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ABSTRACT

Background

Swine are the most important meat animal, famous for white
meat, which are prepared as ham, bacon, gammon, sausages
and pork. Swine are valuable animals and they are
physiologically, immunologically and anatomically similar
to humans and their organ can be transplanted to the
humans. Due to modernization, the cultural food restriction
has lost in the people of urban communities and among the
younger generations in Nepal. Gradually changing feeding
habit of Nepalese has proven pork to be a useful addition to
the food menu. Not only 8.7 lakhs swine in Nepal but the
global pig population which occupy 769.05 million are
suffering every day from new challenges and threats from
very harmful pathogens and diseases like swine dysentery,
coccidiosis, swine influenza, etc. Swine influenza is highly
contagious rapidly spreading zoonotic viral disease of pigs
characterized by febrile respiratory disease often
complicated with secondary bacterial infections. Vaccines
are only tool for prophylactic measures. There is big
challenge for vaccine researchers, manufacturers and
scientists for development of effective vaccine regarding
swine influenza.  Currently available flu vaccines are
capable of homologous protection of virus but fail to induce
cross protection against frequently evolving heterologous
viruses. In this review, we discuss the status of novel
nanoparticle-based approach of swine influenza virus
vaccine development contributed significantly by Nepalese

scientist and the future directions to control this
economically important swine disease.
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Introduction

Swine are the important and valuable food animals,
globally popular for white meat [1]. Anatomically,
physiologically, and immunologically; pigs are more
similar to humans [2]. Swine are fast growing animals and
provide maximum profit in short period of time, so swine
farming is popular in Nepal. Due to cultural restrictions,
consumption and farming is still not acceptable in
Bhramin and Muslim communities in Nepal. In recent
years, pig farming has got increased momentum in Nepal
[3]. According to the year 2017 livestock statistics of
Nepal, pig population in Nepal is around 8.7 lakhs [4].
Global pig population is about 769.05 million [5]. The
health status of global pig population is challenged by
existing and emerging viruses, bacteria, fungi and
parasites infection day by day. For example, swine fever,
Nipha virus encephalitis, porcine reproductive and
respiratory syndrome (PRRS), swine influenza, porcine
cysticercosis etc. are some of the economically important
swine diseases. Due to the genetic diversity and the
potential risk of human transmission swine influenza is an
important zoonotic disease of swine with public health
concern [6]. Swine influenza is an economically important
disease of pigs with massive economic loss globally.

Influenza A and swine influenza virus

Influenza A viruses (IAVs) are negative sense, single
stranded RNA virus of Orthomyxoviridae family. The
genome of the virus consists eight gene segments that
encodes different viral proteins.

Table 1: Gene segment and encoded proteins

Viral genes Protein(s) encoded

1% segment Polymerase basic protein 2 (PB2)

2" segment Polymerase basic protein 1 (PB1)

3 segment Polymerase Acidic, (PA)

4™ segment Haemagglutinin (HA)

5t segment Nucleoprotein (NP)

6™ segment Neuraminidase (NA)

7" segment M1 and M2 proteins

8 segment Non-structural protein-1 (NS-1) and NS-2 or

Nuclear export protein (NEP)

IAVs have significant characteristics of enormous genetic
variability led by antigenic drift and antigenic shift which
create challenge for effective prevention and control.
Antigenic drift is due to random mutation within
individual genes and antigenic shift or reassortment occurs
when two or more different influenza A viruses infect
same cell and their RNA segments get exchanges resulting
in novel reassortment viruses [7].

Swine influenza is a highly contagious zoonotic viral
disease of pig characterized by respiratory disease
producing clinical signs like coughing, sneezing, nasal
discharge, and high temperature [8]. At present HIN1,
HIN2 and H3N2 are the three subtypes of 1AVs which
cause infection in pigs [9].

Prophylactic measure

IAVs are the constant threat to humans and animals and
vaccination is one of the most effective way to prevent
and mitigate the disease. Currently available flu vaccines
induce incomplete protection and only homologous
protection but not heterologous protection against
influenza viruses. Due to this, development of novel flu
vaccine candidates is warranted to achieve greater efficacy
against constantly evolving flu viruses [10].

Different types of Swine influenza vaccine have been
developed which provide homologous protection only. In
this review, we describe the nanoparticle-based approach
of swine influenza vaccines development, carried forward
by a Nepalese scientist at The Ohio State University
(USA), which can induce heterologous protection and
bear commercialization potential.

PLGA nanoparticles-encapsulated conserved peptide
vaccine

PLGA (Polylactic-co-glycolic acid) is a non-toxic
biodegradable and biocompatible polymer which are
extensively used for drugs and vaccine delivery [11].
European Medicines Agency (EMA) and Food and Drug
Administration (FDA) of the US have approved the PLGA
for human use and applications. Even a soluble vaccine
antigen can be entrapped in PLGA nanoparticles and elicit
strong immune responses [12]. Entrapped conserved
peptide antigen in PLGA nanoparticles are protected from
enzymatic and ionic degradation [13]. Stalk domain of
hemagglutinin  (HA), matrix (M1 and M2) and
nucleocapsids (NP) are highly conserved influenza viral
protein [14]. The conserved proteins of influenza virus
without potent adjuvant and proper delivery system are
poor immunogenic.

Hiremath et al. (2016) developed PLGA entrapped
conserved peptide vaccine. The vaccine contains
Norovirus P particle containing swine influenza virus m2e
(extracellular domain of matrix protein 2) chimera and
highly conserved two each of HLN1 peptides of pandemic
2009 and classical human influenza viruses were
entrapped in nanoparticle, with or without Mycobacterium
vaccae whole cell lysate as an adjuvant intranasally. The
vaccine induced stronger epitope specific T- Cell
responses, without boosting antibody responses which
resulted in clearance of replicating virus from lungs of
pigs. The M. vaccae adjuvant could not induce stronger
antibody response indicating the need of alternative
approaches.

PLGA nanoparticles-delivered inactivated swine

influenza virus vaccine

PLGA nanoparticles also help in internalization,
processing and presentation of the antigens by
professional antigen presenting cells [15]. Antigen
presenting cells easily uptake the PLGA nanoparticle
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which has size up to 500 nanometers [16]. PLGA
nanoparticles protects the encapsulated antigen from the
proteolytic degradation which occurs in the mucosal
surface when administration through intranasal route and
makes quick and easy uptake by the cells which are
present in the mucosal surface of the respiratory tract.
This type of nanoparticles have potential to develop strong
mucosal immune response.

Dhakal et al. (2017) developed PLGA encapsulated
inactivated swine influenza virus vaccine and tested in
pigs in heterologous vaccine-challenge experiment. Pigs
vaccinated with PLGA-delivered inactivated swine
influenza virus vaccine have shown higher number of y6 T
cells. The y6 T cells contributes for the induction of
protective immune functions against influenza [17]. This
vaccine activated greater numbers of cytotoxic T-cell
compared to control vaccine groups. The activated T-cells
will produce INF-y cytokine which play important role in
the clearance of influenza virus infected cells from
respiratory tract [18]. For the clearance of intracellular
pathogens, cell mediated immune response is important
and the antigen presentation by major histocompatibility
complex (MHC)-1 mediate the cytotoxic T cells (CTL)
responses [19]. PLGA-based swine influenza virus
vaccine delivered by intranasal route did not induce
effective humoral immune response but induced strong
cytotoxic T cell response which resulted in protection of
virulent heterologous influenza virus induced clinical
diseases, reduced lungs pathology and cleared the virulent
zoonotic heterologous virus from the lungs of pigs [20].
This technology has been patented and licensed to
Aptimmune biologics Inc., St. Louis, MO, USA for
potential commercialization in swine industry [21].

Polyanhydride nanoparticles-delivered inactivated

influenza virus vaccine

Polyanhydrides are non-toxic, non-mutagenic polymer
which are biodegradable and biocompatible having
excellent sustained release properties [22]. Recently, Food
and Drugs Administration (FDA) has approved
polyanhydride based nanoparticles for antigen delivery in
vaccines as they have self-adjuvant and physiochemical
properties like hydrophilicity and crystallinity which help
in proper immune induction [23]. Polyanhydride
nanoparticles minimize the exposure of encapsulated
antigens to  moisture  and  provides  better
microenvironment for the antigens which are encapsulated
[24]. Polyanhydride nanoparticles do not alter structural
and biological activity of released vaccine antigens [25-
27]. Polyanhydride nanoparticles have pathogen
mimicking properties which help to activate dendritic cells
and help to enhance innate immune response [28,29].
Dhakal et al. (2017) developed polyanhydride
nanoparticle vaccine encapsulating whole inactivated
swine influenza virus and analyzed the immunogenicity
and efficacy of the vaccine against heterologous and

virulent zoonotic swine influenza virus (H1N1) challenge
in pigs. This vaccine increased virus specific cell mediated
immune response but not the antibody responses and in
turn reduced the viral fever and lungs pathology in pigs
[30].

Chitosan nanoparticles-delivered inactivated influenza
virus vaccine

Chitosan is a linear polysaccharide polymer which are
synthesized by deacetylation of chitin which is abundantly
found in nature [31]. Chitosan has been widely used for
antigen  delivery due to its biocompatibility,
biodegradability, mucoadhesive, polycationic, self-
adjuvant and immunomodulatory properties [32].
Chitosan nanoparticle do not need any organic solvents
for preparation thus involve a simple and mild procedure
for protecting sensitive biochemical agents including
proteins and help in easy modulation of particles [33,34].
Dhakal et al. (2018) developed mucoadhesive chitosan
nanoparticles-delivered inactivated swine influenza virus
vaccine using tripolyphosphate by ionotropic gelation
technique. This chitosan-based nano vaccine administered
through intranasal route elicited robust mucosal secretary
(IgA) antibody response and virus-specific cell-mediated
immunity in pigs resulting 100 times lower virus load in
the respiratory tract of pigs compared to pigs vaccinated
with inactivated soluble antigens [35]. This technology
has been patented and being considered by the Ohio State
University based startup company Nanicula for potential
commercialization in swine industry [36].

Liposomal
vaccine
Liposomes are the vesicular structure surrounding an
aqueous core which are composed of one or more
phospholipid bilayers [23]. For both hydrophilic and
lipophilic entities liposomes represent an ideal nanocarrier
[37]. Liposomes are used to enhance better encapsulation
efficiency for the antigen and adjuvants, so they are ideal
for antigen delivery [38]. The antigens are protected by
liposomes from degradation facilitating slow release of
antigen and enhance uptake of antigen by antigen
presenting cells [39].

Dhakal et al. (2018) developed liposomal nanoparticles-
based highly conserved peptide influenza virus vaccine
and tested in pigs administered intranasal together with
monosodium urate crystal (MSU) adjuvant. MSU crystals
are the safe and non-toxic agent to enhance peptide
antigen  immunogenicity. Intranasally  administered
liposomal nano vaccine with MSU adjuvants induced
virus and peptide specific T-helper and memory cell
populations, enhanced mucosal IgA response and reduced
fever, virus load and pneumonic lesions in pigs after
challenge with zoonotic and virulent AV [40].

nanoparticles-based conserved peptide
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Future perspectives of nanoparticles-based swine
influenza vaccine

Vaccines are the better choice for prophylactic measure
against swine influenza virus infection in pigs. There are
various influenza vaccine platforms based on
nanoparticles being developed by a team including
Nepalese scientist. Each nanoparticle-based vaccine
formulation has its own advantages and disadvantages. An
ideal vaccine against swine influenza virus must have
characteristics of reducing difficulties which were
encountered by other previous developed traditional
vaccine. An ideal vaccine should be safe, cheap, easy to
administer, biodegradable, biocompatible, non-toxic and
should be able to prevent disease and virus shedding. An
ideal vaccine should have not only homologous protection
but also heterologous protection and should induce both
humoral and cellular immune responses. A potent vaccine
should induce effective herd immunity, preferably with
single dose requirement and easy administration.
Nanoparticle-based vaccine have the potential to induce
both antibody as well as cell mediated immune responses
in pigs depending on their chemical nature and provide
protection against homologous and heterologous 1AVs.
With further research focused on developing balanced
antibody and cell mediated immune responses,
nanoparticle-based vaccines can serve as the better
candidate swine influenza vaccine for global pig market.

Conclusion

In conclusion, nanoparticle-based Swine influenza vaccines
are effective and better than traditional Swine Influenza
vaccines, as it produces mucosal, humoral and cellular
response and are capable of producing cell mediated and
humoral immunity.
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