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Review article

An edible vaccine development
for coronavirus disease 2019:
the concept

A novel coronavirus was emerged in December 2019 from Wuhan city, China and has now
become a global threat to human health. Currently, the coronavirus disease 2019 (COVID-19)
has spread to more than 34 countries with 2,445 deaths and 78,811 confirmed cases. Currently,
there is no vaccine available against COVID-19. The traditional vaccines development requires
more time and high cost and due to this, the disease outhreaks becomes more challenging.
Now a days, plants have become more attractive platform for edible vaccine production than
the other system. The development of an edible vaccine in a selected plant system has many
significant advantages such as; easy and efficient oral delivery, low cost with higher scale
production, avoidance of any trained medical personnel for delivery, lack of any pathogenic
infection, multicomponent expression in a single plant, and so forth. In this manuscript, the
concept, development, and importance of an edible vaccine have been discussed. By using
this plant-based platform, an edible vaccines can be produced in many crops like banana,
cucumber, carrot, lettuce, and tomato against various diseases. Due to increasing cases glob-
ally with COVID-19, there is an urgent requirement to develop an ideal vaccine and antiviral
therapy against this virus to control the disease worldwide.
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The pneumonia of unexplained etiology was reported from Wuhan city, Hubei prov-
ince, China in mid-December, 2019 by the Wuhan Municipal Health Commission and
on 8 January 2020 [1]. The first case of the onset of illness with pneumonia symptoms
was reported on 8 December 2019 by Municipal Health Commission and on 31 De-
cember 2019. The cases were linked with seafood and animal market indicated that
the virus transmission from animal to human. The increasing number of cases with no
exposure to seafood market supporting the evidence of human to human transmis-
sion. The causative agent was initially suspected to be associated with coronaviruses
(CoVs), based on the developed symptoms like fever, cough, and shortness of breath
and designated as Wuhan CoV-1. But later, the viral RNA was isolated and sequencing
was performed. Based on sequencing and phylogenetic analysis, the virus showed the
higher sequence identity with severe acute respiratory syndrome coronavirus (SARS-
CoV) of bat origin and designated as coronavirus disease 2019 (COVID-19) [1,2]. As on
23, February 2020 the virus has been spread into more than 34 countries including
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China with 2,445 deaths and 78,811 laboratory confirmed
cases [1,2]. Based on medical and healthcare workers, the
medical supplies are getting low due to the high number of
cases in Wuhan city. To manage the cases, China has announced
to build two new hospitals with 1,000 beds within 6 days which
is functional now. The outbreak caused by COVID-19 in Wu-
han is an epidemic threat to global health [1,2].

Currently, there are many systems available such as bacte-
ria, yeast, and mammalian cell lines to express the recombi-
nant subunit vaccines and therapeutic proteins but all the
above systems have some disadvantages like high cost, safety,
and target integrity. While, by using plant-based system is very
useful and avoids all the issue as compared to other system
and provides low cost and better safety with high scalability
without harm with any pathogenic infections. This is the most
recent and alternative technology for vaccine development.
The expected protein folding and post-translational modifica-
tions of the proteins can be produced in the correct form in
plant-based systems with the desired biological functions [3].
Plant-based edible vaccines have been recently introduced for
vaccine production. The main goals of plant-based edible vac-
cines are the transformation and production of antigens into
plants and the oral consumption of such vaccine to induce
antigen specific immune responses. Currently, the use of
plant-based expression system platform have been extensively
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utilized for the expression and purification of vaccines, recom-
binant proteins, enzymes, and many bio-pharmaceuticals in a
variety of plant species, including potato, corn, tomato, carrot,
lettuce, and spinach and have reached at advanced stage of
pre-clinical and clinical evaluation. The oral administration of
edible vaccines is a preferable route of vaccination for being a
simple and safe route of administration; the low production
cost allows for local production and minimal plant material
processing; natural bio-encapsulation and hence, stability in
the gastrointestinal (GI) tract; and protective immunogenicity
at the GI mucosa. The current status of plant-based vaccine
and their clinical evaluation are summarized in Table 1 [4,5].
The plant-based vaccine development idea was started 30
years ago and since then many vaccine proteins have been
produced in plants for human and animal diseases [6-10].
Since more than 20 years, plant science has grown tremen-
dously and shown great importance towards molecular
pharming and have significant achievements in large scale
with low cost production of recombinant proteins, enzymes,
and pharmaceuticals compounds. Currently, various pharma-
ceutical compounds, antigen, antibodies, hormones, enzymes,
and growth regulators have been developed into multiple
plants system [10-13]. The main objective of this review is to
provide the latest information about the use of plant-based
platform for the development of an edible vaccine.

Table 1. Current status of plant-based vaccines and therapeutic proteins [5]

Product plant Plant host
Norwalk virus CP Potato

HBsAg Lettuce, potato

Rabies virus GP/NP Spinach

Newcastle disease virus HN Tobacco cell suspension
Personalized anti-idiotype scFVs Nicotiana benthamiana
Personalized anti-idiotype dcFVs Nicotiana benthamiana
H5N1 influenza HA, VLP Nicotiana benthamiana
H5N1 influenza HA/1 Nicotiana benthamiana
H1N1 influenza HA C1 Nicotiana benthamiana
Anti-Streptococcus, surface antigen I/11l Tobacco

Anti-aCCR 5 Nicotiana benthamiana
Anti-HIV gp120 Maize, Nicotiana benthamiana
Anti-HBsAg scFV Tobacco
Glucocerebrosidase Carrot cell suspension
Insulin Safflower

Gastric lipase Maize

Indication Delivery Product stage
Diarrhea Oral Phase 1
Hepatitis B Oral Phase 1
Rabies Oral Phase 1
Newcastle disease Subcutaneous USDA approved
Non-Hodgkin's lymphoma Subcutaneous Phase 1
Non-Hodgkin's lymphoma Subcutaneous Phase 1 (ongoing)

H5N1 “avian” influenza

H5N1
H1N1 “swine” influenza

Intramuscular

Intramuscular
Intramuscular

Phase 1 (ongoing); phase 2
(Health Canada approved)

Phase 1 (ongoing)
Phase 1 (ongoing)

Dental caries Topical Phase 2; EU approved
HIV Topical Pre-clinical

HIV Topical Pre-clinical

Hepatitis B Not applicable On market

Gaucher disease Intravenous Phase 3

Diabetes Subcutaneous Phase 1/2

Cystic fibrosis, pancreatitis Oral Phase 2

CP. capsid protein; HBsAg, hepatitis B surface antigen; GP, glycoprotein; NP, nucleaprotein; HN, hemagglutinin-neuraminidase; USDA, United States Department of Agriculture;
scFVs, single-chain Fv fragments; HA, hemagglutinin; VLP, virus-like particles; EU, European Union; HIV, human immunodeficiency virus.

https://doi.org/10.7774/cevr.2020.9.2.164

165



VACCINE

Sayed Sartaj Sohrab e Edible vaccine for COVID-19

For plant-based vaccine development, the desired plant with
efficient and quick regeneration and transformation proper-
ties should be selected. The desired gene can be delivered in-
to plant cells to express desired proteins/pharmaceuticals
compounds with low cost and high scale [5,6,9]. This tech-
nology has attracted the researchers because of elimination
of a specific animal requirement to conduct the experiment.
The edible vaccines can be designed in such a way that, the
expressed and produced proteins should not be pathogenic.
The production of conventional vaccines is very expensive,
and they require purification and refrigeration. Apart from
that, the plant-based vaccines are the most suitable for chil-
dren as an oral delivery. Currently, World Health Organiza-
tion has suggested new technologies for the vaccine develop-
ment. The specific proteins can be expressed into desired
plants with very less cost and can be grown to the required
locations so that, an edible vaccine can be available to the
needy population globally, especially in the developing coun-
tries. Due to high cost, storage, refrigeration, transportation,
and requirements of trained medical personnel, an injectable
vaccine cannot be easily taken in developing countries. Addi-
tionally, various pathogenic organism, bacterial and viral dis-
eases can be easily transmitted by re-use of needles. Mono-

-
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clonal antibodies are being used in the treatment of arthritis
and cancer. The monoclonal antibodies can be easily pro-
duced in desired transgenic plants with very less cost and
time duration. It has been reported that the developed trans-
genic rice was stable at room temperature for 18 months. Be-
cause these vaccines are needle-free [14], they have the add-
ed advantage of eliminating the associated waste and poten-
tial for dissemination of blood borne-infections. Antigens are
released in the form of vaccine through bio-encapsulation
which protects them from gastric enzymes. The released pro-
teins were absorbed by M cells in the intestinal wall and passed
on to the macrophages and antigen-presenting cells and lo-
cal lymphocyte populations generating serum immunoglob-
ulin (Ig)G, IgE, and local IgA responses and memory cells which
neutralize the attack by a real pathogen. The development
and stability of edible vaccine as an antigen has been investi-
gated in many recent reports. The current status of plant-based
vaccines has been reviewed and presented [5]. The concept
of edible vaccine development has been presented in Fig. 1.

Currently, the plant-based vaccine has many valuable advan-
tages as compared to traditional vaccines which include. (1)
Edible vaccine can be used orally as fruits and vegetables. (2)
Capsules can be made from dried leaf tissue powder. (3) No

-
Delivery of gene
in desired crops

Transgenic crops
with desired antigen;
tomato, cucumber,
carrot, lettuce, etc.

G ———

Oral delivery of antigen
as salad

salad kids to avoid injections

Fig. 1. Concept of an edible vaccine development.
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adjuvants require to enhance immune responses. (4) Orally-
introduced antigens elicit mucosal immunity. (5) It is easy to
bulk produce onsite, transport and stored with less cost and
without refrigeration. (6) No injection and need for trained
medical person. (7) Easy to express, separate and purify the
protein. (8) They can be stored as seeds and oils and dried
tissue without any refrigeration. (9) They do not have any risk
of contamination and disease spread. (10) There is the possi-
bility of enhanced compliance, especially in children [5]. Edi-
ble vaccines have received considerable attention from re-
searchers in both academia and industry. The first plant-de-
rived rabies vaccine was produced in tomatoes and offered
the advantages of high biomass yields and the increased con-
tainment by growth in greenhouses. Lettuce and bananas
have also been utilized for the production of plant-based vac-
cines [8-10].

The edible can be developed in many desired plants. Recent-
ly, there are different crops like tomato, carrot, corn, cucum-
ber, lettuce, and spinach plants that have been utilized as a
green factory to express, and purify the desired protein, en-
zymes, antigens, and biopharmaceuticals compounds [3-12].
The most important advantage of plant expression systems is
the low cost. Tomato can be used as for vaccine production
and the used as salad which facilitates the easy oral delivery
of a particular vaccine. As an example, tomato has excellent
biomass and easily transformed and generate the whole plant
within short period and this provides an ideal choice for vac-
cine production. Therefore, tomato is no doubt a green vac-
cine factory.

Currently, there is no approved vaccine or treatment with pro-
ven efficacy against newly emerged CoV COVID-19. While
previous work on SARS-CoV vaccines have shown that the
Spike glycoprotein (S) is the main inducer of neutralizing an-
tibodies. The CoVs infection causes severe respiratory disease
with clinical symptoms; specifically, patients develop acute
respiratory symptoms. The Spike protein can be used to de-
velop a vaccine against the COVID-19. The Spike (S) protein
gene or subunit of Spike like S1 subunit can be cloned into a
plant expression vector and the desired plant like tomato, cu-
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cumber, or lettuce can be transformed. The developed trans-
genic plants can be used as salad and easily delivered orally
and immunized the human against the newly emerged virus.
Several teams are working on a vaccine to protect against the
new CoV. Recently, the therapeutic options for COVID-19 has
been discussed and suggested in a published paper [15]. How-
ever, the development of a protective vaccine is of great im-
portance to prevent and control the spread of the virus as well
as any future outbreaks.

The newly emerged CoV has now become a global threat to
human health. As on February 23, 2020, this virus has been
spread to more than 34 countries including China with 2,445
deaths and 78,811 confirmed cases [1,2]. The fast spread of
this virus has attracted the researchers towards the develop-
ment of an urgent vaccine to control the virus infection and
disease spread. The full-genome of COVID-19 has provided
the valuable information which can be used to design and
develop an effective vaccine [16]. The plant-based edible vac-
cine has now attracted many researchers and pharmaceuti-
cal companies to develop fast and cheaper vaccines against
many pathogens. This technology has got more publicity in
the last 10 years and have proven the efficiency to express the
desired protein either as antigens or pharmaceuticals thera-
peutic compounds in the desired plant cells. This novel tech-
nology provides the high and fast expression, purification,
and better stability of desired proteins in to plant cells as well
as their removal of refrigeration requirement and trained med-
ical personnel for delivery. The edible vaccine also removes
the risk factors and safety and regulatory issues related to liv-
ing organisms. The edible vaccine can be grown at the site of
requirement and orally delivered in the form of salad. There-
fore, this technology is emerging as a novel and alternative
methods for large scale edible vaccine production, manufac-
turing, and processing as well as commercialization and eas-
ily availability to the needy persons globally. This technology
will provide an effective vaccination against many diseases in
human and animal globally. Based on current information, it
is concluded that there is an urgent need to develop a vaccine
against this fast spreading 2019 novel CoV by using various
vaccine development technology. The edible vaccine tech-
nology will provide a fast and cheaper vaccine not only this
new virus but also against many other pathogens.
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