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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 (Meriç et al., 2021). 
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Table 4. Plant-based vaccines developed by a transient expression system. (Meriç et al., 2021). 

 '��� 
  $;���<

(���*�&) 
��� $;   $; ?����� C	� 

  D� �R��

L�	
<��  

 ?��E�
� 

�� �
�	
8 

�� �;$   ���� �&

� 
 �
� �
 +�

 '��� '��� 

 +���-�� 
 �*
� C	�

���6 

  A�������

 K�� 

 S6�<

�%*
� 

Nicotiana 

benthamiana 

HPV-16  

)  = 
8! (
i);

OB	(  

E7  LS"�

  =9

E7SH16  

 =9=g;�4 

Agrobacterium 

tumefaciens  

6  -4 /0  %)P  =9

 )8 7���>1%)P��  

 ��
+ �!�+ (�4  

  �H
  ? ���!�

Freund 

�&)���7  

)5  

�1$)%)P4 (  

' �(
  


>K8  

 ���� �

4 	���+  

p�)+ 

IgG 

Nicotiana 

benthamiana 

4&64) +
u81? 

B 
HBsAg  

:H
  (4&;4)� 

MagnICON /  
9

 =g;�4

Agrobacterium 

tumefaciens  

64 /0 ��1�  %)P

  %)P )8 7��� =9

 ��
+ �!�+ (�4  

  %�1A1���2 .h

 �1'>4	�18  

 L��!

H
��� 

)346 

mIU/mL  

="�8 	!(  

(
' �  
E m;
G� 

HBsAg 

Nicotiana 

benthamiana 
HIV  (��&�)  

Subtype 

C 

Envelope 

gp140  

 =9=g;�4 

Agrobacterium 

tumefaciens  

2 /6  -9 /4 ��1� -

  )8 7��� =9 %)P

  (�4 %)P��1>

 ��
+ �!�+  

  %�1A1���2 .h

 �1'>4	�18  

 :k#� 

)50  

�1%)P4)$ (  

(
' �  

 	!

 6)";!

 1 ?'  

Nicotiana 

benthamiana 

4&64) �<  }

�.
�i  R� 3  

+4)G/1@  

>'u1�7 

VP1  

 =9=g;�4 

Agrobacterium 

tumefaciens  

60 ��1�  =9 %)P

P��1> )8 7���  %)

�4 (�+! ��
+ �  

 -  
H
��� / 

 :k# �  
(
' �   - 

Nicotiana 

benthamiana 

IBDV  

)91	
� 7 Burs  

 ��#(�  

/+4)G1@  

	
"�
; 7 

VP2  

 =9=g;�4 

Agrobacterium 

tumefaciens  

 %1  L>/+4)G1 @  

��� .�  

!���  L�
> ? �

H
  4  �

Freund 

 :k# �

)12  

�1%)P4)$ ��  

/+4)G1@  


;	
"� 7 

VP2 (  

	�1i  

 	!

 6)";!

 1 ?'  

Nicotiana 

benthamiana 

  7	
�19 64)&4

 (
8! 4 
G 

  T1>)+

K1G  �
;

  @1/+4)G

P1-2A  4

 �
/+4)G3C 

 =9=g;�4 

Agrobacterium 

tumefaciens  

3 -4 ��1�  =9 %)P

  %)P��1> )8 7���


+ �!�+ ��  

Montanide 

ISA 50  

	I+ j& L��!

 �H
��

)500  

%)P� 
 (  

B1�
 �� 

��+1� 

  ��AA>

 ?��P  

 	!

 6)";!

 1 ?'  

Nicotiana 

benthamiana 

Plasmodium 

falciparum 

 (
&	X
�) 

/+4)G1@  

�g;� 

!��;:G&%� 

Pf38  

>)+1T   ���

/+4)G 
91@  

 
;	��<r 

 I�)H  

 ��	��� � 35S  

4&64) ����1&0 

O�> LP /  =g;�4 
9 

Agrobacterium 

tumefaciens  

4 -12   %)P4)$1�

  %)P )8 7��� =9

�
+ �!�+ �  

Gerbu 

MM  

 L��! j&	I+

 �H
��)17  

�1P4)$%) (  

(
' �  
 p�)+

IgG 

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

1.
3.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

ys
te

m
.k

hu
.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             6 / 16

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


="<
& 	! @&�  7
8 ��� 
�"'&� %��#10 �	
�� 
1 :32 -17 )1402  (Nova Biologica Reperta 10(1): 17-32 (2023)                                                             

 

  23/23 

 

 

  D8(1-  Q4	   �   J
  %Agroinfiltration    �!
�";�  
9Agrobacterium)  :1 (!)>  !	�4  (  (h  )N !	��  =9(4	!    �1�;:GTi)  �2(!)> !	�4  (  �1�;:G Ti 

)+� >1 T  =9  ">
9  �7))3��	  (  .��;7
8   �&
&)">
9   	!  e1��)  �?�>4  %
J �  (Agroinfiltration   =9  )  Q4	A  w��  (Agrobacterium  ��  j&	I+  j&)i

M"'�O1  ;  74
B  (�1' 
u;�Agrobacterium   )  
&  4  v)9  ?�G  =9B)  �y�  ��  �!
�";�  
9  7)&`Gw��  (5(��!	�4  ( T-DNA 74
B   (h  )N !	��    =9

��;.1P
8
�  )6�> ( ? ��;. 87
 �8
1P 4 �1��+ �
1P ="\&	�)+ 74
B (h ) )N !	��Modified from Chincinska, 2021; Rivera et al., 2012 .( 

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 (Meriç 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 (Meriç 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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