protein, E protein, and hem agglutinin-esterase protein (HE) are key components 

in receptor binding, virus-host cell fusion, and vaccine design. Virosome particles are a promising 

vehicle for SARS-CoV2 vaccine development, with the Transvac 2 project underway by the 

European MI Matrix Company (4,92). Recent research indicates that SARS-CoV E protein and 

hem agglutinin-esterase protein (HE) can be therapeutic targets. SARS-CoV2 surface antigens and 

phospholipids can be used to make virosome vaccines. Virosome particles are a promising vehicle 

for the development of SARS-CoV2 vaccines. The European MI Matrix Company is working on 

the Transvac 2 project, which is a virosomal-based vaccine. Furthermore, SARS-CoV is primarily 

composed of basic amino acid residues, which promote virus membrane fusion via electrostatic 

attraction with heparan sulphate proteoglycans found on the surface of target cells. 

SARS-CoV enters the target cell via the endosome, and the low pH-dependent mechanism is 

required for cytoplasmic infection. 

Coronavirus replication occurs in the cytoplasm, where viral RNA is synthesised in a flask-shaped 

compartment surrounded by a double membrane. These modifications include the formation of 

double-membrane vesicles, nucleocapsid inclusions, and cytoplasmic granulations (93,94). 

 

Regulations for virosome-based nano vaccines 

The development of virosome-based vaccines with long-term stability at ambient temperature is 

highly desirable, and this is the primary goal of the MACIVIVA project. Quality by Design (QbD) 

must eventually be established based on regulatory agencies such as the European Medicines 

Agency (EMA), the US Food and Drug Administration (FDA), the International Council for 

Harmonisation (ICH), and other valid regulatory organizations. In the healthcare manufacturing 

context, QbD refers to a high-quality vaccine formulation that includes active ingredients, 

excipients, and other ingredients. QbD is primarily determined by the concepts of critical quality 

attributes (CQAs) and quality target product profile (QTPP). 

Critical quality attributes are primarily concerned with the optimization of size, polydispersity 

index (PDI), shape, stability, Z-potential, the surface-to-volume ratio, morphology, surface 

decoration, structural organization, stimuli responsiveness, and thermodynamic properties, all of 

which are critical to ensuring the safety and efficacy of the nanoformulation. Standard laboratory 

equipment, for example, must be used to assess virosome size and concentration (95). 

Furthermore, virosome-based vaccine formulations must be repeatable, cost-effective, and high in 

output. The interaction of the CQAs parameter with the needs of the patients must then be 

evaluated. The QTPP was established by the vaccine's performance, indication, and administration 

mode. Furthermore, the international regulatory of WHO guidelines should include clinical 

evaluation of vaccines (95). All of the manufacturing aspects of the nanovaccine must be precisely 

evaluated. In the production of nasal spray vaccine dosage forms, for example, sterilization is not 

required, and microbial content control is sufficient. Vaccine storage conditions must be precisely 

controlled based on vaccine components. Freeze exposure, for example, destroys vaccines 

containing aluminium salt. Vaccine packages should include temperature labelling, shipping 

standards, and International Air Transport Association (IATA) time. Finally, nanovaccine 

production should be classified and packaged in accordance with World Health Organisation 

(WHO) Guidelines for international vaccine packaging and shipping (96).  

 

 

Stimulation of cellular immunity using virosomal technique 

Virosomes are an innovative vaccine technology that can be used to boost cellular immunity. They 

are reconstituted viral envelopes that can be used as vaccines as well as vehicles for macromolecule 

delivery to cells (97). Vaccination based on virosomes is currently approved in over 40 countries, 

including for the elderly and infants. Virosomes are biocompatible, biodegradable, nontoxic, and 
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non-autoimmunogenic, and various attempts have been made to use them as vaccines or adjuvants, 

as well as drug, nucleic acid, or gene delivery systems for therapeutic purposes. The fully functional 

fusion activity of virosomes containing the HA protein allows for receptor-mediated antigen uptake 

and natural intracellular processing, eliciting both humoral and cellular immune responses. In mice, 

a polyvalent virosomal influenza vaccine elicited broad cellular and humoral immune responses. 

Electrical stimulation can also be used to modulate the immune system, resulting in the production 

of immune cytokines and agents in the patient's body, or to increase the cellular uptake of these 

immune agents via electroporation (98,99). 

In general, cytotoxic T lymphocytes (CTLs) are responsible for the neutralisation of virus-infested 

cells and thus for the prevention and cure of viral infection. In humans, CTLs specific to the 

influenza virus are primarily triggered by epitopes originating from proteins present within the 

virus, such as matrix proteins and nucleoproteins, whereas immunodominant epitopes are primarily 

manifested on the nucleoprotein in mice (100). Traditional vaccinations do not stimulate CTL 

action, resulting in less effective antigen carriers to the APC. Subunit vaccines lack CTL antigens 

such as nucleoprotein and matrix protein. Virosomal carriers can deliver Antigens directly to the 

cytosol, increasing CTL activity and antibody responses. Helper T cells are essential for activating 

B cells and changing antibody classes. They are also required for the growth of B cells and antibody 

class switching (49). 

Furthermore, helper T cells boost cytokine production, which allows CTLs to develop. As a result, 

vaccines must be capable of inducing strong helper-T cell responses, which is often overlooked. 

Influenza infection typically induces a helper-T cell-mediated immune response, which is 

characterised by the secretion of Interferon (IFN) as the primary cytokine. This type of helper-T 

cell reaction promotes the biosynthesis of antibodies of the IgG2a subclass in mice and the IgG1 

subclass in humans, as well as the development of CTLs. 

 

Clinical status from lab to bedside 

Over the last two decades, a significant number of clinical involvements with influenza vaccine in 

general and influenza virosomes have been gathered. Crucell's Epaxal, a hepatitis A vaccine, was 

the first commercially approved vaccine based on virosomes (101). In summary, Epaxal was made 

up of pathologically inactivated hepatitis A virus adsorbed onto the surface of a pre-made influenza 

virosome (102). Various clinical studies have shown that hepatitis A virus vaccines based on 

virosomes have nearly equal immunogenicity, significant local tolerance, and the ability to create 

long-term memory based on B cells when compared to alum adjuvanted products (103). Influenza 

vaccines are reminiscent of influenza virosomes in that the antigen is virus envelope proteins. 

Immunogenic effects such as increased Cluster of Differentiation 4 (CD4) and Helper-T 

lymphocytes are excluded from adjuvant properties. Virosomal carriers distinguish influenza 

vaccines from conventional subunit vaccines, but they do not contain any additional 

immunostimulatory constituents. Inflexal V is the only adjuvanted influenza vaccine that is 

appropriate for all age groups and produces a significant immune response in both 

immunocompromised and healthy children, adults, and the elderly (86). Nasal Flu, an influenza 

vaccine administered via intranasal route, contains the same virosomes as Inflexal V and is also 

adjuvanted with E. coli (mucosal adjuvant). It was withdrawn shortly after its release due to 

increased occurrences of Bell's palsy in immunised individuals (104). These adverse events were 

most likely caused by heat-labile toxins (HLT), as evidenced by identical findings in clinical trials 

with non-virosomal influenza vaccines adjuvanted with HLT and administered intranasally (105). 

Invivac, a virosome-based trivalent seasonal influenza vaccine for intramuscular administration 

introduced by Solvay Pharmaceuticals in 2004, is only available commercially for one season 

(106). 

 

2. Conclusion  
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Virosome is an FDA-approved nanocarrier for pharmaceutical applications that provides high 

safety and versatility in vaccine development. It can be used in a variety of ways and in conjunction 

with other adjuvants. Virosome-based vaccines have been launched, and numerous products are 

currently in preclinical and clinical stages. Virosome induces powerful immune responses against 

potentially fatal viral diseases, and its adaptability allows for the development of multi-antigen 

epitopes versus all RNA virus strains. Rapid disintegration, on the other hand, is a significant 

disadvantage, and a thermostable virosome-based vaccine could revolutionize vaccination patterns 

in developing countries. Vaccine development is utilizing virosomes because of their capacity to 

deliver encapsulated antigens directly into host cells and enhance immune responses without 

inducing adverse effects. A wide range of bioactive molecules, including proteins, peptides, 

plasmids, genes, oligonucleotides, and drugs, are also transported via these nanocarriers in a 

targeted fashion. They can be given intranasally, intramuscularly, or intradermally and stimulate 

both humoral and cell-mediated immunity. Antigens can be delivered to the host body via a variety 

of routes, including intranasal, intradermal, and intramuscular. They can also transport cancer-

fighting medications and immunomodulatory substances. Antigens and atoms such as proteins, 

peptides, plasmids, oligonucleotides, and medications can be transferred to cells by influenza 

virosomes. Their adaptability allows for a variety of vaccine delivery applications. The influenza 

virus-derived model is being considered for the development of a new generation of vaccines, 

providing pharmaceutical researchers with a new avenue to pursue. However, efforts must be made 

to develop long-term, cost-effective, safe, and high-clinical-output virosome modules. 
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