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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).
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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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S eslinul alasly 4 (Bl Gugpg I esliinl b plo slagy,
Sy Rl by, Glseas el Agroinfiltration g,
odls ez JalS 5o STy lopssnt Ol e S5
by ool o5 il 50 050 Ol Oliee (smel s5bos 45 05500
Col o5 leaz )l K slagtsy 0 Ol
(Hefferon, 2014)

ade owany Olo Ghgy 3l edlid b alS lacSTs
o1y 48) glom Jole (JSIL 2biSL (omgny slooisl
STy b @) b wiile (5 )lo 5 (39 on ool Al Sty
(Wang & Ma, 2012) siloas 0Jgi yleas g ol jo (Sloyo

23/%Y

2 oSl slagisnl wile olagntisy ol jshited d52e
WS o Jos ey olie o oy lp &5 siee olS
LS waps Sle sl b 5l i, ol ,o (Niknejad, 2018)
9 oSy wiile Sloys slacysn g sl by Olyeas
» e ooliiul lalS o Jae oS Se glasegn ple
ol ol Gl (LS Sloggng Jl (o @iddS ams vz Jsb
g A8 gee pal> o 50 g wload dgy (29, lacySen
P el b s ol Guytos ;3 wsns b,y glsil
i lagilel Cot ol alg oS g Sleiatisn o
(Wang & Ma, 2012; Chen et al., 2017) s b b


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

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1402.10.1.3.6 ]

Niknejad et al. Plant-based vaccines production

2L GlopSTly adg ol Sen g ol5SS

.(Merig et al., 2021) ey IS 48,5 aisu |5 5l eoliial b oty axslo ol sloysSly -0 Jguz

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).

Candg &3] 93 3 g g0y Ol obS ST 30 392 90 (55T
ST s pKate il
SR e ety o o Lol atan go b 30 ¥ 55l ole
b i anlllas SARS-CoV ale olais| iy e SARS-CoV S1 .59,
o IS Do 590 90 NP axsS
S & B35 5l om
5 Jhysese el Gl 4y ,08 Silgzol b ol pars 00l alge 13
N s cge ol
ot adlhs Sy saSady gladsle (Hlas (5)0 Go)y 5 Freund P OE SARS-COV (s 3lSy s
i - . benthamiana
o9 ;9 SARS-CoV-2 ale Slazan g0 alold b 90 ¥
iios Ao 9290 3590 (nl 3 (S| 2 3550 ol o Sl N o cdse ls opfigp 4 Jate SARS-CoV S1
e Salbld . . .
Sy s o ad benthamiana GFP
Sligios el S5 90 3,90 (pl 4o Sledlol 20 350 (pl o Sledlbl N 5 cdge by SARS-Cov N S 55 slagsy
N s RS IRWIC R benthamiana SARS-CoVM 9
S 3 ol e Sledb! ) ol s Sledb! “ Bes -
Sl al e s 9790 090 (0 S 20 9,90 (! S S N o g0 o)lo SARS-COV-2 N oS js5 o5y
g s g ysd benthamiana
o alo e Sy7ge 9,90 Gl 4o (Fledbl 2 990 onl o Sledlbl N o cds0 o)l SARS-CoV-2 .S g ;usigpn
(€l Padb) . R .
g s o oansd benthamiana RBD
KBP-201 COVID-19 .51,
VI al> 5o 5 ottt gl Gl 4y o 3 CPG olyzol b o alge

ClinicalTrials.gov

5 SARS-CoV-2 4l

9 Jsl slje, yo e &5

N o cdse olo

SARS-CoV-2 slew 5 STy
S 8 Jawgs sals aJgs RBD

Identifier: o benthamiana
NCT04473690 ot Slagles] vy Kentucky BioProcessing
(Owenboro, KY, USA)
el Gely Sy 4 506 Sl 2 515 ABIO-200 (.51,
b Sl ol il y polazs! 5 sl slojey o (Dhae 3,5 N 3 Cdge by ools 4aswgs SARS-CoV-2 VLP
T SARS- e osiss s AN benthamiana (Bryan, iBio <55 lawgs oad
Sige o COV-2 TX, USA)
oo Grly S5 4 08 )
e 7 , o subunit sl 1BI0-201 .5,
sogol sl g polazs! Silgzol b oo alge 3 )
bt ol SARS- e xS 5 g coppo a g LickMm 1 280l SARS- sl o osls des
' ) . benthamiana iBio ¢S % Lhwy CoV-2 Spike
e @ (9o 2 COV-2 VY 5 Jsl slagg, yo (ae B TX, USA)
IBIO-200 5 i (Bryan, TX,
subunit oSy IBIO-202 574
bt Sllas 9 9 ey sl 4 20 225 il S N s c8se ol SARS-COV-2 5 S5ilS 55 (1059

o bl T slaJshe colazs]

benthamiana

B0 ¢S 1o lawgs oad 00ld dnwgs
(Bryan, TX, USA)

/I alo e o

ClinicalTrials.gov

50 ok T el sl 4 08

alold 59, YV L SHlac 5,5

N. 5O Edge ol

SARS-CoV-2 , e STy
J}w .In...;y 0l ools dxwgs VLP

Identiﬁer: &P 590 9 L’ QL."Uoﬂ“) benthamiana Medicago (Quebec, QC’
NCT04636697 Canada)

518G olazs! il 4 08 o ‘ . Baiya ol 4 subunit .Sl

ol S i cla 5 ol ooz ol onds alge s . ool axys SARS-CoOV-2 Vax 1
bt clallee SN P RVEL g SEp Y W sl clags) )5 as 0,5 N o cds0 o)l
) ol 5 bgn 5 ol 9J9 D9 0° & [C50 benthamiana Golazsl &S 8 bawgy ouls

Ll e A Phytopharm (Bangkok,

e Thailand)

28/YA


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

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1402.10.1.3.6 ]

Nova Biologica Reperta 10(1): 17-32 (2023)

b ] otde il igle;] CCOVID-19 _alS (sloyuSTy s
Jo e 5o g el anl lp S b slagialesl o
.(Rosales-Mendoza et al., 2020) ol kil odgs p ol
b Sy laiSTy Sl 51 S o (Lol oMSie 5
Bl ol wigd Byl il s d oo Coadly
A5 ga ool S (5 3l b iy 5 (sloosen )
Silwpalls anlyd 5 zlseil aiesls boassl ails
Sloler et 5l S ggose ol Wil 03]
als o gl a5 Il o cenl 2l slaSTly ady
Gl efon e S50 mp (Dlgm g O
“ot e Seilnsd lojegnl g lagyg e Hel> Sl
SYob Do slp &5 wsee ) ool (nl pe g 050
Loy 50 (55lwo puzd a4y 5li malS Cels a5 wigds 0 3
(Zaer & Kolivand, 2019) 554

e WYgame 3 1) )b slogesn ol -7

3 Slge (Sogll Sl 15 0,5 Bras |, il 5 0y
Sogb Wb Syl ngn Gle alple )l 352
slaaiss plo a4 o) atlssl 099 5l oS 090 olais
WS S el B Eras alié oo b LS
Foo a5 SYgame )5 (So5d glvoassS Lo atl
00,5 o oty S SedbglS a4 o Jlal
wls g Shge 53 (b 5 00l slaglial 5 Sl
Wang & ) S oo s S ol a5 0F 055 5 M
.Ma, 2012; Zaer & Kolivand, 2019

2 opeiiepd g peliae jobdy aBu)lp O¥same
5 S hoetin; el 4 bsne bl
OO P N 0] [V FURPRVC SN S KU g0 LS DU
Zaer & ) 5,5 Do oY Oyl g g5l bl
(Koolivand, 2019

Sl (nl (2LS GlagaSTls adg Lol slacos 51 (S =T
sadl G bSOl Ol g5 s 4 &S
Lilpd @ at olS ples ;o e ol b g olS calise
e e Llypd (g by oS e (Sufele
Ygame gl 4 CuaS Loy cad @l ¥gaxe Cul
(e polae Ll 55 ()l Slge 585 90 a5 pl> LS
595 955 5 et 45 S5 oe Sl b9l s s
9r9) & e ogsl whie jo (LS GlaguSTy el
@i (JB oy Je adss slagilly plea bopad
oSl plo adgi )0 a5 g (b g (Sl Slislss]
(Wang & Ma, 2012) 545 )5 5479 o2

29/v4

OF D IV-TY ) ojlad Vv als o pole 5o (ng sloasily

ol il Sae STy wdgs slagil il ol 25150 Gl pls
Rosales-) cuslosgy lje  sionl oo & uZgp
by LS Lo e 4 (Mendoza et al., 2020
aS o pold SARS-CoV-2  usly ods  lp
4 = COVID-19 g4 (Venkataraman et al., 2021)
b as ol JoSge (55)sliS anslr som 5 (soten Sl 2515
slagal @5l 5 low @ (57 oS uSaie g0
2 e Sge plo b oS Saie g9 B g 09 (5598
g Sop elide jo STy wdsi Ghe) Ko plgrea ol
Y Yo Jlo Lilsl 15 SARS-COV-2 g s Jgi a5 o
ansle Lo a5 B Lo (2,5 15 pya oyt
ale oS ig Glagusly ol sl ol Jsse 55las
Shanmugaraj ) (¥ Jgaz) cewl oais s>l SARS-CoV-2
Gl STy VAY Sl cuilage olesls et al., 2021
aS el 00,5 Cawypd dl i Sldlas o |, COVID-19
Maharjan & Choe, ) aiwe ol STy aw dosl dlox
5 COVID-19 5)lap ade a5 aLS slopsly (2021
I Ll 8,8 g0 g own VLP 5 e i diloads aisles
Kentucky 3 Medicago .slwils, b wlb
iz g V5B b wlak;l o BioProcessing Inc
Ao yo )3 (Sefign loaxlyn; (e Ko (2L oSl
Venkataraman et al., 2021; ) ai)ls 1,5 b i
;o Medicago Ul <5 5 (Maharjan & Choe, 2021
SARS-COV-2 L ablis jshie & alS oSy wnoss
35 Gl LS SIsaT GWVLP 5l a5 el olSiy
SLVLP Ll el 00,5 oolizwl SARS-CoV-2 sy
Sl e85y 55 g ool L3 L |, SARS-CoV-2
N. oL ;0,5 o34Jl § Agrobacterium ,> SARS-CoV-2
oS ol a0 oS odg ol & benthamiana
lié 5 Solasl paig s 5 ISz SARS-COV-2 cVLP
Venkataraman et al., ) ws,S o odg 2lS o]
anl oS % b British American Tobacco <5 % (2021
Kentucky Bio  waste WLl 0 053 (5590x5gn
2LS Sl drwg ol al> e 4o Processing (KBP)

(Sharma et al., 2021) ¢l COVID-19

s“bf ‘_gLaao.mSls ‘_gLibudb
wile (8L (s> slaphail o LopnSTy Ol ol S
Sl n g ae) 5o 3L o)l (s w9 joe
Sly ol il wls sl sl sl LS o oS 59


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

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1402.10.1.3.6 ]

Niknejad et al. Plant-based vaccines production

2L slapSTls oy ol e 5 ol5SS

Gl Hsebsi s ygld Gl 9)9e jo 1y e Al b (5l
U 55 6lo i LT oSl wigh J55he ol b Gllae 5 aimo
03,k 5o ai3aS 5 aallS alS lacsslis sblje 5| anwg
od.;gf‘ Lgl:boLo JEREW M‘P ReVT vy COVID-19 Lg)l.o..u L:
oels (Venkataraman et al., 2021) oi salys K]
ooliztl by Wlgiso el ¥ g cpplplty s 0 lalagoms
239 4Sed plea (nl a5 Wed wlg e glacslan;
3L g e gladils 5 lalié (gl jls s 4 el
EU Pharma- ojg, ;5 9,505, oyl 3,10 5425 desarS Sz
HIV 6, Kis aie; 0 ailiwgs pio sloasl sl Planta
S5y Cuo,d pl a5 .(Ma et al., 2015) o &8 Lo
COVID- e 5, 5a0n oSain, g ke 4 ow a5 o)l
S S aon 4 diedin § &y dool) Sl el SWS 19

.(Iranbakhsh, 2021) 54 sl ean|

Gl B GbSly colre g Lo Gl coles o
Bl Bl A Jga &g

GBS slo Ty o]
2 Leply cwl céiin Jo 5o (olS pemlinnsTy
slajlpl 5l eolinal L (alS (il slopyitly
slagplinl 5 Sy i slaghy, «Sle)sdilyige
o yo 45 el o0 ool Wb 033l b oS g puSly g
Olsn 1) Ses o lalnl &5 0980 (ot
VLP JI o35l 50 58505 b g n ol 003k a3l sl
@ axgi by aeid S (owsng slalen bople sl
Sty g Sl pFaen G985 Ay 50 Cano oS
Wl s o ol e 0 COVID-19 ale ol
3 Nl oe (SdeSSen pyatly nl lp o IS Gl
Monreal-Escalante et al., ) &b (338 ax sl
S lil (LS (glagylo (y938l39) dnug 4 axg L (2022

Franconi et al., 2010; Jelaska et al., 2022; Khan et al., 2019; Laere et al., 2016; S J) al5 sl Sty olae g Llje —A Jous

.(Streatfield, 2005; Stephen J Streatfield et al., 2001; Shahid & Daniell, 2016
Table 8. Advantages and Disadvantages of Herbal Vaccines (Franconi et al., 2010; Jelaska et al., 2022; Khan et al.,
2019; Laere et al., 2016; S J Streatfield, 2005; Stephen J Streatfield et al., 2001; Shahid & Daniell, 2016).

olre

bl3e

LS sy Jlaml b b 5 ol ot 4 (Sogll (Sl 3 stor Jalse a1 5268 5 Cand Sipeal i (slncraSTy &) i (BLS STy a5 a3

Sl 25Ty asle il s pesdle o s 25 Sl b ool o
s o0 ( DI 5031

g Ol 35 gn s ol oo 3 45 it (s Shogzge olalS

S5 0925 ooy Jobo 0 o8 oS o b STy ol addl (gl (e
D9 ol (&S S8 5l plae Jpame ol s Js e 42

(Ol > D5 alor 5l) calizeo (gl ol 4y iy 8L (glaSTy 590
o0 (sl ki (slooJul L csloogea < Jlie (Jyied) cial oglite
(355 STy e

Laogi o0 g5 pgems (3lliz 5 4kl s (55L5 9 995 0 0391 (oS g9l oz 5f) Sl

s (29,50 Sl mSTy

4,0 ) 09,k

@ STy e St (2L oSty sl G5 9 4kad 4 515 (99

o0 g glously (5K 5 Jo pBin yo Jl 4 5l poe

OB (b | 5 g ges Bpae gl o 4 (sjims dille Vsamme | 039w plle oL 8l ok o)leus rils s 4y (5155 olSns 1) (coa 3 i 5 pglie

<\A.;5L.ﬁ3—'¢53%)7}3')Q])Qd?}ﬂ&—sljoj‘s‘;.ﬂw'i;ﬂ.a'ﬁ

(55 ol (Shyoz D90 0 O] G5 sl & e alpl 5 deyion

S Joo5 | LS S STy el 55 3,3 8 30 39 Jloto ol | 55550 o Vo IS b it S5 slogl s ln S b a3 oS

Jolse & (LS (ST £55 50 055 sl gy Oy 5 0l e S
el gy ol 6[.%(5)@.2&)']&0'5&@]44@@))!45&)1\)u;l..qu;ﬁb.’;m

sy Y9y Qi‘ Jbo (6l s alio o3l dan oolaiind (gl n)f’ﬁ)()i‘
s lie o308

o Ol slysiS o oy B

S0 g obide 18 0 g ol ol

Sl Gy g (e (SlagSTy & S (5 7S ol Jgona jsboty LS (slogrSTy ailys

AWy azaa P60 b1, LS glocwSly Medicago ob 4 5 ,2) o)l 5L o hskiey Jsbe

oo £ F 5530 45 50055 b b Jobo » o slaSTy a5 b dlie 5 45 05 o
(el 225 B 25 o Jobo

wséo&aﬂlwdp;Jwy)o@

25 0,3 oainSid ol alo b b o Vsb e sl 1) cpSTy 5T g oo

30/ -


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

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1402.10.1.3.6 ]

Nova Biologica Reperta 10(1): 17-32 (2023)

&l 35wl
St sl JLoST 555 BT 5 solam 150 ils (5,50
'M)‘)iﬂlz-“

REFERENCES

Chan, H.-T., Xiao, Y., Weldon, W.C., Oberste, S.M.,
Chumakov, K. & Daniell, H. 2016. Cold chain and
virus-free chloroplast-made booster vaccine to confer
immunity against different poliovirus serotypes. Plant
Biotechnology Journal 14: 2190-2200.
https://doi.org/https://doi.org/10.1111/pbi.12575

Chincinska, I.A. 2021. Leaf infiltration in plant science:
old method, new possibilities. Plant Methods 17: 83.
https://doi.org/10.1186/s13007-021-00782-x

Fang, P.-Y., Gomez Rameos, L.M., Holguin, S.Y.,
Hsiao, C., Bowman, J.C., Yang, H.-W. & Williams,
L.D. 2017. Functional RNAs: combined assembly and
packaging in VLPs. Nucleic Acids Research 45:
3519-3527. https://doi.org/10.1093/nar/gkw1154

Franconi, R., Demurtas, O.C. & Massa, S. 2010. Plant-
derived vaccines and other therapeutics produced in
contained systems. Expert Review of Vaccines 9:
877-892. https://doi.org/10.1586/erv.10.91

Hefferon, K.L. 2014. Plant-derived pharmaceuticals:
principles and applications for developing countries.
In K.L. Hefferon, Plant-derived Pharmaceuticals:
Principles and Applications for Developing Countries.
Centre for Agriculture and Bioscience International
(CABI). https://doi.org/10.1079/9781780643434.0000

Iranbakhsh, A. 2021. Potential applications of Plant
Biotechnology against SARS-CoV-2. Iranian Journal
of Biology 4: 89-98.

Jelaska, S., Mihaljevi¢, S. & Bauer, N. 2022. Production of
Biopharmaceuticals, Antibodies and Edible Vaccines in
Transgenic Plants. Current Studies of Biotechnology -
Volume IV. - Immuno-Modulatory Drugs 121.

Khan, A., Khan, A., Khan, 1., Shehzad, M.A., Ali, W.,
Muhammad, A. & AKkif, M. 2019. A review on natural
way of vaccination: Plant derived edible vaccines. Journal
of Vaccines and Immunology 5: 18-21.

Laere, E., Ling, A.P.K., Wong, Y.P., Koh, R. Y., Mohd
Lila, M. A. & Hussein, S. 2016. Plant-based vaccines:
production and challenges. Journal of Botany.

LeBlanc, Z., Waterhouse, P. & Bally, J. 2020. Plant-
based vaccines: the way ahead? Viruses 13: 5.

Lobato, M.G., Huang, X., Alvarez, D., He, W., Baysa,
C., Zh, C., Armario-Najera, V., maya Blanco
Perera, A., ro Cerda Bennasser, P., Saba-Mayora,
A., Sobrino-Mengua, G., Va rg heese, A.,
Abranches, R., Alexand ra Abreu, I, Ba
lamurugan, S., Iph Bock, R., nesF Buye, J., lau da
Cunha, N. B., Dan iell, H., ul Christou, P. 2021.
Plant Biotechnology Journal agg Contributions of the
international plant science community to the fight
against human infectious diseases-part 1: epidemic
and pandemic diseases. Plant Biotechnology Journal
19: 1901-1920. https://doi.org/10.1111/pbl

31/¥%)

OF D IV-TY ) ojlad Vv als o pole 5o (ng sloasily

il Pl 9wt Slad o (2L SlaSTy (IS b
5 bl sladsho b (pllisles] oo I oolaiul L o]
3y oxdplnl laglo )l cal oals (2bj)l oS L3, Shge
3y i ga (ol (Bl g ) il ol el Ollogls
(Rosales-Mendoza et al., 2020) (¥ Jgo>)

plo 4 o 2LS STy aro oo lis aslllas oyl axs
Sy oo 5 Wl A8 p0d) (9,80 (S5 (Slasls; 9 STy £l
Ol 2l (Shahid & Daniell, 2016) s5¢ oy ol polie jo
8 oeilss adlen alS )l VLP glacpusSTly a5 ojls 092g
auie Jlas b oasl adb 1) b yeiS giloirel debiy o 8 8
el Al dng slayeiS pose pges sl |y gmalinSTy
(Hefferon, 2014) a2

@lexl o S el 4 axg L e
STy oy sl oS o 2L sle sk (Lyophilization)
L gl o 1y Wil g oo «(Bio-drugs) ws; slag)ls b
oxd Gl (e gl ASFI L oS 0p3d bl sl
oo sblze (LS (puSly a5 LeS anie s 4 0d Lai>
S G980 5 S5 (STl Adg Slapiars plo a Cons
S Fg Gongn dnd s @lS 0 sl oy slanyy
wlgi oo ol o lacg p 1) wines ag Sy 55 oud algs
PLS GloirSly (izren Wsd dezr | SNl s
5 s Sk ,o & wies 2lo0igl 5 peew 3l S)le Jgere jsbar
o3l b oo gi STy & Cannd (s g3 cn i Loy
SlocmSly Grizen s Soel Bt g ooy Sy,
0 g |y St 5 (bbre (sl by Sloml iy ol
a>¢ L (Shahid & Daniell, 2016) & )ls 5,5 5l b s 4
Ao Spgo 4 el JIFBLS gl Jeame S Al 4
Olyied (FdazsS o) b (i 0yg o) oniisygl b
$lp oS (ool (Gl (Gl 2 &5 Sl (oo 095 B e STy
Jlesl 56 SVsame cnl Glp wodioe Jlosl ()5 slogSTy
Wang & ) 098 (s (Sl 15 5l ol Bras 2)le b 09
2 el San Shex oSl Oyeocnl s Ma, 2012
s SapeSly b LS 5 o8 s 5 i s M
Sy a4 ol bl (Sap aslr g0l 5l anS ade e
Spsge plis ayly olalS o Sl oS Sg sl
4yl 0939 b i g3 oo ybL 4o (Zaer & Kolivand, 2019)
90 Ll g oo Ltegh (2lS slaguSly 59, p CeslaJlo
o9 g By slp a5 S0 1) 955 w5 oulid Sl Al
(Wang & Ma, 2012) 545 J> wb lay]


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

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1402.10.1.3.6 ]

Niknejad et al. Plant-based vaccines production

Ma, J. K.-C., Drossard, J., Lewis, D., Altmann, F.,
Boyle, J., Christou, P., Cole, T., Dale, P., van
Dolleweerd, C.J., Isitt, V., Katinger, D., Lobedan,
M., Mertens, H., Paul, M. J., Rademacher, T.,
Sack, M., Hundleby, P.A.C., Stiegler, G., Stoger,
E., ... Fischer, R. 2015. Regulatory approval and a
first-in-human phase I clinical trial of a monoclonal
antibody produced in transgenic tobacco plants. Plant
Biotechnology Journal 13: 1106-1120.
https://doi.org/https://doi.org/10.1111/pbi.12416

Maharjan, P.M. & Choe, S. 2021. Plant-Based COVID-19
Vaccines: Current Status, Design, and Development
Strategies of Candidate Vaccines. Vaccines 9: 992.
https://doi.org/10.3390/vaccines9090992

Mardanova, E.S., Blokhina, E.A., Tsybalova, L.M.,
Peyret, H., Lomonossoff, G.P. & Ravin, N.v. 2017.
Efficient transient expression of recombinant proteins
in plants by the novel pEff vector based on the
genome of potato virus X. Frontiers in Plant Science
8. https://doi.org/10.3389/FPLS.2017.00247/FULL

Merig, S., Giimiis, T. & Ayan, A. 2021. Plant-based
Vaccines: The Future of Preventive Healthcare? In
Botany - Recent Advances and Applications.
IntechOpen. https://doi.org/10.5772/intechopen.97861

Monreal-Escalante, E., Ramos-Vega, A., Angulo, C. &
Baiiuelos-Hernandez, B. 2022. Plant-Based
Vaccines: Antigen Design, Diversity, and Strategies
for High Level Production. Vaccines 10: 100.
https://doi.org/10.3390/vaccines10010100

Niknejad, A. 2018. Plant-based expression systems
for protein and antimicrobial peptide production.
Nova Biologica Reperta 5: 262-273.
https://doi.org/10.29252/nbr.5.3.262

Rivera, A. L., Gomez-Lim, M., Fernandez, F. &
Loske, A. M. 2012. Physical methods for genetic
plant transformation. Physics of Life Reviews 9: 308-
345. https://doi.org/10.1016/j.plrev.2012.06.002

Rosales-Mendoza, S., Marquez-Escobar, V.A,,
Gonzalez-Ortega, O., Nieto-Gomez, R. & Arévalo-
Villalobos, J. I. 2020. What Does Plant-Based
Vaccine Technology Offer to the Fight against
COVID-19? Vaccines 8: 183.
https://doi.org/10.3390/vaccines8020183

Rutkowska, D.A., Mokoena, N.B., Tsekoa, T.L.,
Dibakwane, V.S. & O’Kennedy, M.M. 2019. Plant-
produced chimeric virus-like particles - a new
generation vaccine against African horse sickness.
BMC Veterinary Research 15: 432.
https://doi.org/10.1186/s12917-019-2184-2

Rybicki, E.P. 2010. Plant-made vaccines for humans and
animals. Plant Biotechnology Journal 8: 620-637.
https://doi.org/10.1111/j.1467-7652.2010.00507.x

P oSy oy ol Sen ¢ ol5Ss

Shahid, N. & Daniell, H. 2016. Plant-based oral
vaccines against zoonotic and non-zoonotic diseases.
Plant Biotechnology Journal: 2079-2099.
https://doi.org/10.111

Shanmugaraj, B., Siriwattananon, K., Malla, A. &
Phoolcharoen, W. 2021. Potential for Developing
Plant-Derived Candidate Vaccines and Biologics
against Emerging Coronavirus Infections. Pathogens
10: 1051. https://doi.org/10.3390/pathogens10081051

Sharma, S., Suvalka, C., Bharti, Joshi, M. &
Bahuguna, A. 2021. Potential inhibitors and plant
based technology: An alternative approach to treat
coronavirus. Bioorganic Chemistry 117: 105460.
https://doi.org/10.1016/j.bioorg.2021.105460

Shoeb, E. & Hefferon, K. 2019. Future of cancer
immunotherapy using plant virus-based nanoparticles.
Future Science OA 5. https://doi.org/10.2144/fsoa-
2019-0001

Steele, J.F.C., Peyret, H., Saunders, K., Castells-
Graells, R., Marsian, J., Meshcheriakova, Y. &
Lomonossoff, G.P. 2017. Synthetic plant virology for
nanobiotechnology and nanomedicine. Wiley
Interdisciplinary ~ Reviews:  Nanomedicine and
Nanobiotechnology 9: 1-18.
https://doi.org/10.1002/wnan.1447

Streatfield, S.J. 2005. Plant-based vaccines for animal
health. Revue Scientifique et Technique (International
Office of Epizootics) 24: 189-199.

Streatfield, S.J., Jilka, J.M., Hood, E.E., Turner, D.D.,
Bailey, M.R., Mayor, J.M., Woodard, S.L., Beifuss,
K.K., Horn, M.E., Delaney, D.E., Tizard, 1. R. &
Howard, J.A. 2001. Plant-based vaccines: unique
advantages. Vaccine, 19: 2742-2748.
https://doi.org/10.1016/S0264-410X(00)00512-0

Venkataraman, S., Hefferon, K., Makhzoum, A. &
Abouhaidar, M. 2021. Combating human viral diseases:
Will plant-based vaccines be the answer? Vaccines 9: 761.
https://doi.org/10.3390/vaccines9070761

Wang, A. & Ma, S. 2012. Molecular farming in
plants: Recent advances and future prospects. In
Molecular Farming in Plants: Recent Advances
and Future Prospects. Springer Netherlands.
https://doi.org/10.1007/978-94-007-2217-0

Zaer, Z. & Kolivand, D. 2019. Application of Plant
Viruses as Vectors for the Production of Edible
Vaccines in Plants.

Zieneldien, T., Kim, J., Cao, J. & Cao, C. 2021. Covid-
19 vaccines: Current conditions and future prospects.
Biology 10. https://doi.org/10.3390/biology10100960.

sokok ook

How to cite this article:

Niknejad, A., Shafizadeh EsfandAbadi, A., Abdollahi Sarvestani, F. 2023. Plant-based vaccines production and
conducted experiments in this case, as an effective strategy to combat infectious diseases, such as coronavirus disease

(COVID-19). Nova Biologica Reperta 10: 17-32. (In Persian).

o pmaly loie 48550 cnl )0 0 plol s talejl 5 (BLS (slanSTy adgi N F- ¥ .8 Sliwg I & gObT sl ool jauids T S15s
AV=EY Ny pole 50 g sloasil VA wgsS alex 5l ke slacslon b ablie S50

32/¥Y


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.3.6
https://system.khu.ac.ir/nbr/article-1-3549-fa.html
http://www.tcpdf.org

