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Plant-based vaccines production and conducted experiments in this
case, as an effective strategy to combat infectious diseases, such as
Coronavirus disease (COVID-19)
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Abstract. The emergence of new viruses has always been a threat to the health of people around the world, the latest
example of it is the new strains of the coronavirus (SARS-CoV-2) and the resulting acute respiratory distress syndrome
(ARDS). The current situation underscores the importance of rapidly producing low-cost stable vaccines that do not
require refrigeration equipment for storage and transportation. However, most vaccines are not yet available in
developing countries due to import costs and storage and transportation needs. Therefore, the vaccine must be
affordable for developing countries so that vaccination can be carried out on a large scale. Herbal vaccines are more
cost-effective than other types of vaccines and production methods and can be produced in large quantities. In addition,
herbal vaccines have other benefits that are discussed in this article. However, given that an herbal medicinal product is
to be used as a vaccine in a semi-processed form (such as mashed potatoes or tomato paste), specific regulatory reviews
must apply to injectable vaccines. Products should also be applied to evaluate their side effects clinically. The current
review article investigates the opportunities and challenges of producing plant-based vaccines to deal with diseases like
Coronavirus disease (COVID-19).

Key words. Coronavirus disease (COVID-19), Molecular farming, Oral vaccine, SARS-CoV-2 virus, Transgenic plant

Received 05.06.2022/ Revised 21.12.2022/ Accepted 07.01.2023/ Published 20.06.2023 VEV/ XY Ll IVE VY Y i3 VE V- Y Dol NV F V¥ 0 sl

17/\Y


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.3.6
https://c4i2016.khu.ac.ir/nbr/article-1-3549-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 ]

[ DOR: 20.1001.1.24236330.1402.10.1.3.6 ]

Niknejad et al. Plant-based vaccines production

2L slapSTls oy ol e 5 ol5SS

Olbe o g go ] ol s 4 (65550 ysbas s o
S Ay g o &S Sl il cb LS slabee
LS STy a5 e & 25 e 5 el Jle Sy s
oSy ol jshie 4 nizmes 055 I8 esliiul 550 STye5
Mg glp ead (S el (K ax S ) (S 2L
Monreal-Escalante et al., ) coul sals solatul sl STy
Seislee wds sln (oLS slagkie J) gl 4z 51,2022
Nicotiana o> > o Ll wilad S 13wy 55
Cool oo azls Lol obe g benthamiana
(LeBlanc et al., 2020)

IS S Py sloeSsn lp ol G slaghs)
Wwd A dy 2GS oo o0laiwl b lsicds LS sloJolw
Wt Hlly ol a5l Jold a5 Wed so (g S
OlLS Cdge pud a5 g Cwdlyg S L (aLS sla b
Sgioe a3y Ll 5l SO e oy 4 Al o aS el
Y Jgu=) (Rosales-Mendoza et al., 2020)
ol ol 3 5955 43kl 5 o0l b AL Ty ardys
obS 5o ¢35l

Sllae ‘;.»a‘ RV 6|M Py ‘LgoLo.‘;..o LgL‘”JL'" 6‘)5
J.Jy b el ouds g.,&l) FLRI 0dg GQLS U) JLG.».:‘
OBl ) s (50,5 a5l 5 b oS g Sy sl ]
oley a4 Cad A by, cpl wgd pbml Slel 4 cas
el boyle 5L 58T saSadys slees, adgs (gl (s i
@il 5 U8 5 Jom Sspem g S5l gy cnl w9z
LY u&c‘ S Cewl ol ;,&l; »))|5A O g Cl wl.uo
L 095 wal,d sy ol 3 osliiel b (STogs GalS (slocmsTs
9 by ade (LS lagrSly 51 elel (rg, cnl ) ool
ade il g (cwgny 9 lodg) slasylen I RS (S
ol oo aile Bl g ladl G S de glace s
Merig et al., 2021; ) coul oo odes b Yo g (s jo9 e
Y Jgo=) (Shahid & Daniell, 2016
Cigo ol 9 5955 ik 55 31 oolid ) GBS STy gy
ol 55 i

Slp Gogimwd BB 5 @ Rl ) S ol
3 Cdge lo daml jo el sl eols Sl s LS
Olie 2bj,l &l Agroinfiltration g, 5l eslaisl b oLS
Sl sl 4y alide (LS )0 oS S8 soean Ole
gsbaie ol gl i ge pladl i 5 aLS lees, o e
d95 Sy Ciy Comw & Agrobacterium ygnilw g

A JS) S e

doddio

o)l 585 o)l VI 5l (i 090> shxex Lz ol > po
g Sdblage Sl adpe 4 pgyhe (ool wiails o8 2o ST
i oS obxl ) (Zaer & Kolivand, 2019) acis cudw
@ gl sy wishpel wlg @l anug GlajpiS o bagSTy
Hefferon, ) sei o plos! cioew a5 el g aiS o) 5 o )9S
GloypiS ple SeS (B85 Ll s e axa (2014
loanse JIs 4 lo)pas ool )0 lacruSTly jlie ol jaid iy
@ omb sled 3 U8 g Joo 9 Jdu 3 )5 4 5l 9 Sl
Slr 45 098 o0 (2lomSTly Bi 4 e (nl s (S o
Sy 85 Sl mpen Cnlpls i (60970 30 poee (53luired]
OgelionSTy B all 48,0 4 (95 dsmgi Jl> 5 (slo )35 (sl
13 (Shahid & Daniell, 2016) 5,5 & )90 gy ol
Hefferon, ) s)ls sgzg ouSly g Sl slagts, 58
& 5 ey ST LS oSy Ll o Q014
sloaze 15 008 pow Doz slo)siS 5 Sras gly oy
Lulpd g oo a5l STy s 5 ol 508 il U5 5 Joor
(Zaer & Kolivand, 2019) sl s ol &y ,5

PLS s usly adsi b5 !

oS Cughs plgiedr Sy 2SS slagmSly 5l )k
Mg lp ejgpl Mgboe eslitul el slaptas
slagty, 5 gt 5l jshie (nl gl (LS oSy
() Jsaz) (Chan et al., 2016) 555 o oolazl alise

Sy ads pslaie a4 (goaate sla s, Al 4 azgi L
Sdgs skaie 4y ol by, plaS aSilo)lyo wo)ls Sezg aLS
S5 B 8 S s b ol e LS oSy
Sl sl 5 1y el e Sl i 5 8L
PBLS sl STy 5,90 40 goulS g5540 (Hefferon, 2014)
STy a5 Sloy )90 (nl)s Canl STy (3392 (SThe> I
I apisl oy Haml wgde Bpas (Sl Ojpe 4
sdre slaes ! g ol pl o Bioencapsulation G ,b
S g 3 Ll ()] sl T e eisd clablr
o,lge oais JSid slacl,us,S 10 (6085l sladigy
LS sk o8 oy o ol b it oS Jslo
(Pyore ooy Se Wiy 039, 4 STy sl plle
Lol g S oo ol 1) agy5 5l 5 00,5 man 1) (Jokos o)ls0
b lopjosl Soolfin puizmen gdhio (el Gl sbx
w5 5 (g oS5 B asly o5 aiile) sl Jbobs glaclyl

18/\A


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.3.6
https://c4i2016.khu.ac.ir/nbr/article-1-3549-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 ]

[ DOR: 20.1001.1.24236330.1402.10.1.3.6 ]

Nova Biologica Reperta 10(1): 17-32 (2023) OF V) IWV-FY ) o jles Ve ol i) pale j0 (g slaasily

(Niknejad, 2018) aLS slopim )5 ol slodis 35 cou e =) Joi
Table 1. List of expression options in plant systems (Niknejad, 2018)
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Table 2. Description of the expression approaches for the production of plant-based vaccines and precedents for
MERS/SARS-CoV-1 vaccines (Rosales-Mendoza et al., 2020).
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Table 3. Plant-based vaccines developed by nuclear transformation/ stable expression system (Meric et al., 2021).
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Table 4. Plant-based vaccines developed by a transient expression system. (Merig et al., 2021).
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Figure 1. Agroinfiltration method using Agrobacterium: gene insertion into the Ti plasmid (1); recombinant Ti plasmid
insertion into the bacterium (2); bacterial cell growth in the medium (3); Agroinfiltration by infiltration of
Agrobacterium by direct injection of a suspension containing Agrobacterium into the back of the leaf (4A); or
permeability using a vacuum (4B); insertion of T-DNA containing the gene into the plant cell (5), culture of plant cells
and production of a transgenic plant containing the gene (6) (Modified from Chincinska, 2021; Rivera et al., 2012).
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Table 5. Plant-based vaccines were developed by chloroplast transformation (Merig et al., 2021).
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Figure 2. Structure of the SARS-CoV-2 virus. The virus is formed by an envelope membrane associated with the
following structural proteins: spike protein (S), which mediates binding to the host cell receptors and is considered a
critical target for the induction of antibodies capable of neutralizing the virus; hemagglutinin-esterase dimer (HE),
which acts as a potent mediator of attachment and destruction of sialic acid receptors on the host cell surface; a
membrane glycoprotein (M), which is important to generate the virus; and the envelope protein (E), which adheres to
the M protein to form the viral envelope. The viral structure also comprises a nucleocapsid protein (N) that produces the
nucleocapsid along with the RNA genome (Rosales-Mendoza et al., 2020).
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Table 6. Plant-based vaccines were developed for pandemic and epidemic diseases (Merig et al., 2021).
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Table 7. List of vaccine candidates against SARS-CoV/CoV-2 produced in plants (updated 13 August 2021)

(Shanmugaraj et al., 2021).
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