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Abstract
Vaccines are a biological preparation that provides active acquired immunity to a particular disease. They can be produced by using

different methods of which the egg-based vaccines, cell-based vaccines, and vaccines produced using investigational-manufacturing

(plant, bacterial culture and insect cell) systems are some to mention. The technology of the use of plants as a bioreactor to produce
human or animal therapeutic vaccines receives increasing attention. Many of these subunit vaccines have been purified and also ad-

ministered orally in a non-purified form as a food or feed product and this review mainly focuses on edible vaccines. Antigens from
several human and veterinary pathogens have been expressed in transgenic plants, including Norwalk virus, rabies, measles, hepa-

titis B, anthrax, infectious bursal disease virus, and avian influenza virus. Production of edible subunit-based recombinant vaccine
proteins in the form of leaves, seeds or fruit is expected to be cost effective, and products will be easily stored and transported under
limited refrigeration without degradation. Administration of commercial edible vaccines will require significantly less labor and

technical training of medical and veterinary personnel. Despite these promising attributes, there still remain concerns and challenges
with edible vaccine development, such as achieving maximum expression levels, possible immune tolerance and allergy, as well as

cross contamination concerns. Edible plant-derived vaccines may lead to a future of safer and more effective immunization practice.
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Introduction
Vaccines are a biological preparation that provides active acquired

process, inability to replicate in embryonated eggs and large num-

vaccines, cell-based vaccines, and vaccines produced using inves-

sents one of the most cost-efficient tools to combat and eradicate

immunity to a particular disease by stimulating the antibodies production in animal and humans against several diseases. Egg-based

tigational-manufacturing systems are some methods to mention
(Doshi et al., 2013). The egg-based vaccine produced in 9-to-12

day-old embryonated eggs have some drawbacks such as lengthy

ber of eggs are required (Greer, 2015). Whereas cell based vaccine

uses high priced fermentation technology. So, vaccination reprediverse pathogenic and/or infectious agents spread around the
world (Gomez et al., 2010).
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Owing to these limitations other alternative investigational-man-

sequence of four chemical bases (adenine, cytosine, guanine, and

al., 2011). Of which plant-based vaccine production has received

sembly of a specific protein. The proteins then function as enzymes

ufacturing system, which utilizes plant, bacterial culture, or insect

cells, have recently gained the attention of researchers (Penney et

particular attention due to the numerous advantages it may offer.
Plant can be used as bioreactor (transgenic plants which can be

used to produce the proteins or peptides encoded by the introduced
foreign genes) in vaccine production against animal and human dis-

eases. Recently advances in plant genetic engineering technology

thymine) along the length of the DNA molecule. Genes are discrete
segments of DNA that encode the information necessary for as-

to catalyze biochemical reactions, as structural or storage units

of a cell for contributed expression of a plant trait (Yoshi Matsu,
2012).

have changed the concept of growing crops from food supply to a

bioreactor for the production of therapeutic recombinant proteins
and plant-based vaccines Here plants are used as bioreactors to
express antigen proteins triggered by plant transgenic vectors to

produce vaccines. As eukaryotic organisms, plants can synthesize,
express, and process complex heterologous proteins similarly to

conventional, fermentation-based expression systems (Rybicki,
2010).

The first demonstration of expression of a vaccine antigen within

plants occurred in 1990 when Curtiss and Cardineau expressed the

Streptococcus mutans surface protein antigen A (SpaA) in tobacco
(Curtiss andCardineau,1990) followed by plant expression of the
hepatitis B surface antigen and the E. coli heat-labile enterotoxin

responsible for diarrhea (Walmsley and Arntzen,2000). Livestock

have been fed transgenic plants like alfalfa, expressing antigens to
protect them from various pathogens, including foot-and-mouth

disease virus (FMDV), bovine rotavirus (BRV) and bovine viral diarrhea virus (BVDV) (Wu et al., 2004).To the best of our knowledge
there are limited written materials regarding plant based vaccine

development and application Therefore the objective of this review
paper is to review on plant based vaccine, method of development
and its application in both human and veterinary medicine.
Developing Process Of Plant Based Vaccine

Careful selection of one or more immune protective antigens and

designing of genes and promoters that would express the antigen(s)

Source: Adapted from Mason and Arntzen, 1995

Figure 1: Process of producing transgenic plant vaccines.
Plant Selection
The level of expression, processing, storage, type, delivery methods

and the major diet of the target individual are the basis to select a
particular plant (Daniell et al., 2001). Different plants have been

demonstrated for production of recombinant proteins in plants,
including leafy crops/plants, dry seed crops, fruits and vegetables
(Fischer et al., 2004). The best plant used for vaccine should have

expression in edible tissue that can be consumed uncooked, easy
for transformation amenability, target tissue to be rich in protein,

target tissue should not produce toxic molecules, correct folding

of the antigen protein and desired post-translational modifications
should be allowed (Floss et al., 2007).

at a high level in target plant tissue followed by genetic transforma-

Vegetables

1).

because many of them are appetizing, free of toxicant, full of nutri-

tion and foreign antigen extraction and Immunogenicity assay are

the key steps in the development process(Floss et al., 2007) (Figure

Some vegetables are used as the receptor of plant-derived vaccines

Selection of the Desired Gene

persiconesculentum) and carrot (DaucuscarotasubspeciesSativus)

The underlying reason that transgenic plants can be constructed

is the universal presence of DNA (deoxyribonucleic acid) in the

cells of all living organisms. Genetic information is specified by the

ent and freshly edible. Potato (Solanumtuberosum), tomato (Lycohave already been reported to successfully express vaccine candidates (Walmsley and Arntzen, 2000). The main problem here is low
expression level (Koprowski, 2005).
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Tobacco (Nicotianatabacum) and Alfalfa (Medic ago sativa) are the

Selection of Promoter
This is the most important part for successful genetic transforma-

be cropped several times every year. The main limitation is limited

terns of foreign gene. Promoters act as a gene switches which turn

two major leafy crops used for the production of recombinant proteins. Both have high leaf biomass yields in part because they can
shelf life for the harvested plant. This can decrease the product

yield because these recombinant proteins exist in an aqueous environment and are relatively unstable (Conrad and Fiedler, 1998).
Dry seed crops

Dry seed crops that have been used as host plants for molecular

farming include the cereals maize, rice, wheat and barley and the

grain legume soybean, pea, pigeon pea and peanut. Maize, rice,
wheat, barley, soybean and pea have been investigated as general

production platforms, while pigeon pea and peanut have been used
only for the expression of animal vaccine candidates. The major
advantage of all seed crops are that the accumulation of recombi-

nant proteins specifically in the dry seeds. Therefore, although seed

biomass yields are smaller than the leaf biomass yields of tobacco

and alfalfa; this is balanced by the increased stability of the proteins
(Sack et al., 2000). Seeds are natural storage organs, with the optimal
biochemical environment for the accumulation of large amounts of

protein. In the best cases, recombinant proteins expressed in seeds
have been shown to remain stable and active after storage at room

temperature for over three years. The accumulation of proteins in

the seed rather than vegetative organs also prevents any toxic effects on the host plant. Finally, the extraction of proteins from seeds
is easy because the target protein is concentrated in a small volume

part of the plant. Additionally most cereal seeds lack the phenolic
compounds which interfere with processing. The seed proteome is

also simple product which will co-purify with the recombinant protein during downstream processing (Vaquero et al., 2000).
Fruits

Banana (Musa acuminate) is one of the earliest fruits used for
plant transgenic programs. Promoter MaExp1 is considered as an
important tool for expressing foreign proteins (vaccine) in banana

fruit at the time of ripening (Mason et al., 2002). Papaya (Carica

papaya) is also a widespread tropical and semi-tropical fresh edible

fruit which is important to produce vaccine (Sciutto et al., 2002). In
these cases no need of cooking which is an important advantage of
using them to protect heat sensitive vaccines (Lal et al., 2007).

tion and the expression of gene. Coding region of gene with sustain-

able promoter can increase and adjust the expression level and paton the genes so that to determine when, where, how much and how
for these genes were remained turned on. A complex intercommu-

nication network was formed from these gene conversations that

facilitate the tens of thousands of genes to work in a consistent expression mode in an organism (Shinozaki et al., 2003). Based on
their activities promoters can be of constitutive, tissue specific and

inducible promoters. Constitutive promoters are used when the
expression of gene is required all the time and anywhere in the

plant. The cauliflower mosaic (CaMV) 35S and maize ubiquitin-1
promoter (ubi-1), for dicots and monocots, respectively are common plant promoter that is used for constitutive over expression

of specific genes(Fischer et al., 2004).Tissue specific promoters are
used to control gene expression in particular plant tissue at par-

ticular developmental stage. Promoters from E8 gene and French
bean b-phase Olin gene one are most commonly used fruit and seed
specific promoter respectively (Nicholas et al., 1995; Vander et al.,
1997).

Whereas inducible promoters are used for expression of gene at

certain condition activated by various stimuli like plant hormones,
chemicals and various abiotic and biotic stresses. The maize inducible 2-2 and peroxidase gene promoters can be mentioned as an
example here (Veylder et al., 1997; Ma et al., 2003).
Gene insertion and Expression System

Four methods of gene expression have been used so far for the purpose of recombinant protein production in plants. These are stable

nuclear transformation of a crop species (field or a greenhouse
grown) stable plastid transformation of a crop species, transient

transformation of a crop species and stable transformation of a
plant species (Nikolov and Hammes, 2002).

The Stable nuclear transformation method involves the incorpora-

tion of a foreign gene of interest into the nuclear genome of the

plant. This alters the genetic makeup and leads to the expression
of the transgene after integration with the host genome. This system requires a method for transferring the foreign genes into the
plant cells, usually using Agro-bacterium tumefaciens or particle

bombardment, in which the genes are taken up and incorporated
into the host nuclear genome in a stable manner(Horn et al., 2004)
(Figure 2).
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Source: https://www.researchgate.net/publication/281608144
Figure 2: Nuclear transformation system.

The Stable plastid transformation is another method of introducing

after separation and purification. The second one is direct use of

provides a valuable alternative to nuclear transformation because

(Lamp hear et al., 2004).

DNA into the chloroplast genome, usually by particle bombardment
(Figure 3) and Agro-bacterium tumefaciens (Figure 4). This system

of no cross pollination problem as plastids are inherited through
maternal tissues in most species, hence the transgene may not be

fresh edible plants or plant tissues to congregate the interest protein as oral/edible vaccines without isolation and purification
Purification of Plant-Based Vaccines

transferable, thereby alleviating public concerns. The limitation of

The high cost of pharmaceutical protein production is because of

traction and purification must be performed at very specific times

such as influence of polyphenols, alkaloids, quinonoid compounds

this method is fresh tissue molecular farming system protein sta-

bility over time will change even with refrigeration. Therefore exfollowing harvest (Meyers et al., 2010).

The Transient expression system is perhaps the fastest and the
most convenient production platform for plant molecular farming
(Rybicki, 2010).The most commonly used expression methods are

Agro infiltration, Virus infection and the magnification technology
(Vezina et al., 2009).

The agro-infiltration method involves infiltration of a suspension
of recombinant Agro-bacterium tumefaciens into tobacco leaf tissue, which facilitates the transfer of T-DNA to a very high percentage of the cells, where it expresses the transgene at very high levels.

This method has now been developed into a very rapid, high-yielding transient expression strategy for producing clinical grade bio-

pharmaceuticals (Vezina et al., 2009; Pogue et al., 2010). The virus

infection method is dependent on the ability of plant viruses such

as tobacco mosaic virus (TMV) and potato virus X (PVX) to be used
as vectors to deliver foreign genes into plants, without integration

the difficulty of purification of the recombinant proteins. There are

many problems for purification of recombinant proteins in plants,

and some other secondary metabolites. Therefore novel recombi-

nant protein purification strategies, which do not require the ap-

plication of expensive column chromatography, may be used. For
example: The use of a protein-based polymer with inverse tempera-

ture transition properties to purify pro-insulin expressed by chloroplast vectors via simple centrifugation is a major accomplishment

(Daniell et al., 2005). Foreign proteins expressed in seeds assure ex-

cellent storage properties and thus added flexibility in processing
management and batch production (Baez et al., 2000). Alternative

methods including the use of oleo sin or polymer fusions to facili-

tate purification of recombinant proteins may also be applicable to
antibody molecules (Schillberg et al., 2005) and finally the expen-

sive step of purifying recombinant proteins could be eliminated if

the protein assembled exclusively at edible tissues (tomato, potato,
banana, and papaya etc). Oral delivery of the recombinant proteins
could cut down 90% of the production costs (Daniell et al., 2001).

(Porta and Lomonossoff, 2002).

Production and Delivery
Currently there are two investigations directed to transgenic plant

vaccines production. The first is the use of plants to produce plentiful foreign antigen protein, and then manufacturing into vaccines
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Figure 3: Stable plastid transformation by using particle bombardment.
Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3048312

Figure 4: Stable plastid transformation using Agro-bacterium.
Source: https://futurism.com/genetic-engineering-a-primer

Oral Delivery, Mucosal and Systemic Antibody Responses

Delivery by needles is a particular problem in developing coun-

mucosal immunity is best achieved by direct oral vaccine delivery

ered orally or via an intranasal spray without needles, thus making

the predominant antibody isotope in mucosal secretion (Walmsley

tries, where safe injection practices cannot be guaranteed, especially when needles are reused. Plant based vaccines can be- deliv-

vaccines cheaper, safer, and more efficacious. As most infectious
agents enter the body through mucosal membranes induction of

to mucosal surfaces because edible vaccines come in contact with
the lining of the digestive tract. This stimulates production of IgA,
et al., 2000).
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The induction of immunity is notoriously difficult to achieve through

al., 2004). Another vaccine was prepared against infectious bursal

intestinal pathogens has generally been quite poor. Edible vaccines

transgenic rice seeds and protected to a similar level achieved with

injections, which by pass mucosal barriers. In part, this accounts
for the reason as to why the efficacy of injectable vaccines against

also have positive implications for livestock welfare, as they could

be administered directly in the diet, eliminating the need to confine
the animal, or the need to breach the skin through injection, a prac-

tice that can promote secondary infections. Oral administration of
vaccines eliminates the risks that injection-based methods pose on

meat quality as a result of intramuscular administration. The major

obstacle to oral vaccination is the digestion of the antigenic protein
in the stomach. Vaccines derived and delivered by plant cells have
been shown to overcome this problem through the protective effect

of the plant cell wall. Like liposomes and microcapsules, the plant
cell wall allows gradual release of the antigen onto the vast surface

disease virus (IBDV) with plant made VP2 protein. The chickens

were orally immunized with Arabidopsis crude leaf extracts or

a commercial injectable vaccine (Gomez et al., 2013). For Newcastle
disease plant cell culture based vaccine have been tried and ap-

proved by FDA in 2006. This vaccine was composed of recombinant

hem-agglutinin-neuraminidase protein expressed in transgenic
tobacco suspension cells and formulated as an injectable vaccine.
Other studies on Newcastle disease virus include expression of full-

size glycoproteins in transgenic potato and tobacco leaves, maize

and rice seeds. The antigens were shown to be immunogenic and
protective in chicken safer oral delivery (Joensuu et al., 2008).
Plant based vaccine against swine diseases

area of the lower digestive tract (Sala et al., 2003).

Plant based vaccine have been used for various swine diseases. A

Plant based Oral vaccines are potentially applicable to any vaccine

envelope spike protein was used as an antigen to raise neutralizing

Application

formulation based on or including a subunit component. Plants

allow for the rapid bulk up of large supplies of subunit vaccines,

for example a 40,000-fold increase per year is possible using corn.
Therefore, oral vaccines are particularly applicable to combating

diseases that affect very large populations. Furthermore, oral plant-

based vaccines are stable during storage at ambient temperatures

and do not require syringes, needles and trained personnel for
administration. These features also favour the use of oral vaccines

for large-scale immunization programmes, particularly in develop-

ing countries with limited resources to provide a cold chain and
the equipment and personnel needed for injections and to protect

against sudden outbreaks of disease in developed countries as a result of, terrorist actions. This can have both in animals and human
application which are discussed below (Lamphear et al., 2002).
Application in Veterinary Medicine

The concept of using plants as expression hosts for veterinary sub-

unit vaccines has been studied extensively within the past two decades. Below are some vaccines used in veterinary medicine:-

maize seed as an edible delivery vehicle against porcine Transmis-

sible gastroenteritis corona virus (TGEV) has been used. In this case
antibodies of piglets (Lamp hear et al., 2004). Post-weaning diar-

rhea in piglets caused by Enterotoxigenic E. coli (ETEC) has been
also a target for a plant-made vaccine by expressing subunit protein

of ETEC F4 fimbriae in the leaves of tobacco alfalfa and in seeds
of barley and showed immunogenicity and partially protective af-

ter oral delivery to weaned piglets (Kolotilin et al., 2012). Another
plant based vaccine was also prepared by using capsid protein VP1

antigenic epitope of the of Foot and- mouth disease virus (FMDV)

which is propagated in plants by using bamboo mosaic virus coat
protein. It was demonstrated that immunization with the extracted

chimeric virions by intramuscular injection could fully protect pigs
against FMDV challenge by effectively inducing hum oral and cellmediated immune responses (Yang et al., 2007).
Plant based vaccine against cattle diseases

Immunogenicity of a Tobacco mosaic virus (TMV)-based vaccine
against bovine herpes virus (BHV) (Perez et al., 2003), the structural protein E2 of BVDV in transgenic alfalfa (Aguirreburualde et

Plant based vaccine against poultry diseases

al., 2013), and that of B. anthracisin transgenic tobacco, potato and

An edible potato-based vaccine against chicken infectious bronchi-

humoral and cell mediated immune system depending on the type

tis virus was developed by sliced tubers expressing viral S1 glyco-

protein (IBV). Orally immunized chickens developed a virus-specific antibody response and were protected against IBV (Zhou et

tomato plant shave been developed by different researchers in different corners of the world. These can have the ability to act at both
of vaccines (Aziz et al., 2005).
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Application in Human Medicine
There are many plant based vaccine developed toward human

pathogen of which some of them are described below: Cholera

toxin B subunit (CTB) of V. cholera is a plant based vaccine which is
responsible for inducing both mucosal and serum immunity. Since

the cholera toxin is internalized by the receptors present on mucosal lining, the CTB was one of the early toxins selected for test-

ing the concept of edible vaccines. Here nuclear transformation of

tobacco plant was reported using Agrobacterium tumefaciens carrying a gene encoding the CTB engineered with a sequence specific
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contamination risks (No chi et al., 2007), multi-component ability
(allow for several antigens to approach M cells (micro fold cells)

simultaneously and good efficiency to provoke a mucosal immune
are among the advantages of edible vaccines (Lal et al., 2007).

The limitations are low level of expression of heterologous proteins

, proper dosage problem, it may trigger immune tolerance, Cross
pollination of transgenic plant to other food crops, Gene silencing

issue and effects on insects and soil microbes are the major once
that hinder the progress (Tiwari and Verma, 2009; Desai,2010).

for an endoplasmic reticulum localization signal (SEKDEL) under

Conclusion and Recommendations

Recently an Ebola virus subunit vaccine has been generated using

on a large scale at a relatively low cost compared to other production

the control of CaMV35S promoter (Jani et al., 2004).

a plant Gemini virus-based expression vector. The construct was

attained by fusing the glycoprotein (GP1) of Ebola virus to the C
terminus of the heavy chain of an IgmAb that is specific for GP1
(Phoolcharoen et al., 2011). Tobacco leaves that expressed the

vector containing this construct produced a fully assembled IgG
molecule that could be harvested and purified. The purified immunoglobulin was injected into mice and generated an antibody

response comparable to that produced with a VLP. This vaccine has
also been generated in lettuce (Lai et al., 2012).

The Human papilloma-virus HPV type 11 (HPV11) L1 major capsid
protein coding sequence inserted into potato plants was used to

develop transgenic potato plant and fed to mice which resulted in
an activation of anti-VLP immune response that was qualitatively

similar to that induced by VLP parental administration. This im-

mune response in mice was enhanced significantly by subsequent

oral booster with purified insect cell-derived VLPs expressed

HPV11 L1major capsid protein in transgenic A. thaliana and N. tabacum (Kohl et al., 2007).

Advantages and Limitations of plant Based Vaccine
Plant based edible vaccines have many advantages over the inject-

ed vaccines like those edible vaccines are cost and time effective, in

many cases; it costs significantly less to grow plants with the ability to produce pharmaceutical proteins in large quantities because

plant-based techniques requires soil rich land instead of machineries and does not need cold chain storages. Plant-made pharmaceutical production can be more easily expanded to provide larger

quantities if demand for the vaccine increase. Additionally low cost
for medical equipment, Medical professionals are not a must, low

Plants have the potential to rapidly produce recombinant proteins

systems. The basic advantage of using plants as vaccine production
system is that plants being higher eukaryotes provide opportunities for unlimited production, the range and diversity of recombi-

nant molecules namely peptides, polypeptides and complex multimeric proteins that cannot be made in microbial systems. On all

accounts, the application of plant expression systems to produce

human or animal vaccines have a lot of advantages, such as low cost
of production, well-established cultivation, rapid scale-up, simple
distribution by seeds, ease of genetic manipulation, oral delivery

and low-health risks from human pathogen and toxin contamination, etc. so using plant-derived vaccines may lead to a future of
safer and more effective immunization practice.

Based on the above concluding remarks the following recommendations are suggested.
•
•
•
•
•

Research should be done in developing Plant based vaccine in
countries like Ethiopia.

Research centers and vaccine production centers should fo-

cus on this area as it is very use full as compared to the other
methods.

High expression level should be gained by using novel promoters and increasing protein stability.

Higher institutions teaching veterinary medicine and human
medicine should incorporate related courses in the curriculum.

Issues, such as the biosafety, uniformity of dosage, the regulatory guidelines, the potential presence of herbicide, and pesticide residues should be seen carefully.
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