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Introduction
Influenza is an airway infection caused by influenza viruses. Influenza viruses are 
classified into three types, Influenza A, B and C. Influenza A infections are more 
common compared to the other types. Influenza A virus mutates rapidly, hence 
humans are susceptible to frequent influenza virus attacks. In an influenza epidemic, 
the symptoms of infection range from cough, sore throat and fever, to a general 
feeling of illness. Antigenic shift in influenza may result in a pandemic strain that 
can be fatal. The burden of influenza epidemics is huge and both direct (health care) 
and indirect (a.o. economic losses due to reduced productivity) costs add to this 
burden. Direct health care costs alone are already estimated to be over 50 million 
Euro per million of inhabitants in Europe [1]. Both vaccines and antiviral drugs 
(neuraminidase inhibitors) can contain the spread of influenza virus. However, in 
terms of protection, vaccines provide protection for longer period compared to the 
current antiviral drugs. 

Vaccination against the influenza virus is an effective strategy to control the spread of 
virus in pandemics. Currently, influenza vaccines are available as subunit, split, and 
live attenuated virus (LAV) and whole inactivated virus (WIV) vaccine. A subunit 
influenza vaccine comprise of surface antigen hemagglutinin and/or neuraminidase. 
Subunit vaccines are safe for vaccinating more fragile patient populations. Split 
influenza vaccines are prepared by splitting the viral membrane with diethyl 
ether and a detergent or a detergent alone to impair the replicating ability of the 
virus. Split vaccines usually include the essential viral proteins like hemagglutinin, 
neuraminidase along with other membrane proteins. Both the subunit and split 
influenza vaccines are considered to be safe. Nevertheless, they have their own 
limitations regarding stability and antigenicity. The WIV and LAV vaccines are 
more immunogenic compared to subunit and split vaccines. Previous studies have 
reported that high immunogenicity of WIV and LAV is due to the presence of 
genetic material. The RNAs are potent  TLR 7 (toll-like receptor 7) agonists [2]. Due 
to their high immunogenicity WIV and LAV are not suitable for vaccination against 
influenza in high-risk patient populations. Usually, the high-risk group includes the 
elderly population (age above 65 years), children (age above 6 months), pregnant 
and lactating women and people with an impaired immune system.

High-risk patient populations are the main target for influenza vaccination 
programs during pandemic outbreaks. Since the WIV and LAV are not suitable for 
vaccination in this group, they are vaccinated either with subunit or split influenza 
vaccines. However, both subunit and split influenza vaccines are moderately 
immunogenic. Hence, it is very important to improve their immunogenicity. To 
improve the immunogenicity of these vaccines several options exist, they include (i) 
the administration of multiple vaccine doses, (ii) the use of an adjuvant or (iii) or 
formulation of the antigens in special delivery systems.
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Influenza vaccines are supplemented with adjuvants either to improve their 
immunogenicity or to save doses during pandemics. The immunogenicity of vaccine 
can be improved with a variety of adjuvants (Table 1). The licensed and widely 
used adjuvants for influenza vaccines include: alum, MF59, ASO3, and ASO4 [3]. 
Many other adjuvants have been described but they are mostly in the preclinical and 
clinical trial stages [4–6], and for most is still unclear whether they will ever meet the 
strict requirements necessary to gain regulatory approval.

Particulate vaccines are vaccines in which the key antigen is formulated together with 
one or more adjuvants in a special delivery system to form a particular structure. 
Most of the particulate-based vaccine (PBV) systems and the adjuvants used are still 
in the developmental stage, only a few products have made their way to market. 
Inflexal®, a virosomal influenza vaccine, is an example of this last category. A special 
feature of this product is that it is considered safe even in children [7].

Particulate vaccines facilitate effective antigen presentation, but in a different manner 
compared to other adjuvants like alum, saponin or TLR ligands. The latter adjuvants 
will, in general, stimulate the immune response through mechanisms such as slow 
release of antigens (Alum), induction of proinflammatory cytokines (saponin), 
activation of TLR receptors induction of immunomodulatory cytokines, whereas, 
PBVs improve the immune response through antigen presentation. 

Category Adjuvants Refs

Alum [8]

Nano-emulsion ASO3, MF59 [9,10]

CpG oligonucleotide CpG-A, CpG-B [4] 

Cytokines IL-1, γ - IFN, IL-2, IL-4, IL-12 [11,12]

Fusion Proteins Flagellin [13]

Inulin γ Inulin, δ Inulin [14]

GEM [15,16]

Lipids Ceramide Carbomyl- Spermine, 
α-Galactosylceramide [17,18]

Bacterial Toxin CT, LT, mCTA-LTB [19]

Saponin GPI-0100 [20]

Other adjuvant MPLA (TLR 4) [21]

Table 1. Overview of Influenza vaccine adjuvants classified in different categories
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2
Formulation Types Route of 

administration Refs

Liposomes Cationic 
Ceramide carbamoyl-
spermine 
Lipid/DNA-complex 
Mucoadhesive 
Peptide coupled

i.m, i.n [17,25–28]

Virosomes Heat labile toxin from E.coli
LpxL1

s.l., i.n. [29,30]

Virus-like particles Flagellin from salmonella i.m, i.n [31]

Proteosomes Outer membrane proteins 
of Neisseria meningitides

i.n. [32]

Nanoparticles Chitosan 
γ –glutamate / Chitosan
poly-( ɛ-caprolactone) /
Chitosan
Chitin

s.c., i.n., oral [6,33]
[34–36]

Microparticles Surf clam 
Eudragit S and trehalose

ISCOMS Quil A glycoprotein, 
cholesterol, phospholipid

i.m., i.n. [37,38]

Bliosomes Bile salts oral [39]

The components used in PBV-based vaccine delivery systems target the antigen 
effectively to antigen presenting cells (APC). Additionally, PBVs are particulate in 
nature which may make their appearance similar to that of influenza virus particles 
[22–24]. At present the research on PBVs mainly focuses on systems like liposomes, 
nanoparticles and microparticles. Other PBV delivery systems include proteosomes 
and bilosomes, whereas nanoemulsion based systems like MF59 and ASO3 have 
been approved for human use. In figure 1 a schematic overview of the structure and 
appearance of different PBVs is presented.

Particulate vaccine delivery forms have their own specific advantages and limitations 
when used with influenza vaccines. An update on these vaccine delivery systems will 

Table 2. Particulate influenza vaccine adjuvants and their route of delivery
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Virosome Virus like Particle

Proteosome
Microparticles / Nanoparticles

Bilosome ISCOM

HA

NA
M2
Viral Membrane
Viral RNA

WIV Liposome

Figure 1. Schematic overview of the structure and appearance of different PBVs.
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be presented in this review (Table 2). In addition, the compliance and regulatory 
issues pertaining to different PBVs will be discussed briefly. Finally, the future 
perspectives of PBV also in relation to their intrinsic stability will be discussed.

1. Liposomes
Liposomes were first described in the early 1960’s. Since their discovery, significant 
research efforts have been devoted to tap the potentials of liposomes. Liposomes can 
contain both hydrophilic and lipophilic drugs. The presence of hydrophilic inner 
core and lipophilic compartment in the bilayer made the liposome an attractive 
carrier for vaccine delivery. Nevertheless, the antigen entrapment in liposome is a 
challenging task. Only twenty year after their discovery, the liposomes were first 
investigated for possible adjuvant activity. The first study focused on the adjuvant 
activity of liposomes on tetanus toxoid vaccine [40]. Later, researchers investigated a 
wide range of antigens originating from bacteria, protozoa, and viruses. The immune 
responses induced by the liposomal antigen products were reported to be better than 
the responses induced by native antigens [41,42]. The main reason for effective 
antigen presentation of liposome is considered to be the lipid bilayer, which adsorbs 
the antigens with electrostatic charge. Moreover, the liposomal bilayers serve as a 
depot to supply antigens to APC at a slower rate [43]. 

Although the basic liposomal vaccine formulations were already shown to boost the 
immune response, research was progressed by investigating the effects of modified 
liposomes. The modifications included altering the size, entrapment efficacy and 
charge, as well as the incorporation of secondary adjuvants like cytokines, ceramide 
carbamoyl-spermine, lipid-DNA complex and peptides [44–47]. The size and the 
entrapment efficacy of liposomal influenza vaccines was shown to have some relation 
to the adjuvant activity [44]. It was reported that split influenza vaccine has the 
tendency to bind strongly to cationic liposomes formulated with cholesterol [48] 
this could potentially improve the antigen entrapment in the liposome which is 
still one of the major challenges in this type of products. The adjuvant effect in 
cationic liposomes mainly depends on the activation of extracellular signal regulated 
kinase and induction of CC chemokine by the cationic phospholipids [46]. It was 
shown that electrostatic forces of liposomal bilayer resulted in improved adsorption 
of antigens to bilayer and that improved adsorption resulted in good entrapment 
efficacy of antigen in liposome [49]. Liposomal flu vaccines supplemented with 
IL-2 proved to be safe in clinical trials and the incorporation of the cytokine in the 
liposomal formulation enhanced the immune response [47]. 

The parenteral administration of liposomal flu vaccines induced both humoral 
and cell mediated immune response. The liposomes form a vaccine-depot at the 
injection site which prolongs the antigen presentation and mediates a strong Th1 
immune responses [50]. However, a liposomal formulation containing matrix 2 
(Me2) proteins as antigen induce a Th2 immune response [123]. Hence, the type 
of immune response induced by liposomal vaccines depends on the type of antigen 
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in liposome vaccine formulation administered.  Intra nasal (i.n.) administration 
of liposomal flu vaccines induced a mucosal immune response [51]. Influenza 
vaccines capable of inducing mucosal immune responses are considered superior to 
conventional influenza vaccines, as they induce the immune response at the port of 
entry of the virus (nose and airways). This boosts the research on mucosal liposomal 
influenza vaccines [52–54]. Muco-adhesive formulations of these liposomal flu 
vaccines improved the residence time of antigen for the uptake by APC in the 
mucosal sites [27].

In recent years, the inclusion of secondary adjuvants to liposomes has improved the 
transport and uptake of antigen from the mucosal surfaces. A synthetic cord factor 
from M. tuberculosis in liposomes was reported to improve the transport of antigens 
through the mucus membrane [53]. Transport of antigen in the mucosal layer can 
be adopted for vaccination against respiratory viruses like influenza. Liposomes with 
poly-cationic lipids like CCS can further boost the immune response of influenza 
antigens via the i.n. route and, has been demonstrated in mice and ferrets [55]. 
Furthermore, complexation of DNA with cationic liposomes improved the antibody 
responses by providing cross protection against drifted influenza strains [26,56]. 

2. Virosomes
The main difference between virosomes and liposomes is the presence of the surface 
antigens like HA or NA on the outside of the latter. Virosomes more or less resemble 
a virus particle without the genetic material of native influenza. The term virosome 
was proposed in 1975 to the modified liposomes with influenza surface proteins over 
the lipid bilayer [57].  In the virosomes the influenza surface protein HA is bound 
to the surface of the lipid bilayer, arranged in a mode similar to that of the HA in 
the influenza virus.  This specific arrangement increases the fusion capacity of the 
virosomes with cell walls significantly [58,59].

In the early years of virosome research, they were developed as a carrier for 
biopharmaceuticals [60]. Virosomal vectors containing viral envelopes of stomatitis 
and sendai virus have been developed [61,62]. However, the virosome with influenza 
viral proteins is the most commonly used due to its preserved fusion activity [63]. 
Next to being an influenza vaccine type, influenza virosomes can also be used as a 
carrier or adjuvant for other antigens like hepatitis A. They can actively present the 
antigen to APC by binding to the sialic acid end receptor as they still maintain the 
binding capacity and fusion properties of the HA [64].  

Vaccination studies in humans have reported that influenza virosomes are more 
immunogenic compared to influenza subunit vaccine, and they have been approved 
for human use, administered via i.m. injection [65,66]. The positive response after 
parenteral administration paved the way to investigate other routes of administration 
for virosomal vaccine formulations. Virosomal vaccines given intranasally to ferrets 
showed that virosomes elicited an immune response after mucosal vaccination 
[67]. Moreover, the virosomes induced a local immune response in addition to 
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the systemic immune response. Safety studies revealed that the phospholipids used 
in virosomes are safe and immuno-tolerable making them suitable for frequent 
influenza vaccination [68]. 

The addition of secondary adjuvants to virosomes can further improve the immune 
response (after mucosal administration). Preclinical studies of virosome with trivalent 
influenza vaccine and heat labile toxin from E. coli in different animals proved to 
be safe and efficient in inducing antibodies against the viruses [29]. The addition 
of lipopolysaccharide LpxL1 to influenza virosome shifted the immune response 
towards Th1 [30]. Sublingual administration of virosomal flu vaccines was shown 
to induce secretory IgA antibodies in the upper respiratory tract. Hence, virosomal 
influenza vaccines are considered  effective formulations for controlling the virus in 
pandemics [69].

3. Virus-like particles
 Virus-like particles (VLP) are developed to improve the immunogenicity of 
recombinant protein antigens that suffer from poor presentation to APC [70]. VLPs 
can actively present the antigen to the APC, which in turn increases the immune 
response against the native virus [71]. They resemble native virus particles, however 
they carry no genetic material in them. Hence, they cannot replicate, but they are 
immunogenic to the same extent as the native virus when loaded with antigens. 
VLPs can be produced by cloning the genome responsible for the expression of the 
antigenic material in the virus to the target vector plasmid [72]. Usually they are 
expressed in insect cell lines and in some cases even in plants [72–74]. The vaccine 
against the human papilloma virus and hepatitis B has been tested clinically and 
showed positive response in boosting the immune response [75].

Influenza VLPs comprising HA, NA and M1 proteins induced protective immune 
response against the virus in preclinical studies [76,77]. The i.n. immunization with 
influenza VLPs induced a broad spectrum of antibodies against heterologous influenza 
viruses [78]. In addition, cross-protection over different clades has been reported 
when animals were immunized with H5N1 VLPs [79]. Mucosal vaccination of VLPs 
can induce both systemic and mucosal immune responses [80,81]. One i.n. dose of 
influenza VLPs in mice was shown to induce an immune response comparable to 
that induced by two i.m. doses of VLP or adjuvanted VLPs, a response sufficient to 
protect against the virus [82]. This observation demonstrates once more that also 
the route of immunization affects the immune response. This was further confirmed 
by a study showing that the intradermal immunization of VLPs with micro-needles 
prompted an immune response superior to i.m. VLP immunization [83]. 

Influenza VLPs mixed with secondary adjuvants like Novosome and flagellin from 
salmonella further boosted the immune response [31,84]. The influenza VLPs with 
Me2 protein induced superior immune response with cross-protection against a 
variety of influenza virus strains [72]. Hence, this approach could open the avenues 
for research towards universal influenza vaccines. The Me2 protein (considered to 
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be the conserved epitope in influenza virus) with the VLP may improve the antigen 
presentation. 

4. Proteosomes
Proteosomes are hydrophobic particles that include bacterial outer membrane 
proteins and trace amounts of purified lipopolysaccharide. The outer membrane 
proteins are isolated from Neisseria meningitides [85]. Two strategies have been 
adopted in the development of proteosome-based vaccines. In the first approach, 
the vaccine antigen is combined non-covalently with proteosomes by complexation. 
This approach may incur some antigen loss [86]. In the second approach, the vaccine 
antigen is simply mixed with proteosomes prior to vaccination [87]. The proteosome 
particles activate the APCs by both TLR2 and TLR4 activation [88]. Proteosome-
based vaccines produced by both methods induce both mucosal and systemic 
immune response when administered via the mucosal route [86,87]. Furthermore, 
i.n. vaccination studies with influenza subunit vaccine with proteosomes showed 
induction of a mucosal immune response that protected  mice from virus challenge 
[89,90]. The i.n. proteosome-based influenza vaccines induce a strong Th1 immune 
response [91]. After successful preclinical studies in animals the clinical studies were 
performed with healthy volunteers for the evaluation of safety and efficacy in man 
and the outcome this study showed that influenza proteosome vaccines are safe and 
effective in inducing immune responses [32,92].  In the last decade, research on 
proteosome-based influenza vaccines has been performed with the conserved epitope 
of the influenza virus. The i.n. vaccination of this proteosome–based vaccine with 
conserved epitopes resulted in a positive immune response [93]. Hence, influenza 
vaccines based on proteosomes can be used as a carrier/adjuvant to elicit a protective 
immune response against the influenza virus. Noticeably, the proteosome-based 
vaccines are effective when administered via i.n. route, making proteosomes 
interesting adjuvants for non-invasive influenza vaccination.

5. Nanoparticles and micro-particles 
Nanoparticles are used as a carrier of a variety of biopharmaceuticals including 
vaccines, toxins and other antigens. A wide range of materials is used to formulate 
these nanoparticles. The most commonly used materials are chitosan, chitin and 
combination of these materials with γ-glutamate or poly-(ε-caprolactone). Preclinical 
studies have been performed to ascertain the safety and efficacy of the vaccine 
nanoparticles [94]. The encouraging results of these nanoparticle based vaccine studies 
opened new avenues in vaccine research. Later, research on nanoparticle influenza 
vaccines administered through i.n. route showed that i.n. vaccination is effective. 
The immune response induced by these influenza nanoparticles are comparable to 
those induce by conventional vaccine [94]. Additionally, influenza nanoparticle 
vaccination via i.n. route induced mucosal immune response. Although effective 
immune responses after i.n. administration to humans of chitosan formulations 
have been reported, little progress was seen in this field over the past decade. The 
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inclusion of Poly (γ-glutamic acid) in chitosan nanoparticles with influenza subunit 
vaccine further improved the immune response, by providing protection against the 
influenza virus challenge [6,95]. It was also reported that the adjuvant activity of the 
chitosan / poly(γ-glutamic acid) nanoparticles is mediated through both humoral 
and cellular immune response [96]. Simple physical mixing of trimethyl chitosan 
nanoparticles with WIV also boosted immune response in mice with protection 
against the virus [97]). The chitosan nanoparticles with poly-(ε-caprolactone) also 
induced superior immune response with protection against influenza [33]. 

Similar to nanoparticles, microparticles can be formulated with chitosan and chitin. 
Chitin microparticles vaccination through the i.n. route induces immune responses 
that protect against a viral challenge [34,98]. The micronized particles of surf clam 
shell showed adjuvant activity with i.n. influenza vaccines [99]. The i.n. administration 
of influenza vaccines adjuvanted with surf clam microparticles reduced the lung virus 
titers after challenge [100]. Oral administration of microparticles formulated with 
Eudragit S and trehalose induce cross protective immune response against different 
influenza virus [36]. Since these microparticles induce good level of immune response 
compared to conventional influenza vaccines, chitosan based delivery systems may 
act as potential influenza vaccines in the future. Recent study on safety of the chitosan 
revealed that it is safe for use in humans for i.n. administration [101]. The preclinical 
studies on chitosan based nanoparticles have showed promising results. However, 
the safety and immunogenicity of nanoparticles based influenza vaccines have to be 
reaffirmed with successful clinical studies. 

6. Bilosomes
Bilosomes are lipid vesicles formulated with bile salts. The bile salt vesicles protect the 
conformation of proteins/antigens even at low pH values like that in the stomach. 
Moreover, this kind of vaccine formulations were reported to effectively transport 
the antigen through the GI mucosa to gut-associated lymphoid tissue [102]. Studies 
on influenza subunit vaccine in bilosome revealed that it induces Th2 with no Th1 
type of immune response. Additionally, it induces mucosal immune response [103]. 
Tailoring of immune response with influenza bilosome is achieved by altering the 
size of the bilosome [39].

7. ISCOMs
ISCOMs are composed of Quil A glycoprotein matrix, cholesterol and phospholipid. 
The hydrophobic nature of matrix facilitates the antigen attachment [104]. 
Administration of ISCOM adjuvanted vaccines via the i.m., i.n. and intraperitoneal 
route was studied for effectiveness [105–107]. The ISCOMs formulated with 
influenza glycoprotein showed superior immune responses compared to native 
influenza glycoproteins. Moreover, it also protected the animals against the lethal 
virus challenge [108]. However, the vaccine failed to protect the animals against the 
virus challenge with distant drifted influenza virus [109]. Indicating that, ISCOM 
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influenza vaccine may provide better protection against the closely related influenza 
strains but not against distant drifted variants.

Regulatory challenges
Currently adjuvants are not licensed separately; they are licensed only in combination 
with a specific vaccine. This is a logical approach since efficacy can never be proven 
in formulations without any antigen and because the adjuvant activity may vary 
between different vaccines. The regulatory challenges involved in licensing of these 
adjuvanted vaccines normally includes mode of action, non-clinical toxicity studies, 
clinical safety and post marketing surveillance [110]. Hence, it can take a while 
before a vaccine for human use will be approved. The EMEA and WHO guidelines 
stress that adjuvanted vaccines should be non-toxic, safe and effective. Moreover, the 
WHO also suggests that the new adjuvanted vaccines should prove their effectiveness 
over the standard adjuvant i.e. the alum adjuvanted vaccine [111,112] or over the 
non-adjuvanted formulations (when the current standard is non-adjuvanted).

Compliance issues
The particulate influenza vaccines have to be safe when compared to the conventional 
vaccines. The preclinical studies showed that several PBVs are safe and immunogenic. 
However, safety and immunogenicity studies in humans are required and their success 
will determine the future of PBVs. In addition to administration via conventional 
(parenteral) routes, PBVs are also developed to enhance the immune response after 
administration via non- invasive routes like sublingual, pulmonary, intranasal or oral 
administration.

Almost all the PBVs were shown to boost the immune response after i.n. 
administration in animal studies, however, none has be approved for human use so 
far. An important aspect of i.n. vaccination is neurotoxicity, because in recent past 
a virosomal influenza vaccine with CTL adjuvant induced Bell’s palsy in humans. 
Hence, it is very important to study the toxicity of adjuvants used in influenza 
vaccine formulations before proceeding to the clinical studies. 

Influenza vaccination via the sublingual mucosa has gained interest in recent years, 
because s.l. vaccination with adjuvanted influenza vaccine was shown to induce local 
immune responses along with serum level protection in preclinical studies. This route, 
however, requires high doses of antigen to elicit an adequate immune response as the 
tolerance level is high for microbial antigens in the oral mucosa. Hence, a potent 
adjuvant is required for s.l. vaccines. Lipid-based delivery systems like liposomes and 
virosomes are likely to provide the best chances for transporting the vaccines across 
the mucosal membrane [69], although the success of this approach in humans has 
not been proven so far. 

The oral route of vaccination was considered ineffective in flu vaccination. However, 
research on oral vaccination has demonstrated that administration via this route can 
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also elicit immune responses once the antigen is protected against the low gastric pH 
and enzymatic degradation [113,114]. Although it is to be mentioned that so far 
this concept was proven effective in animals only. Novel oral delivery approaches like 
bilosomes can protect the antigen from denaturation or inactivation. Furthermore, 
they can transport the antigen effectively across the g.i. mucosa to elicit an immune 
response thereby improving the compliance level of vaccination. 

Perspectives of particulate influenza vaccines
At present, only a few PBVs are commercially available and they are all liquid 
formulations. Liquid formulations have a major drawback regarding stability. The 
particulate structure mixed with or containing the antigen has to be stabilized since its 
efficacy is thought to depend on its structure. A complicating factor is that in several of 
the new formulation types the antigen degrades faster than in the native WIV or LAV 
type formulations, since the intrinsic stabilizing effects of the virus wall components 
are missing in the new formulations. One of the options described to prevent the 
degradation of antigens in the particulate vaccine formulations is to convert them 
into solids [115–117]. Thereby, the movement of the antigens is restricted at the 
molecular level [118]. This can be achieved by lyophilizing the antigen with suitable 
lyoprotectants. Lyoprotectants that have been described include trehalose, mannitol, 
inulin and dextran. Choosing the corrected stabilizer is an important parameter as 
different materials provide different degrees of stabilization. For novel vaccination 
formulations with an improved compliance level, the particulate vaccines should be 
formulated in a form that is suitable for their intended route of administration. 

The liquid vaccines seem best suited for the i.n. vaccination as suitable delivery 
devices exist. However, devices for nasal powder administration have also been 
described [119,120]. Administration via the s.l. or oral route requires a suitable unit 
dosage form too. Formulating the stabilized vaccine into a tablet will further improve 
the compliance and reach of vaccination among the population during pandemics. 
Alternatively, the novel particulate vaccines can be formulated as powder vaccines 
for pulmonary delivery. Pulmonary vaccination of particulate influenza vaccines may 
improve immune response through active presentation of antigen to the APC in lung 
[121,122]. Mucosal vaccination with PBV formulations may increase the immune 
response. Especially, the induction of local IgA responses may be of interest since this 
may actively neutralize the virus at the port of entry. 

Conclusion
The formulation of influenza antigens in novel particulate-based formulations may 
boost the immune response after vaccination and open new (non-invasive) routes 
of administration. Moreover, the immune response could be boosted by combining 
these new PBVs with other potent adjuvants. PBVs mainly boost the immune 
response through an improved (often active) presentation of the antigen to APCs. 
However, several particulate vaccine formulations may need stabilizing formulations 
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