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Introduction

Modern vaccines are based on the research of Edward Jenner and Louis Pasteur. In 

1798, Edward Jenner introduced cowpox pustule fluid into people to induce protec-

tion against smallpox [1], and Louis Pasteur attenuated the fowl cholera pathogen co-

incidently. Pasteur realized that the pathogenicity of pathogens reduced with age, and 

termed the attenuated strain a vaccine [2]. In Latin, vacca means cow, honoring Ed-

ward Jenner’s experiment. Interestingly, the initial development of both of these hu-

man vaccines was deeply related to animals.

 Vaccination can provide cost-effective long-term protection against disease by stim-

ulating the natural defense system of the host to generate sufficient immunity. New 

vaccine technologies are developed globally and are introduced through various jour-

nals to determine more efficient ways of inducing immunity. However, only limited 

numbers of these developments are adopted as actual human vaccines because of the 

high level of safety required. The most effective example to explain the difficulty of de-

veloping human vaccines is adjuvants. There are many possible adjuvants but alum 

(aluminum compounds) is the most common commercial adjuvant in current killed 

vaccines [3]. Various new technologies and adjuvants could not be used because of 

safety concerns. Before human use, vaccines developed with new technologies or new 

adjuvants should be approved for each national regulatory authority. For authoriza-
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Various new technologies have been applied for developing vaccines against various animal 
diseases. Virus-like particle (VLP) vaccine technology was used for manufacturing the por-
cine circovirus type 2 and RNA particle vaccines based on an alphavirus vector for porcine 
epidemic diarrhea (PED). Although VLP is classified as a killed-virus vaccine, because its 
structure is similar to the original virus, it can induce long-term and cell-mediated immunity. 
The RNA particle vaccine used a Venezuela equine encephalitis (VEE) virus gene as a vector. 
The VEE virus partial gene can be substituted with the PED virus spike gene. Recombinant 
vaccines can be produced by substitution of the target gene in the VEE vector. Both of these 
new vaccine technologies made it possible to control the infectious disease efficiently in a 
relatively short time.
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tion, the World Health Organization (WHO) guideline re-

quires detailed, extensive information, specifically for safety, 

which is only available from vast clinical studies. Therefore, 

human vaccine development is very expensive and time con-

suming. These factors are a large obstacle, resulting in a re-

duction in the vaccine research and development industry. 

However, for animals, these new technologies and various 

adjuvants have already been used. Before using new types of 

vaccines or their components for humans, it is very useful to 

use them for animals as a transition study. Through animal 

vaccine trials, we can obtain valuable information that could 

be applied to human vaccine development [4]. 

 Most of the newly emerging life-threatening infectious dis-

eases (severe acute respiratory syndrome, avian influenza, 

Ebola, Middle East respiratory syndrome, etc.) are zoonoses, 

which are transmissible diseases caused by contact with all 

types of pathogens, including bacteria, viruses, parasites, and 

fungi. Over 200 diseases are currently classified as zoonoses, 

which are global or inherent to a specific region of the world 

(WHO 2015). There are numerous modes of zoonotic disease 

transmission. Human can be infected through insects such as 

mosquitoes and ticks, handling or eating undercooked or raw 

meat, or coming into contact with the blood, urine, or feces of 

an infected animal. Regarding the progress of zoonoses, hu-

man-animal contact plays an important role. Considering the 

diversity of transmission, the relationship among humans, 

animals, and the source of the disease, zoonoses exert a tre-

mendous impact on public health. Therefore, the develop-

ment of animal vaccines has a critical function to prevent hu-

mans from infection with pathogens by removing the root 

cause of the infected animal. New upcoming agents could be 

prevented with effective animal vaccines developed against 

such pathogens timeously. Simultaneously, as the frequency 

and administration of animal vaccines increase, the influence 

of animal vaccines on public health expands [5]. 

 Considering the diversity of transmission modes, the rela-

tionship between human and animals, and source of the dis-

ease, we need to focus on animal disease and vaccine technol-

ogy for public health. In the present paper, two new vaccine 

technologies in industrial animal vaccines are introduced.

Virus-like Particle Vaccine for Porcine Circo-
virus-Associated Disease

In Saskatchewan, Canada, a new swine disease was reported 

with clinical signs including progressive weight loss, tachy-

pnea, dyspnea, and jaundice [6]. However, the causative 

pathogen was initially unknown. However, in 1998, the new 

virus, only 17 nm in size, was identified, with similar features 

to the porcine circovirus identified by Tischer in 1982 [7]. 

Lyoo et al. [8] identified and reported this disease as the first 

porcine circovirus-associated disease (PCVAD) case in Korea 

[8]. Porcine circovirus infection rate increased dramatically 

and its symptoms have become more severe since 2004. The 

representative clinical signs and histological characteristics 

are explained in Fig. 1. Conventional farm mortality resulting 

from PCVAD ranged from 20% to 60%, affecting the Korean 

swine industry severely. 

 From 2008, porcine circovirus type 2 (PCV2) vaccines from 

global vaccine manufacturers were administered at swine 

farms. After beginning PCV2 vaccination, farm swine mortal-

ity decreased dramatically. Despite these PCV2 vaccines be-

ing killed vaccines, they showed effective disease preventive 

efficacy. We compared the PCV2 virus detection rate in abor-

tion cases, as a good example of PCV2 vaccine efficacy be-

cause the PCV2 virus can infect the fetus during pregnancy 

[9]. Before PCV2 vaccine inoculation, the detection rate of 

PCV2 in fetuses was 58.9%. However, in 2012, the detection 

rate of PCV2 in fetuses decreased to 0.9% (Fig. 2). The killed 

PCV2 vaccine made this possible because they were made 

Fig. 1. Porcine circovirus type 2 (PCV2) affected pigs. (A) The pigs showed severe wasting symptoms. (B) The lymph node showed lymphoid 
depletion with histiocytic infiltration in lymphoid follicles (H&E staining, scale bar = 50 μm). (C) Many PCV2 antigens (brown diaminobenzidine 
reaction) within the cytoplasm of histiocytic cells were observed in the lymphoid follicles (immunohistochemisty, scale bar = 50 μm).
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from PCV2 virus-like particles (VLPs). As the PCV2 VLP is 

able to show similar immunogenicity with the native PCV2 

virus, the sera induced by PCV2 VLP can show strong reac-

tions with naïve PCV2 antigens [10]. 

 The immunogenic antigen in the VLP vaccine can main-

tain the native antigenic conformation and mimic the whole 

structure of the wild virus but as they lack viral nucleic acids, 

they are not infectious [11]. The VLP vaccine is a category of a 

subunit vaccine and can be produced using recombinant 

protein technology without a viral replication system (Fig. 3) 

[12,13].    

 Subunit vaccines have one important disadvantage. The 

expressed proteins are not as immunogenic as original viral 

components. So, more antigens must be used for the same 

level of protection. For the VLP vaccine, as VLP has similar 

structure to the original virus, it can elicit stronger humoral 

immunity with lower quantities of antigen than pre-existing 

killed or subunit vaccines [14]. Furthermore, as VLP does not 

contain the any genomic material, it is a very safe vaccine 

without the risks associated with virus replication of incom-

plete inactivation. 

 However, the most important advantage of the VLP vac-

cine is that it can stimulate B cells and proliferate CD4 and 

cytotoxic T-lymphocyte responses [15]. But, the stimulation 

of B cells by VLPs is strong enough to elicit T cell independent 

IgM antibody induction [16]. 

 The structure of VLP is large and unique to microbes, so 

mammalian immune systems respond to it vigorously due to 

antigen arrangements [12]. Why does the antigen arrange-

ment affect the immune system? The influence of antigen 

epitope density and order on B-cell induction and antibody 

production was assessed and showed that highly organized 

antigens can respond promptly [17]. As VLPs are comprised 

of one or more proteins arranged geometrically into dense, 

repetitive arrays, it can induce a strong immune response 

[12]. In addition to inducing strong B-cell responses, VLPs al-

so can induce T-cell responses efficiently through interac-

tions with antigen presenting cells, particularly dendritic 

cells, and VLPs are processed and presented by MHC II mol-

ecules for the activation of T-helper cells [12]. VLP antigen 

can stimulate dendritic cells to induce more rapid, stronger, 

and protective cytotoxic T-lymphocyte responses by class I 
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Fig. 2. Porcine circovirus type 2 (PCV2) detection rate in aborted fet-
uses using polymerase chain reaction. PCV2 virus can infect the fetus 
and cause abortion. After beginning PCV2 vaccine inoculation, PCV2 
positive rates decreased from 58.9% to 0.9%.

Fig. 3. Characterization of porcine circovirus type 2 (PCV2) virus-like particles (VLPs). (A) Baculovirus and PCV2 VLPs are observed by scanning 
electron microscopy. Baculovirus and PCV2 VLPs were cultured in the sf9 insect cell line (scale bar = 200 nm). The original size of PCV2 is ap-
proximately 15-20 nm in diameter [13]. The visible PCV2 VLPs were similar to authentic PCV2 particles in size and morphology. (B) A PCV2 VLP 
cluster was observed inside a sf9 cell by transmission electron microscopy (scale bar = 2 µm). 
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presentation [18]. 

 Recently, various animal vaccines have been developed as 

VLP forms. In 2012, the foot and mouth disease (FMD) virus 

serotype O VLP vaccine was developed by scientists in India 

[19]. As that VLP vaccine was made with a baculovirus ex-

pression system in an insect cell, it did not require a bio-safe-

ty level three barrier facility for production. The following 

year, the Pirbright Institute (UK), published research regard-

ing a new FMD VLP vaccine [20]. The neutralization antibody 

titer greater than 5.5 (Log 2) is considered to be protective, 

but the new FMD VLP vaccine could maintain neutralization 

with antibodies greater than 6 (Log 2), up to 22-week post-

vaccination [20]. These research results are significant for in-

dustrial animals. The new VLP technology makes it possible 

to manufacture dangerous virus vaccines that are only ap-

proved in high-level barrier facilities without infection risks. 

Therefore, VLP vaccine technology can be a very promising 

tool for disease prevention in industrial animals. 

RNA Particle Vaccine for Porcine Epidemic 
Diarrhea

In May 2013, porcine epidemic diarrhea (PED) case was re-

ported in the United States for the first time [21]. As PED is an 

acute and very contagious disease, it caused significant eco-

nomic loss to the swine industry [22]. Pregnant sows infected 

with the PED virus during the first 30 days of gestation had a 

12.6% decrease of farrow rate (from 91.1% to 78.5%). The num-

Fig. 4. Comparison of porcine epidemic diarrhea (PED) affected (A, C) and non-porcine epidemic diarrhea virus infected (B, D) piglets. (A) The 
walls of the small intestine were thin and transparent. (B) No remarkable changes were found in the small intestine. (C) Severe villous atrophy 
and degeneration of epithelial cells were observed in the small intestine (H&E staining, scale bar = 100 μm). Insert: PED antigens showed the 
apical portion of epithelial cells of atrophic villi (arrow, immunohistochemistry). (D) The villous height/crypt depth ratio was the range of normal 
sucking piglets (H&E staining, scale bar = 100 μm). 
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Fig. 5. Piglet survival rate post–porcine epidemic diarrhea (PED) virus 
(PEDV) challenges in PEDV naive dams with or without alphavirus 
vector PED vaccine inoculation. The no vaccinated group showed 
80% mortality but the vaccinated group showed 20% mortality (cour-
tesy of Harris Vaccine Inc., Ames, IW, USA [not published]).

ber of piglets born alive decreased from 10.7 to 8.5 (piglets/

litter) in gilts’ litters [23]. The clinical signs and histological 

characteristics of PED are explained in Fig. 4. As PED had not 

broken out in North America before, unfortunately there were 

no vaccines available in the US animal medicine market.

 One US venture company, Harris Vaccine Inc., employed 

alphavirus vector technology to produce a PED vaccine. In 

June 2014, a new PED vaccine became the first PED virus 

vaccine to receive a conditional US Department of Agricul-

ture license since the first PED outbreak (Fig. 5). Alphavirus 

vector technology was used for cluster IV H3N2 influenza 

vaccines without adjuvants [24]. 

 Alphaviruses belong to the family Togaviridae. The mem-

bers of Alphavirus possess a single-stranded RNA with the 

nucleocapsid surrounded by a membrane protein [25]. 

Among 26 currently recognized members, Venezuelan 

equine encephalitis (VEE) virus, which causes epidemics in 

horses and humans, was chosen as the vaccine vector [26]. 

Attenuated VEE strains were used for high-level heterologous 

gene expression vectors as a naked RNA vector, replication 

deficient recombinant particles, and layered DNA vectors 

[27]. For an emergency PED vaccine, replication deficient re-

combinant particles were used resembling the VLP form.

 Various viral structural proteins including the influenza vi-

rus are targeted for vaccine development with alphavirus 

vectors [28,29]. 

 The alphavirus vector vaccine has shown its efficacy in 

protection against challenges with the H5N1 virus in chick-

ens [29]. The alphavirus vector has shown cellular or humoral 

responses and protection against lethal dose virus challeng-

es, non-viral pathogens (like bacteria), and even cancers [27]. 

Additionally characteristics of RNA particle vaccines based 

on the alphavirus vector were explained in Table 1. 

 Primarily, the alphavirus vector vaccine can make it possi-

ble for vaccinations in emergency situations. From US PED 

cases, it was possible to produce the PED vaccine in 13 months 

by substitution of the interest gene into the alphavirus vector. 

For a highly pathogenic influenza outbreak, to produce an 

emergency vaccine is indispensable, but, with traditional vac-

cine manufacturing methods like virus isolation and inacti-

vation, it is too time-consuming. Therefore, recombinant vac-

cine technology, like the RNA particle vaccine, can be helpful 

tools for the prevention of various infectious diseases.

Conclusion 

Historically, the early version of human vaccines and tech-

nologies were developed or discovered based on animals, for 

example, the smallpox and fowl cholera vaccines. Recent ani-

mal vaccine markets can be a good test market to evaluate 

the new technologies before adopting those new technolo-

gies directly to humans. In actual cases, many new vaccine 

technologies were used for animal vaccines. The most dra-

matic changes in recent animal vaccines were the usage of 

VLP-form vaccines for PCV2 and RNA particle vaccines that 

are produced from gene combinations of vectors and patho-

gens. As these vaccines are made from the baculovirus in in-

sect cells and the VEE virus, respectively, they can reduce the 

time for development and make it possible to produce the 

highly pathogenic vaccine antigens, like the FMD virus, with-

out high-level barrier facilities.

 The most important advantage of these vaccine technolo-

gies allow us to confront viral diseases, like the influenza virus 

that is hyper-variable, in a relatively short time. Based on these 

experiences and technologies for animals, effective preventive 

tools that are beneficial for human disease can be developed. 

Table 1. Comparison of the RNA particle vaccine to traditional vaccines

Variable
Traditional  

vaccine
RNA particle 

vaccine

Killed virus Modified live Extract antigen RNA particle

Humoral immunity + + + +
Cellular immunity - + - +
May cause disease - + - -
Grow agent + + + -
Adjuvant required + - + -
Emergency vaccine - - - +
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