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Abstract: - Edible vaccines (EV) are composed of antigenic 

proteins and devoid of pathogenic genes which are going to play 

a vital role and have great promise for the development of the 

vaccines as a means of prophylactic control of future disease or 

disorders including metabolic disorders. In the process of 

prevention of disease or disorders a variety of drug delivery 

approaches have been developed so far. Vaccinating animals or 

humans with edible plants is a new emerging area and it can be 

one of the vital alternatives over conventional vaccines or 

methods which are available in the current scenario. The edible 

vaccines are believed to reduce the frequency of potential 

hazards associated with conventional vaccines and it has variety 

of applications in improving preventing of autoimmune diseases, 

cancer, measles, chicken pox, rabies etc. Edible vaccines are 

produced by the process called "transformation" and the altered 

plants are called as "transgenic plants" which are composed of 

antigenic proteins and do not contain any pathogenic genes. 

Hence, they are safe, cost-effective, easy-to-administer and 

readily acceptable type of vaccine delivery system, especially for 

the developing countries. 
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I. INTRODUCTION 

accines are typically containing microbes that resemble a 

disease-causing pathogen and are often made from 

microorganisms (either live or as killed form) and its toxin or 

one of its surface or other protein molecules. These 

components of the vaccine used to stimulate the body’s 

immune reactions to recognize the pathogenic organisms like 

bacteria, viruses’, fungi and other foreign bodies, destroy 

them and prevent further attacks of the same microbes in later 

attack.  

Vaccines are playing vital role in preventing both the 

infectious as well as noninfectious diseases. Now a day, 

conventional approaches particularly, attenuating the 

pathogen, inactivation of the microbes and creation of sub unit 

preparations have been very successful in the development of 

vaccines against various infectious agents like bacteria, fungi 

and viruses. However, efficacy, safety and cost of existing 

vaccines are major factors related with vaccine production, 

distribution and availability. Therefore, it becomes essential to 

produce new vaccine that is more efficacious, safe and cost 

effective in comparison to the existing vaccines for the benefit 

of common people. Hence, an alternative and new approach is 

the preparation and use of edible vaccines is come into the 

picture now a day. As per the literature reports available, plant 

viruses can be genetically engineered to produce vaccines 

against diseases such as cholera and life-threatening infections 

like AIDS, chicken pox etc.,
 (1,2)

. In addition to this, plants and 

their edible products provide an agreeable alternative for the 

synthesis of the recombinant proteins in a large-scale 

production process
 (4)

.  

The first report of edible vaccine (a surface protein from 

streptococcus) in tobacco, at 0.02% of total leaf protein level, 

appeared in 1990
(7)

. The theory of edible vaccines got success 

after Arntzen and coworkers expressed hepatitis B surface 

antigen in tobacco plants 
(8)

. With the arrival of modern 

molecular biology techniques in the 1980’s new strategies 

were developed for the synthesis of subunit vaccines. These 

are the vaccines comprises of proteins delivered from 

pathogenic viruses or bacteria or parasites or from any 

harmful microorganism but in general the proteins are 

produced not only by the pathogens themselves also by 

expression of genes encoding the protein in a substituent 

organism
 (9)

. Multicomponent vaccines were also developed 

which are the second-generation edible vaccines that provide 

protection against several disease-causing pathogens
 (10)

.  

On the other hand, a major problem and disadvantage with 

oral vaccines is the degradation of protein components in 

stomach and gut before they show immune responses, but the 

rigid plant cell wall could provide protection from intestinal 

degradation
 (5)

. So, research is in process for cost effective, 

east to administer, easy to transport, east to store, socio-

culturally readily acceptable vaccines and their delivery 

systems
 (2)

. 

II. FACT OF EDIBLE VACCINES 

The concept of production of edible vaccine involves 

introduction of desired genes into suitable crops or plants and 

then inducing these altered plants to produce the encoded 

V 
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proteins. This process is known as "transformation" and the 

altered plants are known as “transgenic plants". Basically, 

edible vaccines are genetically modified crops that provide 

extra added “immunity” for certain diseases which includes 

hepatitis B, diarrhea, pneumonia, STDs, HIV etc. Like regular 

conventional vaccines, edible vaccines are composed of 

antigenic proteins and are devoid of pathogenic genes. Thus, 

they have no way of establishing infection, hence assuring its 

safety, especially to immunocompromised patients. On the 

otherhand, conventional subunit vaccines are expensive and 

technology-intensive; require refrigeration and produces poor 

mucosal response. Whereas, edible vaccines will enhance 

compliance, especially in children, and offers convenient 

mode of easy oral administration. 

III. MODE OF ACTION OF EV 

Edible vaccine is a new approach to oral immunization. This 

technology might contribute to global vaccine program and 

might have a dramatic impact on health care in developing 

countries. Pathogens attack at mucosal surfaces and therefore, 

it is the most effective site for vaccination. Edible vaccines 

activate both mucosal and systemic immunity, as they come in 

contact with the digestive tract lining. This dual effect would 

provide first-line resistance against pathogens entering 

through mucosa (Figure 1). 

Figure 1: Mode of action of edible vaccines 

  

 



International Journal of Research and Innovation in Applied Science (IJRIAS) | Volume III, Issue VIII, August 2018|ISSN 2454-6194 

www.rsisinternational.org Page 10 
 

Fig 1a:       Fig 1b: 

           

Mode of action of edible vaccine
 
Jared Schneidman Design-

Edible Vaccine by William H.R.Langridge (Scientific 

American, Inc.) Fig 1a.Initial response of edible vaccines; Fig 

1b.Action of edible vaccines on microbes 

Edible vaccines are mucosal-targeted vaccines, which can 

cause stimulation of both systemic and mucosal immune 

response. Edible vaccines are being developed for various 

diseases, such as measles, cholera and hepatitis B, and many 

more are in the process of development. Edible vaccines are 

antigenic proteins that are genetically engineered into an 

eatable product that may be fruits, vegetables, leafy 

vegetables. These edible products contain the protein by using 

some disease-causing pathogens. This edible crop consumed 

by the people, the food is digested, where some of the proteins 

enter the systemic blood stream. Once the blood stream has 

enough of the proteins, the body starts fighting against disease 

causing pathogen by specific immune reactions (Figure 1a, 

1b). Moreover, edible vaccines are also useful in synthesis of 

cheap and safe biopharmaceuticals for healthy life of human 

being. Human proteins including anticoagulants, 

neuroproteins, growth hormone and collagen can be 

synthesized successfully in tobacco plants
 (5,6)

. Edible vaccines 

are for better immunization with minimal side effects 
(3)

. 

IV. PRODUCTION OF VACCINES 

Production of vaccines can be done by in two ways which 

includes Conventional vaccine production and edible vaccine 

production methods. 

Conventional vaccines 

                  Conventional vaccines are the vaccines which are 

prepared by attenuated pathogens. Production of antigenic 

proteins in conventional vaccines can be done using 

mammalian cell culture, which is easily prone to harmful 

pathogenic contamination. 

Edible vaccines  

              Edible vaccine production is a process where 

vaccines are synthesized from transgenic plants in well 

planned green houses. In the production of edible vaccine, the 

desired antigen coding gene is isolated from microbes and can 

be managed in two different methods: 

a. In the first method, suitable plant virus is genetically 

engineered to get a desired protein and the 

recombinant virus is inserted into the plant where 

large numbers of new plants are grown. The chimeric 

virions from these genetically engineered plants are 

extracted and purified and used for providing 

immunological responses. 

b. Second method is by transformation technique, 

where the vector is united with gene of interest. By 

using various molecular farming techniques, the 

transgenes can be introduced into the plant cells. 

V. MOLECULAR FARMING TECHNIQUES 

Agrobacterium mediated gene transfer    

This method is associated with the introduction of 

appropriate gene of interest into the T- region of a disarmed 

Ti plasmid of agrobacterium (Figure 2). The recombinant 

DNA is placed into agrobacterium and plant pathogen which 

is co-cultured with a plant cells or tissues to be transformed
 

(11)
. This method mainly holds good results in dicotyledonous 

plants like potato, tomato and tobacco.
 (12-14)

. 
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Figure 2 :  Preparation of edible vaccine

[Jared Schneidman Design-Edible Vaccine by William H.R.Langridge (Scientific American,Inc.)] 

Chimeric viruses  

In this method, plant viruses are genetically 

engineered to produce the desired genes and they were used to 

infect their natural hosts where the cloned genes are expressed 

to varying degrees in various parts of the plant, including the 

edible parts 
(15)

. Certain types of viruses can be redesigned to 

express the fragments of antigenic surface proteins, includes 

TMV (Tobacco mosaic virus), CPMV (Cowpea mosaic virus), 

Alfa mosaic virus, CaMV (Cauliflower mosaic virus), Potato 

virus, Tomato bushy stunt virus. Technologies like overcoat 

technology and epicoat technology are employed in this 

method
 (16)

. Overcoat technology allows the plant to produce 

the entire protein and the epicoat technology only expresses 

the foreign proteins
 (17)

. 

Gene gun method       

 In the gene gun method gene containing DNA 

coated metal (E.g.: gold and tungsten) particles are fired at the 

site of plant cell. Plant cells which have taken up the metal 

coated gene containing DNA can grow into new plants and 

are then cloned to produce large number of genetically 

identical crops. This method needs costly device to carry out 

the procedure when compared with other techniques of edible 

vaccine production, which is a main limitation of this method 
(18)

. 

Electroporation         

The main principle behind the electroporation 

method is by exposing the cells to a brief period of high 

voltage electrical pulse which induces transient pore in plasma 

lemma which is barrier for introduction of DNA. Opening of 

the pore helps in introduction of DNA into the plant cell 

cytoplasm
 (19)

. 

VI. SOME IMPORTANT PLANTS USED IN EDIBLE 

VACCINES PRODUCTION 

Potato  

Potato has been used as a vehicle for diabetes related 

proteins, vaccines against a strain of E. coli, cholera vaccine, 

and vaccine against Norwalk virus but over cooking leads to 

denaturation of proteins and antigens present in the potato too. 

Potato can be stored for longer periods without refrigeration 

and used more predominantly in clinical trials related to 

edible vaccines
 (29)

. 

Banana and Tomato 

Bananas are the good and cheap common choice for 

edible vaccines and cooking does not leads to denaturation of 

proteins and antigens but the fruit spoils rapidly after ripening. 
 

(29)
. Tomatoes are heat stable, can cultivate easily and grow 

quickly at the same time spoils readily but it contains high 

levels of vitamin A which boosts the immune system. Tomato 

can be used in edible vaccine production against HIV/AIDS, 

hepatitis B, rabies, norovirus, Alzheimer’s, SARS, anthrax 

and respiratory syncytical virus
 (29)

. Inexpensive methods of 

preserving these foods such as drying might overcome the 

spoilage problem. Among the other foods under consideration 

for edible vaccines preparations are lettuce, carrots, peanuts, 

rice, wheat, corn and soybeans. 
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VII. EXAMPLES OF FRUIT DERIVED VACCINES 

The best examples of fruit derived edible vaccines which 

include transgenic potato vaccine
 (20)

, Typhoid fever vaccine 

from fruits polysaccharide, Plant derived edible vaccine 

against Hepatitis B virus, Plant derived vaccines against 

diarrheal diseases (enterotoxin E. coli
 (21)

, Transgenic potatoes 

expressing lymphotoxin beta
 (22)

, transgenic corn expressing 

lymphotoxin beta
(23)

), Edible malaria vaccines from bear 

fruits
(24)

. 

VIII. ADVANTAGES OF EDIBLE VACCINES 

Potential advantages of plant-based vaccines include 

 Easy mode of administration. 

 Economy and easy transportation. 

 Extensive storage facilities like cold storage are not 

required. 

 Heat stable and no need of refrigeration. 

 Antigen is protected through bio encapsulation, 

hence minimal chance of degradation 

 Stimulation of both systemic and mucosal immunity. 

 Improved compliance. 

 Multiple antigens can be delivered. 

 Integration with other vaccine is possible 

IX. LIMITATIONS OF EDIBLE VACCINES 

 Chances of development of immune tolerance. 

 Stability of fruit vaccine in fruit is not known. 

 Evaluating dosage requirement is tedious. 

 Chances of food allergic reactions due to the 

presence of antigens 

 Selection of specific plant for specific gene is 

difficult. 

 Glycosylation patterns in plants differ from those in 

humans and could affect the functionality of the 

vaccines. 

 Certain foods like potato are not eaten raw and 

cooking the food might weaken the medicine present 

in it.
 (25-28)

 

In another concern, scientists need to be sure that vaccines 

meant to enhance immune responses do not backfire and 

suppress immunity instead. Research into a phenomenon 

called oral tolerance has shown that ingesting certain proteins 

can at times cause the body to shut down its responses to 

those proteins. To determine safe, effective doses and feeding 

schedules for edible vaccines, manufacturers will need to gain 

a better handle on the manipulations that influence whether an 

orally delivered antigen will stimulate or depress immunity. 

X. APPLICATIONS OF EDIBLE VACCINES 

As per the available evidences from the earlier 

studies and details from various articles edible vaccines can 

be employed for following conditions like Autoimmune 

diseases
 (30,31)

, Gastrointestinal disorders
 (22,32)

, Malaria, 

Measles, Rabies
 (33)

, HIV
 (34,35)

, Hepatitis B vaccine
 (36,37)

. 

XI. CURRENT UPDATES ON EV
 

Several plants derived edible vaccines are currently being 

developed and approaching the market for several human and 

animal diseases, including measles, cholera, foot and mouth 

disease, and Hepatitis-B and C. At the same time these 

diseases are likely to require booster doses or multiple 

antigens to induce and maintain the protective immunity. 

Fortunately. Plants have the potential to express more and 

allowing delivery of multiple antigens for repeated 

inoculations. 

There are several plants derived vaccines for human health 

purpose are approaching the market, among them at least 30 

such products have been expressed in plants and some of them 

providing protection against challenges with disease
 (38)

. The 

first product which reaches the market is poultry vaccine 

which is developed by Dow agro sciences
 (39,40)

.  

Recently, as per the reports, at least 350 genetically 

engineered pharmaceutical products are currently in clinical 

development in the United States and Canada. As an example, 

In Canada, a genetically engineered tobacco plant made to 

produce Interleukin 10 will be tested to treat Crohn's disease. 

Scientists strongly believe that, fruits with high water content 

could result in proteolysis.  Experimentation with freeze-dried 

food to create pellets or powder is now being investigated to 

avoid proteolysis and improve overall efficacy. Moreover, 

there are many plant-based vaccine approaches are underway 

for management of cervical cancer and Hepatitis-B, HIV virus 

etc 
(41,42)

.  

Asper literatures, efforts are also being made on the 

development of edible vaccines by using neurocysticercosis 

and green microalgae as a novel source to produce 

recombinant proteins 
(43)

.Recently, a group of researchers 

from Singapore working for edible vaccine for SARS virus, 

by immunizing mice against a SARS-like virus by injecting 

genetically modified lactic acid bacteria and the results 

suggested the positive and better protection against the virus 

which intern indicates the beneficial approach of edible 

vaccines 
(44,45)

. 

XII. FUTURE RESEARCH 

Edible vaccines will hold great importance, especially in third 

world countries where transportation costs; poor refrigeration 

and needle use complicate vaccine administration. while 

experimentation is also being conducted with laboratory 

animals, diabetes may someday benefit from an edible form of 

insulin. NSF and other government agency and industry 

funded researchers have developed various technologies that 

allow the introduction of a hybrid gene, which produces 

human insulin in potatoes. For diabetes, insulin bearing 

potatoes may help train the body’s defenses to stop reacting to 

insulin as if they were a foreign material. Edible vaccines 

might overcome some of the difficulties of production, 
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distribution and delivery associated with traditional vaccines. 

Before coming into reality edible vaccines must overcome 

significant challenges. However, while access to essential 

health care remains limited in most of the world and the 

scientific community in struggling with complex diseases 

such as HIV and malaria, plant derived vaccines represent on 

appetizing prospect. strategies must develop to improve the 

recombinant protein yield in plants include the development 

of novel promoters, the improvement of protein stability and 

accumulation using signals that target the protein to 

intracellular compartments and the improvement of 

downstream processing technologies 
(46)

.
 

XIII. CONCLUSION 

There are conventional vaccines are available to reduce the 

annual death toll from several type of infectious diseases, yet 

these victories mask tragic gaps in drug delivery process and 

fails to achieve desired therapeutic responses especially in the 

most remote and impoverished parts of the globe due to lack 

of feasibility of available vaccines. They are still required an 

effective drug delivery systems and millions of peoples are 

still die from infectious diseases for which immunizations are 

nonexistent, unreliable or too costly. This situation is 

worrisome not only for the places that lack health care but for 

the entire globe. 

On the other hand, Edible vaccines are produced by the 

process called "transformation “which are composed of 

antigenic proteins and do not contain any pathogenic genes. It 

is cost effective, stable under many conditions and it is a 

novel approach to oral immunization. The time is not so far 

when there is need for an economical, safer and efficient 

delivery system to be developed at a mass level production in 

the form of edible vaccines. In conclusion, it is well known 

that, until everyone has routine access to vaccines, no one will 

be entirely safe. Hence, edible plant-derived vaccines may 

lead to a future of safer and more efficient immunization due 

to their safety, cost-effective, easy way of administration and 

readily acceptable type of vaccine delivery system, especially 

for the developing countries especially where the places that 

lack better health care services. 
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