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ABSTRACT 

Transgenic plant vaccines or simply edible vaccines consist of genetically modified 
products obtained by incorporating the genes of interest into some plants encoding 
specific antigen causing the disease. Compared to previously existing traditional 
vaccines the edible vaccines offer several advantages as safe, cost-effective, easily 
administrable, storable etc. Oral administration of these vaccines stimulates both 
mucosal (IgA mediated) and systemic (IgG mediated) immunity and therefore 
provides an improved mean to fight against infectious diseases. In addition to that the 
plants aid in preserving the antigenic possessions of such vaccines even after 
subsequent ruin in intestine. Some plants that have been used as edible vaccines 
recently in some part of the world include corn, bananas, potatoes, tomatoes etc. 
Despite of such advantages over the traditional vaccines, there exist tremendous 
challenges in the successful production and broad implementation of these 
third-generation vaccines. However, it has been considered that, there are numerous 
risks throughout the manufacture and distribution phases of this acquaintance, with 
possible impression on the atmosphere and on human health. Incessant efforts are 
continuing in several parts of the world to fabricate effectual plant vaccines for many 
anthropological and animal associated diseases. This paper analyses the current 
conservative approaches as well as the progress exertions by scientists to recover 
the creation of plant-based vaccines. This article further highlights on the jeopardies 
allied with the invention and manufacturing of these vaccines and how they can be 
controlled through suitable governing actions at all phases of manufacturing and 
delivery.  
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INTRODUCTION 

Infectious diseases have become one of the greatest threats to the humanity in the 
present scenario. Every year in some corner of the world, new pathogens are being 
discovered, responsible for triggering some incurable life-threatening diseases. 
Vaccines have been used since long to prevent the manifestation of these transmittable 
ailments. Through the progress of vaccine technology and some global immunization 
programs, we could be able to eradicate completely some of the most dangerous, 
disabling and life-threatening infectious diseases such as smallpox from the world [1, 2]. 
Initially developed bacterial vaccines get transformed into more efficient subunit vaccine 
in due course nonetheless these products could not be easily accessible especially to 
the poor communities in the developing countries across the world because of their high 
production costs. Some statistics report that, 20% of infants remain un-immunized 
across the globe every year which lead to roughly two million needless demises every 
year [3]. The reason behind such grief events may be due to severe delineation in the 
herd immunity arising due to the restrictions on vaccines production, distribution and 
delivery across the world [4]. Besides being expensive, old-style vaccines usually 
comprise of deactivated or weakened pathogens and thus are not exclusively safe and 
sound. For example, type II vaccine-derived polio was first detected in Nigeria during 
2006, became endemic in Africa and such cases are still found in many parts of the 
world today [5]. Hence, there is an urge to quest for some effortlessly administrable, 
storable, harmless and bio responsive natural vaccines to improve the current 
vaccination trends [6, 7]. Therefore, it was envisaged that plants could prove to offer a 
promising platform for an efficient production system for the third-generation vaccines 
i.e. the edible vaccines8.These vaccines have several rewards over outdated ones, 
such as low cost, ease of transportation and preservation, higher yield value due to 
large biomass of cultivation [8]. Apart from this, due the presence of plant cell wall they 
serve as a sustained-release outcome for the administration of the antigen to ensure 
maximum antibody titer in the blood [9,10]. 

Till today numerous plant vaccines have been formed and many of these have been 
tested clinically for their safety and efficacy at different phases of clinical trials. Most of 
these vaccines are usually produced in Nicotiana plants.  To date, scFV mAb utilized in 
the making of a recombinant HBV vaccine in Cuba and Newcastle disease virus (NDV) 
vaccine for fowls are the only two licensed plant vaccines permitted by the US 
department of agriculture (USDA) [11]. As they are categorized beneath the genetically 
modified crop class, they are not accepted widely by common people [12]. This may be 
because, of public fallacy as to how these vaccines will be delivered in a real-world 
sense. However, with additional expansion of the technology, investigators and 
controllers emphasized that to govern the level of revelation, boundaries on transfer 
would be required. Hence, the pattern of edible vaccines administration involving 
ingestion of biologically engineered fruit/vegetables/cereals will be prescribed by a 
health care operative. This pattern was inescapably enforced to additionally advance to 
encounter typical rations for pharmaceuticals, to remove dose inconsistency. In such 
case, the final artefact possibly will not be detectable as a plant material, moderately a 
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packed pill/capsule. This existing pattern specifies that transgenic plant made vaccines 
are not just any food ingredients and therefore they will have to meet guidelines which 
are still developing inside national regulatory authorities like United States Food and 
Drug Administration (FDA) and the United States Department of Agriculture (USDA). 
Presently in US and many other parts of the world, the manufacture and supply of 
transgenic plants is being regulated by USDA [13]. This regulatory organization is 
largely anxious about genetic restraint and plummeting the hazard of genetic 
transmission.  

In sight of this exhilarating yet demanding forte, the first part of this paper discourse on 
the technologies for the production and up-to-date developments in diverse transgenic 
plant vaccines while the latter part highlights the challenges encountered in the 
large-scale utility and acceptability of these vaccines. 

How to prepare edible vaccine? 

The steps involved in the making of plant vaccines begin with the incorporation of 
transgene into the plant cells. Generally, transgenes are known as exogenous 
sequences of DNA present in the genome of any species which may include genes from 
the same species or novel genes from completely different species transferred naturally 
through genetically engineering technology [13,14]. Hence, for preparing an edible 
vaccine the genes encoding specific antigens are obtained from the microbes 
responsible to cause the disease and then inserted into the desired plant structure of 
selected plant species. Usually these genes can be handled by the plants in two 
different ways - stable transformation or transient transformation systems. 
Generating stably transformed cells begins the integration of foreign gene into the plant 
cells genome. The symbol of stable transformed cells is that the extraneous gene 
become an integral part of the plant genome and finally gets replicated. Hence, the 
newly formed plant cells will also express the new gene. Stable transformations can be 
accomplished through nuclear/plastid integration [15]. Biolistic and or genetically 
modified Agrobacterium strain, could help in forming a stable transformation [16]. 
Whereas, transiently transformed cells prompt the extraneous gene without assimilating 
it into their genome and hence, the novel gene is never replicated by the plant cells. As 
a result, these cells express the gene for a finite passé say for few days and then the 
foreign gene is vanished through cell division or by some other influences. 
Agrobacterium-mediated renovations of genetically adapted plant virus and particle 
bombardment are the dual utmost utilized approaches that would accomplish transient 
transformation [15]. 

Some of the important methods of gene transfer in plant cells are represented in Fig. 1 
and briefly discussed over here: 
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1. Biolistic method/Gene gun method: It is also known as micro-projectile bombardment 
technique. It is a vector-independent method. This method is based on the gene gun 
that fires metal (gold, tungsten) coated DNA particles of interest at the plant cells and 
later they can grow in the new plant, which are then cloned to produce the desired 
product in huge amount [17]. 

2. Gene transfer via Agrobacterium strain: In this method, the desired gene is unified 
into the plasmid of a suitable species of Agrobacterium and then grown along with the 
desired plant cells that get transformed afterwards. This is a very commonly followed 
method as Agrobacterium is a common plant pathogen which has the ability of infecting 
several dicotyledonous plant species including tobacco, potato, tomato, cornet [18,19]. 
The method of Agrobacterium mediated gene transfer and edible vaccine production 
has been represented in Fig. 2. 
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3. Electroporation method: In this method both plant cells and desired genetic materials 
are mixed and then exposed to a high voltage electrical field. The electricity increases 
the cellular permeability of the plant cells, because of which the genetic material enters 
the cell. Sometimes this approach requires mild enzymatic treatment as well [18,19]. 

How do they work on the body? 

Mucosal immunity is measured to be the chief and most important line of defense 
mechanism of our body. This is because almost all pathogens march into the body by 
the mucosal surfaces of any of the suitable tracts such as urogenital, respiratory or 
gastrointestinal route. Some literatures suggest that mucosal immunization is more 
effective in enhancing the immunity of an individual against diseases than any other 
routes. Oral route is the most competent alleyway of mucosal immunization as vaccines 
administered through oral route can fabricate both mucosal immunity and systemic 
immunity [20]. Once the plant-based vaccines are consumed orally and masticated 
properly, they reach the intestine and release the antigen after the intestinal enzyme 
action. Generally, they break near the payer’s patches and the antigens present in them 
meet some specialized cell called M cells. Payer’s patches in the intestine are an 
augmented foundation of IgA immunoglobulin fabricating plasma cells and hence serve 
as the mucosal immune effector sites. These M cells pass the antigen to the 
macrophages that further display them to the local lymphocytes (helper T cells) 
producing memory T cells and simultaneously stimulate B lymphocytes to produce 
antibodies (IgG, IgE, IgA) to destroy the ingested antigen immediately. However, 
memory cells produced during this process counterbalance the attack by real infectious 
pathogen rapidly and effectively thus preventing the infection [21]. The mechanism by 
virtue of which edible plant vaccines can arouse both mucosal and systemic immunity 
has been depicted in Fig.  
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3. Reasons why we can use plant vaccines? 

As stated earlier in this article, plant vaccines offer several advantages over the 
conventional vaccines and thus can prove their wider utility. Some these advantages 
are being discussed here below: 

1. These vaccines come up with better safety profile as they do not contain any live 
attenuated or killed microbes as that of the conventional vaccines. Hence, they do not 
present the risk of virulence regain by these microbes that may be even being more 
dangerous [22]. 
2. Moreover, they are cost effective as equated to the conventional subunit vaccines 
since of their less making cost. Traditional vaccines do require several sophisticated 
equipment (fermenters or bioreactors) and techniques for their production and 
development. But plants can be grown in the fields or sometimes may be in a 
greenhouse. If the vaccine is formed in either of the fit for human consumption parts of 
the plant (grain, fruit, leaves etc.,) then they might not even necessitate purification [22]. 
3. Another advantage of edible vaccines is the simple and easy mean of their 
administration (oral administration). Thus, they abolish the necessity of skilled medical 
recruits every time for immunization. Moreover, the risk of contamination is also 
abridged as they do not need specific sites and manufacturing area to be sterilized [23]. 
4. Edible vaccines can provide an efficient mode of action for immunization as unlike 
traditional vaccines as they bring forth both mucosal and systemic immunity. In addition 
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to that, they do not require adjuvants as that of many conventional vaccines to stimulate 
immune response [24]. 
5. These vaccines also propose better stowage prospects as seeds of transgenic 
plants can be easily dried and stored for years [25]. 
6. Apart from that the, availability of such vaccines can also be enhanced as their 
production processes can be scaled up rapidly by breeding [26]. 

Plants transformed for edible vaccines and recent advances 

Several plant species have been studied and used to produce desired gene products in 
many parts of the world till today. The plants are selected in regard of ease of 
transformation, extensive genomic sequence knowledge, ease of cultivation and no 
doubt high volume yield. Based on these foresaid factors the plant that has been 
extensively studied and utilized for such purpose is the Tobacco plant [26]. The very 
idea that, plants can be used to prompt vaccine antigen was first demonstrated by 
Curtiss and Cardineau in 1990, when they made tobacco plant to successfully express 
the Streptococcus mutans surface protein antigen A (SpaA) [27,28]. This revelation was 
confidentially shadowed by the countenance of hepatitis B surface antigen (HbsAg), the 
E. coli heat–labile enterotoxin responsible for diarrhoea, rabies virus glycoprotein and 
the Norwalk virus capsid protein in the same plant thereafter in several scientific studies 
[28]. Other plants that have been used for such purpose include alfalfa, potato, maize, 
arabidopsis, tomato, carrot, lettuce, cowpea, spinach and even unicellular algae such as 
Chlamydomonas [29]. Fruits (apple, banana, grapes, melon, kiwi) and vegetables 
(cauliflower, cucumber, soybean, squash sugar beet, sweet potato) have been also 
used for this purpose [30]. Despite of all such scientific efforts and outcomes only a few 
plants based human vaccines have reached clinical trials so far. A subunit vaccine of 
enterotoxigenic E. coli (ETEC) produced either in potato or maize has made its entry to 
the 1st phase of clinical trial [31, 32]. Norovirus capsid protein VP1 was also formed in 
potato tubers in the equivalent technique and almost 20% of vaccinated volunteers 
developed specific serum IgG titers in the phase 1 clinical trials [33, 34]. Similarly plant 
based vaccines developed against Hepatitis B virus (in lettuce, potato), Rabies virus (in 
spinach), H5N1, H1N1, H7N9 and Influenza virus (in Nicotiana benthamiana) and 
Cholera virus (in rice) have made their entry to the phase 1 clinical trials [35]. However, 
some studies revealed that both phases I and II clinical trial of the VLP (virus like 
particles) composed of HA (hemagglutinin) protein of H5N1 influenza virus 
(A/Indonesia/5/05) (H5-VLP) have been accomplished. It was found that the 
plant-based vaccine was able to induce HA inhibiting titer at all weathered doses. In 
addition to that, after 6 months of vaccination with such vaccine in a phase-II clinical trial 
the volunteer group showed cross-protective CD4+ T-cell responses representing sturdy 
orientation of enduring cell-mediated immunity by plant-made H5-VLP vaccines [35, 36]. 

Not only this but also antigens of pathogens affecting animals have been also 
expressed in plants and many of these products have been evaluated in the respective 
animal species. The first USDA-approved plant-made vaccine was the “Newcastle 
disease vaccine for poultry” i.e. meant for veterinary use [35]. Similarly, S1 glycoprotein 
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gene responsible to cause chicken bronchitis has been introduced into potato [37]. 
Plant-based vaccines for protecting pigs from enterotoxigenic E. coli (ETEC) and foot 
and mouth disease virus (FMDV) have been well characterized and were produced in 
alfalfa [38]. Rabies virus causes a zoonotic disease which means that the disease is 
basically transmitted from animals to human beings. It is usually found that this very 
virus is first transmitted from wild animals such as bats, raccoons, and foxes to pet 
animals and then to humans. Hence, to prevent the prognosis of this dreadful disease in 
human vaccination of pet animals is mandatory. As a reliable solution to this problem, 
now rabies G protein has been expressed in several plant species, including tobacco, 
tomato, spinach, carrot, maize and oral immunization has tremendously reduced the 
mortality rate from virus challenge of several animal species [39]. No doubt, the cost of 
immunization for the regular farm animals tends to fringe profit for the farmers from 
selling products such as meat, milk, eggs etc. Therefore, plant-based vaccines are 
going to prove themselves as appositive feature for the animal use. This is because; 
they can be manufactured at low cost and effortlessly administered to the animals.  

Plausible hazards of transgenic plant vaccines: why these vaccines are not used 
widely? 

Now the query is that despite of such intensive research and excellent outcomes based 
on edible vaccines, what are the facts that restrict their extensive use across the globe? 
The common challenges faced by plant-based-vaccines development include technical 
aspects, regulatory aspects, economic aspects and more importantly public perceptions 
on the use of genetically modified organisms – GMOs [40]. While no plant based 
vaccine have proceeded past introductory clinical trials and in addition to that no 
complete explanation of the manufacturing and monitoring strategies of such vaccines 
have been found so far, investigators and researchers in this arena still continue largely 
to be hopeful that they will develop to the benefit of society. With the advancement of 
this genetic technology, cumulative emphasis will be hired on the monitoring agenda 
that gearshifts and supports these resources. However, National regulatory authorities 
must ponder the hazards and recompences of producing these transgenic vaccines 
especially in a food-grade structure for application as a pharmaceutical substance. 
Although food stuffs like eggs and yeast have been already used to harvest vaccines 
but, in this case, the extremely measured manufacturing condition is considerably 
different to the plant-based vaccines as they are going to include the whole agricultural 
sector. The plant-based vaccines which are currently under development will employ 
natural manufacturing and harvesting measures, which are identical to those used in the 
regular agricultural segment for food and feed making. The major risks that have been 
identified as possible apprehensions for the exclusive features and manufacturing 
approaches for transgenic plant vaccines are: 

1. Even if from specific tactical point of view, edible vaccines area lower-cost option 
but in real this statement is not firmly true basically after the production and 
development of these vaccines. In addition to that, purification, control and biosafety are 
the various particulars that are mandatory to be concerned of by the pharmaceutical 
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companies, which hold extra costs and generate obstacle in the production and 
manufacture of such vaccines by small and medium size pharmaceutical companies 
[41,42]. 
2. Another important restraint of edible vaccines is the indistinctness connected to the 
calculation of precise proficient oral dose to be administered to any individual. 
Moreover, the uniformity of dosage form fruit to fruit, plant to plant and 
generation-to-generation is also doubtful [43]. 
3. Over consumption of these plants bearing antigens may easily lead to the 
development of immune tolerance to such vaccines. Apart from that, certain foods like 
potato, spinach, rice which cannot be eaten raw; cooking may weaken or sometimes 
destroy the antigenic property [44,45]. 
4. Another significant point is that, although the use of an edible vaccine is based on 
the ingestion of a section of a plant, this practice shows remarkable difficulties in 
standardizing the antigen concentrations in different plant tissues [44, 45]. 
5. Among regulatory challenges, the most important obstacle lies within to gain 
regulatory approval from the USDA, FDA and/or EPA apply to plant-based vaccines 
[46]. 
6. In addition, issues related to separating of a pharmaceutical product from the 
original food crop embattled for the food chain have turn out to be gradually more vital 
as concerns over adventitious existence of medicinal products in the food supply have 
surfaced in recent years [46, 47]. Hence, if the manufacturing costs stay elevated and 
an appropriate inference of essential antigen concentration relics unresolved, the 
prospect of edible vaccines will remain uncertain [48-50].  

7. Negative environmental impacts: Usual damage and deficiency of cellular 
components including DNA and proteins, within the environmental structure, or 
assimilation by non-target species may have unidentified poisonousness consequences. 
There is every possibility of the immigration of the antigen to the conventional nutrition 
chain through genomic crossbreeding or by any means of contamination and this could 
lead to the development of tolerance.  

8. Worker exposure: Poignant or gasping of plant vaccine ingredients throughout 
manufacture may lead to oral tolerance and allergenicity. 

 

Conclusion 

This review article concludes that plant vaccines are one of the budding types of 
vaccines having considerable advantages over traditional vaccines. Yet, there is still a 
long way to go to mechanize these vaccines across the globe. Roughly, suitable gene 
delivery methods need to be developed and improved for efficient and optimum vaccine 
production. More importantly, the bioethical issues need to be solved. The customs to 
endorse the speedy expansion of transgenic plant vaccines include intensification of 
high-tech innovations and creating public awareness about the compensations of 
transgenic plants to eradicate the distress. The approval and commercialization of 
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transgenic plants vaccine against Newcastle disease in 2006 by the United States 
Department of Agriculture (USDA) is a successful landmark example in this regard. It is 
expected that this instance will positively play a major role in encouraging the growth 
and commercialization of supplementary transgenic plant vaccines. With the founding 
and optimization of standardized GM machineries, it is projected that regulatory 
endorsement will be settled eventually to transgenic plant vaccines to support in the 
worldwide global disease control. 
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