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Abstract 

Introduction: Human respiratory syncytial virus (RSV) is a common respiratory virus 

that causes severe lower respiratory tract infection in infants, children and aged adults. 

Currently, there is no active prophylaxis present in the market for RSV infection; 

however, there are over a dozen compounds being tested in the laboratory as well as 

clinical trials. To increase the efficiency and safety of these therapeutics, there is a need 

for delivery vehicles.  

Areas covered: Liposomes can be used for delivering anti-RSV agents with the advantage 

of modulating and eliciting the desired adjuvant effect by the different combination of 

lipids. This review discusses the promising application of liposome for anti-RSV 

therapeutics. 

Expert opinion: Liposomes are attracting attention for delivery of pulmonary 

therapeutics, since they offer compatibility for delivering drugs, vaccines and other 

therapeutic molecules. Variation in liposome size and composition gives flexibility for 

the amount and number of deliverables, whilst targeted delivery with the capability for 

immunomodulation makes liposomes a promising candidate for RSV therapeutic 

applications.  
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1.0 Introduction 

An attentive basis of the respiratory tract infections such as bronchitis and pneumonia 

is generally respiratory syncytial virus (RSV). Worldwide, RSV is the leading cause of 



acute lower respiratory tract (LRTI) infections [1]. It is a negative sense ssRNA virus, 

which belongs to the order Mononegavirales and Pneumoviridae family. The transmission 

of RSV is primarily through air droplets from infected individuals or indirectly through 

fomites [2]. RSV infection is conspicuous during winter on populations including all age 

groups from fetus and infants [3] to older adults [4]. For the year 2015, the globally 

estimated incidents of RSV associated LTRI in children below 5 years was about 33.1 

million, which resulted in 3.2 million hospitalizations and 59600 in-hospital mortalities 

[5]. 

Moreover, 45% of hospitalization and in-hospital deaths of children below the age of 

6 months is caused by RSV associated LTRI, with RSV frequently the basis of respiratory 

tract infections such as bronchitis and pneumonia [5]. In the USA, thousands of 

hospitalizations and over 2 million hospital visits were recorded between the years 2014-

2017 for RSV infections. 

Initially, the RSV invades nasopharyngeal epithelium causing mild upper respiratory 

tract infection (URTI) and may progress to potentially precarious LRTI by intracellular 

transmission, where most of RSV replication is dominant [6]. The infection causes severe 

bronchitis and respiratory discomfort like apnea.  Since the natural infection is not 

capable of educing life-long immunity, the individuals affected are prone to repeated 

RSV infection [7]. Furthermore, there is currently no vaccine available for prophylaxis 

and, whilst the broad-spectrum antiviral drug ribavirin is used for treatment, its clinical 

efficacy is variable. Although Palivizumab - a humanized monoclonal antibody against 

RSV – represents a helpful option to be prescribed for high-risk individuals, this comes 

at a high cost [8]. As such, the treatment for RSV is generally limited to supportive 

measures, including drugs to reduce the inflammation and antibiotics to reduce the risk 

of bacterial infections.  



Consequently, the need for prophylaxis and an effective treatment regime against RSV is 

imperative. Currently, there are approximately 20 anti-viral drugs, and over 12 vaccines 

are in clinical trials [9]. A common limitation in drug development is that therapeutics 

often suffer from early degradation or body clearance and may cause undesired effects 

such as toxicity. These issues can be resolved by encapsulating the therapeutic agents 

within nanocarriers, which protects the therapeutic agent from degradation and offers 

advantages of controlled release and effective delivery [10, 11, 12]. Several materials for 

nano-deliverables like chitosan, poly (lactic-co-glycolic) acid, polylactic acid and poly (2-

hydroxyethyl methacrylate) [13, 14]  have been explored against RSV. However, 

liposomes, which are widely used for drug delivery and have also been approved and 

marketed for human use, are yet to be fully exploited for RSV. The potential of liposomes 

as a carrier of active therapeutic agents was described decades ago [15, 16, 17], while 

liposomes have attracted much attention for their ability to carry antigens as well as 

immunomodulators [18]. They can express adjuvant action by enhanced antigen delivery 

or inducing innate immune responses [19]. Liposomes have been used widely for various 

diseases and disorders; some are in clinical trials,  while others have made the market 

[20]. This indicates the significance and promise of liposomes for drug delivery.  Here, 

we present the relevance and promise of liposome-based nanoparticulate systems for 

vaccines and drugs against RSV. 

1.1 Infection of the respiratory tract by RSV  

1.1.1. RSV life cycle 

RSV has a single-stranded 15,222 nt long RNA genome encoding 11 proteins including 2-

non-structural proteins (NS-1 and NA-2), 3-surface proteins (glycoprotein-G, fusion 

protein-F, and small hydrophobic protein-SH), two overlapping frames of M2 mRNA 

produce 2 distinct matrix proteins (M-1 and M-2) and 4 other structural proteins (matrix 

protein-M, nucleocapsid-N, phosphoprotein-P and large protein-L) (Figure 1) [6, 21]. The 



viral envelope of the RSV has three membrane proteins, namely G, F, and M (Figure 1).             

Figure 1 Structure of respiratory syncytial virus with a single-stranded RNA, surface as 

well as matrix proteins.  

A successful RSV life cycle is an interplay of viral and cellular components that eventually 

favors viral replication and establishment of infection (Figure 2). RSV infection initiates 

with the attachment of viral G protein to cellular proteins like CX3CR1 [22], surfactant 

protein A [23] , or annexin II [24]. The entry of virion particle into the cell is determined 

by the critical step of virion and cell membrane fusion carried out by RSV F protein. The 

nucleolin protein acts as a receptor for RSV F protein [25]. The trimeric F protein changes 

conformation, facilitated by six-helix bundles, to fuse the virus and cell membrane [26]. 

The F and G proteins are conserved and candidates for vaccine and drug development. 

The viral disassembly and release of RNA genome facilitates transcription of mRNA and 



translation of proteins; on the other hand, the anti-genome enables more viral RNA 

genome copies to be made. The viral proteins then assemble along with the genome in 

the cytoplasm or cell membrane to release new viral particles or filaments [27, 28]. 

 

Figure 2 Schematic representing lungs before the RSV infection (inset showing healthy 

bronchus) (A), cell level infection of the RSV (B), and the lungs post-RSV infection (inset 

showing constriction of bronchus) (C). Stage of cell level infection 1 (RSV in the body (1), 

attachment (2), fusion (3), RNA release (4), Translation (5a) and replication (5b) followed 

by the assembly (6), budding (7) and release of RSV (8). 

1.2. Therapeutics for RSV 

1.2.1. Current research on prophylaxis and treatment for RSV infection  

Considering published outcomes related to treatment, as well as the impact of RSV on 

global healthcare, a promising treatment or vaccine development remains a priority. The 

viral replication by itself is not as harmful as the inflammation due to the infection; the 

infection leads to a complex immune response and, therefore, developing vaccines has 

been a challenge.  The formalin-inactivated vaccine was launched in the 1960s and later 



withdrawn due to poor immunogenic response as well as atypical TH2-type response, 

increasing chances of reinfection with similar or deadly infections [29]. Attaining the 

balance between immunity and viral attenuation is very difficult. Therefore, developing 

a live attenuated vaccine for RSV is the primary goal for many researchers [30]. Clinical 

trials have demonstrated that intranasal administration of the vaccine restricts viral 

replication in infants after second dose [31].  There is more than half a dozen live 

attenuated vaccines under trial [31, 32, 33]. A live-attenuated vaccine cpts-248/404 was 

administered intranasally, tested in phase 1 trials [32]. In this trial, a total of 114 children, 

out of which few were <2-year-old infants were targeted. Unfortunately, the vaccine cpts-

248/404 was found infectious and was mostly immunogenic for the children above the 

age of 6 months [32]. 

The genome of RSV codes immunogenic proteins, which creates scope for DNA vaccines, 

subunit vaccines and nano vaccines [13]. These vaccines can be designed as carrier-based 

vaccines, through the use of nanoparticulate systems, such as liposomes, that can express 

adjuvant action by enhanced antigen delivery or inducing innate immune responses [19].  

On the other hand, for the treatment of RSV infection, the only approved product against 

RSV infection is ‘Palivizumab,’ which is a humanized monoclonal antibody targeting the 

RSV [34, 35]. The first line treatment of RSV infection is the use of bronchodilators, such 

as α and β adrenergic agonist [6]. For pediatrics, since corticosteroids are not approved 

for treating RSV infected individuals less than 1 year old due to safety concerns [36], the 

use of vaporub and non-aspirin formulations, such as paracetamol, are the treatments of 

choice prior to clinical attention. Of the very few options available for the treatment of 

RSV, ribavirin, a broad spectrum antiviral drug, is used, although this too comes with 

limitations and drawbacks [13]; despite several concept studies claiming effectiveness of 

ribavirin in significantly reducing the RSV load and minimizing disease severity, the 

disadvantages of mutagenicity, teratogenicity and carcinogenicity subsequently resulted 



in FDA denial [37]. However, along with just a couple of L-protein inhibitors, there are 

more than a dozen candidates found targeting RSV fusion protein (Table 1), out of which 

over 10 are under various phases of clinical trials [38].  Many of the fusion inhibitors 

encapsulated into liposomes are undergoing in-vitro studies [39, 40, 41]; very recent 

research demonstrated that liposomes can become a carrier for the anti-RSV fusion 

peptide [42]. 

Similarly, and mainly for the peptide, the liposomal delivery system could play a vital 

role in RSV vaccine design. A benzimidazole derivative JNJ-2408068 was reported to be 

a potent inhibitor of RSV, but due to the limited extrapulmonary distribution, the 

development was halted [43, 44]. In such cases, the candidates such as adjuvants could 

ease the distribution [45].  One of the adjuvants based RSV F vaccine is under phase 3 

clinical trials [46].   

However, one of the challenges in using liposomes as a delivery vehicle is overcoming 

the strong hydration forces acting on the bilayer when the bilayer comes at a distance less 

than 20 Å [47].  Hence, the fusion proteins, due to their characteristics, have become 

attractive to the researchers as they can be vital in one or all steps of delivery or fusion 

process. The possibility of using lipid in RSV vaccine design was patented in the late 90s 

[48]. The activity of the vaccine and vaccine composition can be enhanced using 

modulators like adjuvants, simple organic molecules and mechanical means, such as 

heating antigen [49]. Liposomes can be used as adjuvants [10, 18, 50]. Designing a protein 

based liposomal adjuvant vaccine could be an approach to attain maximum efficacy and 

low toxicity [51]. Based on the establishments in the protein-based liposomal adjuvant 

vaccine, protein and peptides ranging from 0.1 µg to 100 µg can be used in the vaccine 

designing; whereas the use of an excess carrier is recommended to achieve maximum 

payload [48]. 

 



Table 1 Research in prophylaxis or treatment against RSV infection. 

Drug Form  Target protein Stage of testing References 

FDA Approved  
Palivizumab Monoclonal antibody  F FDA approved  [52, 53] 
Clinical Trials  
Motavizumab Monoclonal antibody  F License application is withdrawn from FDA [54, 55] 

REGN2222 Monoclonal antibody  F Phase 3  [56] 
GS-5806 Fusion Inhibitor   F Phase 2 (completed) [57, 58] 
JNJ-2408068 Fusion Inhibitor  F Phase 2a [59] 
JNJ-678 Fusion Inhibitor  F Phase 2a [60] 
RV-521 Fusion Inhibitor  F Phase 2a [61, 62] 
AK-0529 Fusion Inhibitor  F Phase 2  [61, 63] 
BTA-C585 Fusion Inhibitor  F Clinical studies [64, 65] 
VP-14637 Fusion Inhibitor  F Phase 1  [59, 66] 
BTA9881 Fusion Inhibitor  F Phase 1  [65, 67, 68] 
PC786 L-Protein Inhibitor  L Phase 2 [56, 69]  
AZ-27 L-Protein Inhibitor  L Phase 2 [70] 
In-Vivo Studies 
RFI-614 Fusion Inhibitor  F African green monkeys, BALB/c mice, Cotton rats [71] 
TMC-353121 Fusion Inhibitor  F BALB/c mice, African Green Monkeys [68, 72, 73] 
RFI-641 Fusion Inhibitor  F African green monkeys, Cotton rats [71, 74, 75] 
CL387626 Fusion Inhibitor  F Cotton rats  [76, 77] 
In-Vitro Studies 
HRA-30a  Fusion Inhibitor  F HEp-2  [78] 
HR121 Fusion Inhibitor  F HEp-2 [79] 
HR212 Fusion Inhibitor  F HEp-2 [79] 
F478 -516 Fusion Inhibitor  F HEp-2 [80] 
RF-482 Fusion Inhibitor  F HEp-2 [42, 81] 
RF-491 Fusion Inhibitor  F HEp-2 [81] 
BMS-433771 Fusion Inhibitor  F HEp-2 [64, 82] 



1.3. Current non-liposomal delivery methods for RSV 

Different biomaterials and synthetic polymer based cargo delivery systems have been 

used for RSV therapeutics. Drug and vaccine delivery for RSV using these non-liposomal 

delivery methods have made attempts to improve the balance of delivery of cargo and 

safely elicit an immune response or inhibit the virus. The approach of using cargo itself 

is the delivery particulate system; a popular example of this is the virus-like particles 

(VLP), which have garnered tremendous interest among RSV vaccine development [83, 

84, 85, 86, 87]. Although this is not directly in the scope of this review, it is worth 

mentioning. Novel drug delivery systems (NDDS) have given new insight into the 

medical treatments due to their unique abilities to enhance therapeutic effect and reduce 

toxicity [88]. Size of the particles is responsible for the permeability, retention and 

immune response [89]. Hence, the nanoparticulate delivery systems are preferred by 

many researchers around the globe to achieve enhanced permeability and retention 

(EPR).  

These delivery methods can be broadly divided into metallic and non-metallic 

nanoparticles. A novel approach to inhibit RSV was the use of gold nanoparticles (GNPs). 

These GNPs can be functionalized with nucleic acid, antibodies, drugs, as well as with 

peptides, and these functionalized GNPs can then be applied in diagnosis or treatment 

[90]. Similar to the gold nanoparticles but different in shape are the gold nanorods. Gold 

nanorods can accumulate into the extracellular matrix (ECM), taken up by phagocytosis 

and trigger TLR signaling pathway [91]. After gold, silver is the metal that has been 

studied extensively by researchers for a variety of purposes. Silver nanoparticles 

conjugated with recombinant RSV fusion protein has also been reported to bring anti-

RSV effect [92].  

There are a variety of non-metallic materials that have been considered to produce 

particulate delivery systems. Cationic particles of chitosan are biocompatible, 



biodegradable and a proven vaccine carrier [13]. Enhanced delivery of RSV DNA vaccine 

was observed using chitosan nanoparticles when compared to naked DNA [93]. 

Composite chitosan gene delivery systems can be produced with the addition of 

polymers such as poly (2-hydroxyethyl methacrylate) [90] and alginate [94].  PLGA 

nanoparticles have also been used as a carrier of F-protein delivered intranasally and 

intra-gastrically [95]. Compared to the chitosan and PLGA particulate system, the silica-

based particulate system is less explored. Mesoporous silica is shown to have adjuvant-

like properties [96], low toxicity [96, 97] and can be given orally [96]. Lutz and colleagues 

have recently reported ‘nanogels’ as a biodegradable carrier of covalently linked 

imidazoquinoline (IMDQ) TLR7/8 agonist to treat RSV [98]. A carrier similar to the 

liposome used in the treatment of RSV is ‘niosome.’ Niosomal structures resemble 

liposomes, but are vesicles of non-ionic surfactants. Asthana and colleagues have used 

niosomes to encapsulate clarithromycin, which is a broad spectrum, second-generation 

macrolide antibiotic used in the treatment of respiratory tract infections [99]. Another 

type of particulate system called ‘dendrimer’, a structure of repeatedly branched 

molecules, has also been discovered to be beneficial in the treatment of RSV infection 

[100]. Similar to dendrimers, micro and nano particles can be prepared from multilayered 

amino acids; these particles can encapsulate anti-RSV proteins in their hollow-shell 

structure [101]. 

1.4 Why liposomes for RSV? 

Liposomes were first discovered by Bangham and colleagues and described as swollen 

phospholipid systems [102]. The application of liposomes in drug and vaccine delivery 

was first proposed by Gregoriadis [50]. Liposomes are composed of lipids, that when 

forced into an aqueous environment, align to form bilayered vesicles, which can be single 

or multi-lamellar and can be prepared in the range of approximately 50 nm to several 

microns (Figure 3). Liposomes for drug delivery have existed as marketed products for 



many years; brands like Ambisome®, DepoDur™, Depocyt®, Doxil®, Mepact® are a few 

examples. Now, liposomes are established suprastructures in vaccination [103]; Epaxal® 

and Inflexal® V for hepatitis A virus and Influenza virus [20], respectively, demonstrate 

the relevance of liposomes for therapeutics against viral pathogens. In spite of the 

establishment of liposomes as vaccine delivery systems, studies of promising liposomal 

vaccines against RSV are still under research. 

                           

Figure 3 Classification of liposomes based on their size. MLV = Multilamellar vesicle, 

LUV = Large unilamellar vesicle, SUV= Small unilamellar vesicle [104, 105]. 

The history of using liposomes for RSV vaccine systems has been fascinating; in the early 

90s, Connor and colleagues described that the recombinant vaccine with M-protein could 

challenge RSV by inducing CD8+T cells mediated immune response; whereas, the G and 

F- protein vaccine challenges RSV through the immune response caused by antibodies 

[106]. There are random possibilities in the case of G and F - protein vaccines; one of 

which is that the observed RSV resistance could have been through the mucosal IgA 

antibodies, whereas the other could have been an unknown factor assisting these 

antibodies to deplete the CD4+ or CD8+ T cells. However; in contrast to this, it was 

reported that the M-protein vaccine challenging RSV did not induce the serum 

neutralizing antibodies and purely revoked by depletion of CD8+ T cells. Apparently, 

based on this, a soluble G-protein fragment of the RSV was encapsulated in dioleoyl 

phosphatidylcholine (DOPC) liposomes to induce immunization against the RSV [40]. In 

the extensive research by Huang and colleagues, they have found that a fusion product 



of soluble fragment of the G-protein of RSV and thioredoxin protein from the Deinococcus 

radiodurans bacterium can be  encapsulated into the liposomes made of the lipid DOPC 

alone or in combination with the lipids originated from the radiation-resistant bacterium, 

Deinococcus radiodurans, which are unique in nature and are capable of inhibiting growth 

of RSV [41]. 

Moreover, in their research, they have found that the liposomes made up of the lipid 

DOPC in combination with lipid 7 (α-Galactosylphophatidylglyceroylalkalamine) 

isolated from the total lipids of Deinococcus radiodurans bacterium and having the G-

protein and thioredoxin protein fusion product was prominently effective against RSV. 

It was reported that the RSV has no cytotoxic T cells epitope [106]; therefore, the 

inhibitory effect of G-protein of RSV and thioredoxin protein fusion product is due to 

liposomes which were taken up by antigen presenting cells. This suggests that the 

liposomes not only can become a carrier for the vaccine but also can exert an adjuvant 

effect.  

Alveolar macrophages have a vital role in the prevention of RSV infection as they 

produce an innate immune response facilitated by pro-inflammatory cytokines, for 

example tumor necrosis factor (TNF) [107]. During the last decade, an exciting finding 

came into focus, which described encapsulation of RSV antigen inside liposomes and the 

prompt incursion of the neutrophils. However, the influx of neutrophils was doubtful 

and possibly due to reasons such as to clear the debris of dying macrophages or in 

response to the macrophages engulfing the liposomes [108, 109]. However, depletion of 

macrophages was markedly observed post-administration of liposomes encapsulated 

with viral antigen [108]. Geall and colleagues had designed self-amplifying RNA vaccine 

using the lipid nanoparticles, which also can be called liposomes [110]. Subcutaneous 

(S.C.) administration of these lipid nanoparticles produce an innate immune response, 

but the reason for using low surface charged lipids seems unclear. However, use of 



liposomes can stabilize the RNA for long-term and can eliminate the risk of new 

infections caused by carrier-based vaccine [110, 111]. This finding matches with the 

research by Lee and colleagues, where they had observed that liposomes could deplete 

the macrophages. Based on their results, the study seems promising, but their research 

also states that the pathological features of RSV in mice and human are different [111]. 

So, the benefit of doubt persists with this promising study in the quest of RSV vaccine 

research.     

A recent discovery describes that the heparin octasaccharide decoy liposomes hold the 

potential of inhibiting cellular attachment of some pathogens, including RSV [112]. The 

research describes that the decoy receptors functionalized with the heparin sulfate bind 

to the pathogens and thereby the pathogen cannot further bind to susceptive cells. 

However, although the functionalized liposomes have inhibited the cellular attachment, 

they were not able to stop the replication of RSV through infected cells and syncytia 

formation. Moreover, heparin sulfate, due to its anticoagulant nature, may be an issue to 

be used as an anti-viral agent.  

Research has also has come forward recently where the RSV small hydrophobic (SH) 

protein can be targeted by using an inhibitor known as ‘pyronin B’ [113]. Small 

hydrophobic protein is a small 64-amino acid encoding peptide. Although the role of the 

small hydrophobic proteins in RSV infection is not well understood, Li and colleagues 

had found that the pyronin B binds the small hydrophobic protein from the lipid face and 

not from the pore lumen. Binding in this region blocks the small hydrophobic protein 

channel and thereby inhibits the growth of the RSV [113]. Interestingly, the binding of 

pyronin B was concluded from a liposome-based assay, where the small hydrophobic 

protein was encapsulated into the liposomes, and the attachment of this protein was 

confirmed by nuclear magnetic resonance (NMR) spectroscopy. Here, it would have been 



interesting to see whether the pyronin B encapsulated into the liposomes can exert some 

effect in comparison with the pyronin B alone.       

Alternatively, liposomes can be designed to look like a virus and known as virusomes 

[114] and are virus without a genome. Inhibition of RSV infection was recently observed 

with the virosomes made of 1,2-dihexanoyl-sn-glycerol-3-phosphocholine (DCPC), egg 

phosphatidylcholine (PC) and egg phosphatidylethanolamine (PE) were used to 

immunize the mice and challenged with live RSV [7, 114].  Kamphuis and colleagues have 

reported that immunization of mice with lipid made virosomes shown to have increased 

level of virus neutralizing IgG2a antibodies and IFN-γ expression [7].  

1.5 Lipids used for RSV inhibition        

Approximately 90% of the pulmonary surfactant composition is lipids [115, 116]. In 

recent years, names of various lipids have appeared in the research for treating the RSV 

infection; for example, Numata and colleagues have mentioned that the inhibition of RSV 

is possible by thephosphoinositol (PI) surfactant lipid [116] and have classified 

phospholipids as major and minor; the PC is considered as the major, whereas the PI and 

PG are regarded as minor.  In the same research, Numata and colleagues explain that the 

PI lipid stops the RSV spread by blocking the RSV to cell attachment and not by acting 

on virus directly; whereas, approximately 20% reduction in percentage plaque numbers 

was observed when treating RSV with PC lipid [116]. However, the mechanism of action 

of PG also involves blocking virus-cell attachment [117, 118] but the lipid PG is found to 

be less effective than PI [115, 116]. Referring to their research, it can be concluded that 

both major and minor lipids are capable of stoping RSV spread to an extent, although the 

mechanism of action is different. 

In the past, researchers have mentioned the virucidal effect of glycerides and fatty acids 

against RSV [119, 120]. Hilmarsson and colleagues have noted that, without changing 

they hydrophilic-lipophilic balance (HLB) value and merely changing the pH from 



neutral to acidic, the virucidal activity of the compound is increased [119]. Surprisingly, 

steroids and carotenoids are ineffective against RSV infection [121, 122], but other derived 

lipids, such as terpenoids, are being considered as potential anti-RSV agents [123].     

Table 2 Lipids used for RSV inhibition and the proposed activity of the lipids towards 

RSV. (PC= Phosphatidylcholine, PI= Phosphatidylinositol, PG=Phosphatidylglycerol). 

Lipid Activity Reference 

Simple Lipid 

PC Virucidal  [42, 116] 

PI Blocks the virus-cell 

attachment 

[116] 

PG Blocks the virus-cell 

attachment 

[115, 116, 117, 118, 

119] 

Compound Lipid 
Fatty Acids Virucidal [119, 120] 

Glycerides Virucidal [119, 120] 

Derived Lipid Terpenoids Virucidal [123, 124] 

 

1.6 Selection of lipids for liposomal formulation        

The formation of liposomes can be described as a two-step process; the first step is bilayer 

formation and the second is the closing of the bilayer to form liposomes. The transition 

temperature of lipids is responsible for their phase change, and lipids, when at 

temperatures above their transition temperature, will initially orientate into parallel 

alignment and form a sheet-like structure; subsequently, liposomes form by the bilayer 

sheet closing onto a vesicle structure to reduce tension [125].  

Increasing the hydrophobic chain length of lipids increases their transition temperature. 

Transition temperature (Tc) plays a crucial role in the formation, as well as membrane 

fluidity of liposomes [126]. The lipid transition temperature is the temperature where the 

lipid changes its phase from an ordered solid state of lipid to disordered liquid crystalline 

state. In the ordered solid state, the hydrocarbon chains are extended and packed; 

whereas in the disordered state, the chains are randomly oriented.  



In consideration of their application, the liposomal transition temperature is a key factor. 

Employing lipids with transition temperatures about body temperature (>37⁰C) make 

lipid bilayers less prone to leakage and uptake by the MPS at physiological temperature 

[127]. On the other hand, liposomes with lower Tc (<37⁰C) are more susceptible to leakage 

at physiological temperature and may experience quick uptake by MPS or lose their 

original structure at that temperature [128, 129]. The long saturated alkyl chains result in 

higher transition temperature, and this property is beneficial for drug retention in vivo. 

For example, DSPC shows better drug retention compared to 1,2-dipalmitoyl-sn-glycerol-

3-phosphocholine (DPPC) [130]. Furthermore, the long saturated chains of DSPC increase 

the probability of high drug loading, especially for lipid soluble drugs [11, 12]. Although 

there are a variety of lipids that have been reported, the use of PC lipid can be seen 

prominently in the marketed formulations (Table 3).  

 

 

 

 



Table 3 Name, therapeutics and composition details of the marketed liposomal formulations. (HSPC= Hydro Soy PC, DSPG = 1,2-

distearoyl-sn-glycero-3-phospho-(1'-rac-glycerol), EPC = L-α-Phosphatidylcholine (Egg, Chicken-60%), DSPC = 1,2-distearoyl-sn-

glycero-3-phosphocholine, DPPC = 1,2-dipalmitoyl-sn-glycero-3-phosphocholine, DSPE = 1,2-Distearoyl-sn-glycero-3-

phosphoethanolamine, EPG = L-α-phosphatidylglycerol (Egg, Chicken), DMPC = 1,2-dimyristoyl-sn-glycero-3-phosphocholine, 

DOPC = 1,2-dioleoyl-sn-glycero-3-phosphocholine, DPPG = 1,2-dipalmitoyl-sn-glycero-3-phosphoglycerol.) 

Product Drug Therapeutic use Lipids 

Ambisome Amphotericin B Antifungal  HSPC, DSPG, cholesterol 

Myocet Doxorubicin Anti-cancer  EPC and cholesterol  

Doxil Doxorubicin Anti-cancer  HSPC, cholesterol and PEG 2000 

Caelyx Doxorubicin Anti-cancer  HSPC, cholesterol and PEG 2000 

LipoDox Doxorubicin Anti-cancer  DSPC, cholesterol , PEG 2000-DSPE  

Thermodox Doxorubicin Anti-cancer  DPPC, and PEG2000-DSPE 

DaunoXome Daunorubicin Anti-cancer  DSPC and cholesterol 

Marqibo Vincristine Anti-cancer  Egg sphingomylin and cholesterol 

Visudyne Verteporfin Macular degeneration  EPG, DMPC 

DepoCyt  Cytarabine Anti-cancer  DOPC, DPPG and cholesterol 

DepoDur Morphine sulfate Opioid Analgesic  DOPC, DPPG, and cholesterol 

Arikace Amikacin Bacterial infections DPPC and cholesterol 

Lipoplatin Cisplatin Anti-cancer  DPPG, Soy PC, cholesterol and PEG2000-DSPE 

LEP-ETU Paclitaxel Anti-cancer  DOPE and cholesterol  

Epaxal  Hepatitis A vaccine Hepatitis A virus DOPC and DOPE 

Inflexal V Influenza vaccine Influenza virus 

 

DOPC and DOPE 



1.7 Prospective of liposomes in designing prophylaxis for RSV infection       

So far F, G, M, and small hydrophobic proteins have been identified as targets to avoid 

the RSV infection [40, 106, 112, 113]. However, the role of F-protein is vital in the spread 

of the virus because targeting the G-protein can neutralize the virus, but the actual spread 

of the virus is only possible after inhibiting the F-protein [48]. Over a decade ago studies 

were suggesting that all three F-G- and RSV-SH protein inhibitors are required for 

complete success [131]. However, in the last decade researchers have realized the 

potential of F-protein for inhibiting RSV infection [132, 133]. Therefore, some recent 

studies have specifically targeted the F-protein [57, 58, 81]. The F-protein is structured in 

9 domains; namely, signal peptide (SP), fusion peptide (FP), heptad repeat (HR) 1 & 2, 

transmembrane anchor (TM), cytoplasmic tail (CT), domain of 27 amino acids peptide 

(p27) and finally the F1 as well as F2 subunit domains [64]. The F-protein can be 

synthesized as an inactive precursor (F0) having 574 amino acids that can be cleaved at 

C-terminal and N-terminal yielding F1 and F2 subunits, respectively [134]. Compounds 

can be designed to target the subunit regions which assist the fusion peptide’s attachment 

to the host cells [58]. Perron and colleagues had tested a variety of compounds that target 

the F-1 subunit of the F-protein explicitly. One of these molecules, called GS-5806, was 

found to be a potent inhibitor of RSV with minimal toxicity and is undergoing phase-2 

clinical trials. However, other compounds failed to meet the toxicity results achieved 

from the GS-5806. For these compounds, delivery systems like liposomes or nanoparticles 

could help lower the toxicity and achieve the desired physiological effect. For example, 

it is reported that liposomes not only can carry inhibitory protein GS-5806, but also help 

in triggering the fusion process and facilitating the RSV inhibition [57].  



 

Figure 4 The schematic showing ‘multifaceted nature of the liposomes’ [105]. Total 8 

fundamental ways to take structural advantage of liposomes as a carrier for different 

molecules (represented in blue, orange and green). (a) Empty liposomes (b) encapsulation 

in the hydrophilic core, (c) co-encapsulation in hydrophilic core and lipophilic bilayer, 

(d) encapsulation in the hydrophilic core and loading on the liposome surface, (e) 

encapsulation in the bilayer, (f) encapsulation in the bilayer and loading on the liposome 

surface, (g) loading on the liposome surface, (h) encapsulation in the hydrophilic core as 

well as lipophilic bilayer and loading on the liposome surface. 

Liposomal research to date describes them as a system that can be used not only as a 

delivery system but also as adjuvants [10, 19, 50]. Liposome-based vaccine systems can 

be designed based on the type of immune response to be achieved; for example, MLV or 

LUV for TH1 immune response and SUV for the TH2 immune response [19, 135]. 

Moreover, liposomes are multifaceted delivery systems (Figure 4) [105] and are capable 

of co-encapsulating compounds depending on their characteristics [136]. This structural 

attribute of liposomes can co-encapsulate compounds [136] and become a carrier of 

multiple proteins and other anti-RSV compounds. Liposomes can be designed to look 

like a virus by attaching various proteins to it [137]. Therefore, liposomes can be called 



‘multifaceted delivery systems’ and hold the potential of entering the mainstream for 

designing the prophylaxis against RSV infection. 

2.0 Expert Opinion 

Liposomes cover a variety of therapeutic areas including viral vaccine, cancer therapy, 

fungal diseases and analgesics, with more than a dozen liposome formulations already 

marketed and many are in clinical trials. Liposome formulations suit all ages including 

infant and older adults [138]. Since more than 90 % of pulmonary material is a lipid, these 

lipid vesicles should not interfere with the functioning of the respiratory system. 

Moreover, many researchers have shown liposomes to be non-toxic [139, 140]. Therefore, 

liposomes being the most successful delivery system are now being considered as a 

carrier for many anti-RSV agents. 

With no prophylaxis measures, RSV infection can become severe to lethal for prematurely 

born babies, children, and older adults. There is a need of immunoprophylaxis or anti-

viral therapy to curtail increasing rates of hospitalization and mortality. In the 

development of a vaccine, the fate of vaccine depends on various stages, such as good 

laboratory practice (GLP), good manufacturing practice (GMP), good clinical research 

practice (CGRP) as well as the post-licensure studies. Of course, precise regulatory 

submission, statistical data analysis, and environmental factors contribute to an extent 

too [141]. At present, many anti-viral drugs, as well as monoclonal antibodies, are 

undergoing clinical trials. For the anti-RSV agents, liposomes can become a carrier to 

bring essential therapeutic effect with reduced toxicity. 

Liposomes, due to their structural attributes, can encapsulate drugs within the bilayer, 

hydrophilic core or certain agents can be adsorbed/anchored on the surface of the 

liposomes. Therefore, consideration of co-encapsulation of the hydrophilic and lipophilic 

component, along with anchored ligands, could be the maximum usage of the structure 

of the liposome. Formulation of liposomal suspension with uniform vesicle distribution 



and minimal batch to batch variation is challenging but possible with precise 

manufacturing practice and quality ingredients. Further, the analysis of liposomal 

suspension has a variety of aspects to consider, such as percent encapsulation, size, 

surface charge, stability, and toxicity. Modern techniques like microfluidics can deliver 

uniform particles with higher encapsulation efficiency [142]. The stability of the 

liposomal suspension is can be customized for controlled release of the cargo based on 

the selection of the lipid composition. It is recommended that longer chain lipids with a 

high transition temperature (Tc) to be incorporated into the liposomal formulation for 

better encapsulation and extended stability [143]. For instance, palivizumab used in the 

RSV treatment, encapsulation of this drug into the higher Tc lipid could make the 

formulation stable by limiting the release of the drug on storage and may reduce its 

toxicity.  Encapsulation of peptides is also considered challenging as many of the peptides 

are temperature sensitive. In such cases, considering a composition of different transition 

temperature lipids is recommended. Doing this will not only verify the trend of stability 

of the formulation but also will assist to match the anti-viral effect with the drug loss. On 

the other hand, selection of lipids is very important in designing anti-viral liposome 

formulations, as certain lipids have shown anti-viral properties. Therefore, selection of 

such lipids would be a booster, in addition of the effect of the anti-viral agent.  This can 

be also enhanced by using lipids that have immunomodulatory effects. The choice of 

synthesizing liposomes for the vaccine should complement the immune response elicited 

by the vaccine, tailoring liposomes for adjuvant or immuno-stimulatory effect dependent 

on the cargo to balance and generate desirable protection against RSV.  
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