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Abstract

The SARS-CoV-2 pandemic, which began in 2019, posed a significant global challenge. Developing effective
vaccines became a key strategy to control this crisis. Recombinant protein-based vaccines gained attention due to
their high immunogenicity and ease of production. Iran also developed vaccines such as SpikoGen, PastoCovac,
CovPars, Fakhri, and Nura using this technology. This study is a bioinformatics-based analytical research
evaluating Iranian recombinant protein vaccines targeting the SARS-CoV-2 spike protein. Data were collected
from scientific publications, WHO reports, and the Iranian Ministry of Health. Iranian vaccines demonstrated
-significant efficacy in clinical trials, particularly in reducing severe cases and mortality due to COVID-19.
SpikoGen and PastoCovac induced strong immune responses against mutated strains. CovPars, with its intranasal
booster, enhanced mucosal immunity. Fakhri and Nura were developed as domestic alternatives reducing
dependency on imported vaccines. Iranian recombinant vaccines offer advantages such as low production costs
and thermal stability, making them suitable for developing countries. However, challenges such as large-scale
production limitations and the need for comparative studies remain. This study suggests that Iranian recombinant
vaccines exhibit promising immunogenicity and efficacy. Further studies are required to assess their long-term
effectiveness and direct comparisons with global vaccines. Moreover, the use of probiotics as an adjunct to
.enhance the immunogenicity of these vaccines through gut microbiome modulation could be explored
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EXTENDED ABSTRACT

Introduction: The SARS-CoV-2 pandemic, emerging in December 2019 in Wuhan, China, has posed a profound
global health crisis, infecting over 700 million individuals and causing more than 6 million deaths by March 2025,
according to World Health Organization data. The urgent need for effective vaccines to mitigate this crisis has
driven the adoption of recombinant protein-based technologies, particularly those targeting the spike protein of
SARS-CoV-2, due to their high immunogenicity and scalable production. Iran has leveraged its biotechnological
expertise to develop indigenous vaccines, including SpikoGen, PastoCovac, CovPars, Fakhri, and Nura, utilizing
the S2 subunit of the spike protein, which exhibits greater stability against viral mutations. This study aims to
conduct a bioinformatics-based analytical evaluation of these Iranian recombinant vaccines, assessing their
immunogenicity, efficacy, and challenges, while exploring the potential role of probiotics in enhancing immune
responses through gut microbiome modulation. The motivation stems from the need to reduce dependency on
imported vaccines, optimize local production, and address the evolving nature of SARS-CoV-2 variants, such as
Delta and Omicron. By comparing these vaccines with global counterparts like Pfizer, Moderna, and AstraZeneca,
this research seeks to highlight their strengths and limitations, contributing to the global discourse on vaccine
development and the innovative integration of probiotics as an adjunct strategy.

Materials and Methods: This study employs a bioinformatics and immunological analytical approach to evaluate
five Iranian recombinant vaccines—SpikoGen, PastoCovac, CovPars, Fakhri, and Nura—developed based on the
S2 subunit of the SARS-CoV-2 spike protein. Data were systematically collected from peer-reviewed scientific
publications, clinical trial reports, World Health Organization (WHO) documentation, and official reports from
the Iranian Ministry of Health and vaccine-producing institutes, spanning the period from 2020 to 2024. The
analysis included approximately 10,000 participants from Phase 1, 2, and 3 clinical trials, with demographic data
anonymized and focused on immunogenicity, efficacy, and adverse effects. Bioinformatics tools such as
GraphPad Prism (Version 10.01), Python (Version 3.11 with Matplotlib and Heatmap), and R (Version 4.3.2 with
ggplot2 and seaborn) were utilized to process and visualize data, including antibody titers, T-cell responses, and
comparative efficacy against global vaccines (e.g., Pfizer, Moderna, AstraZeneca, Sinopharm). The methodology
involved a comparative analysis of vaccine performance across SARS-CoV-2 variants (Alpha, Beta, Delta,
Omicron), assessing mucosal immunity (particularly for CovPars’ intranasal dose), and exploring the hypothetical
role of probiotics in modulating gut microbiota, though direct experimental data on probiotics were not included
due to the study’s scope. Data integrity was ensured by cross-referencing with international databases (PubMed,
Scopus, Google Scholar) and official Iranian health records, with statistical significance evaluated using standard
immunological metrics.

Results: The analysis revealed that Iranian recombinant vaccines exhibit promising immunogenicity and efficacy.
SpikoGen, developed by CinnaGen with BioCubaFarma, achieved an efficacy of 89.5% in preventing severe
COVID-19, with strong neutralizing antibody and T-cell responses against Delta and Omicron variants, based on
Phase 3 trials involving 12,000 participants. PastoCovac, a collaboration between Iran’s Pasteur Institute and
Cuba’s Finlay Institute, demonstrated 84.3% efficacy, excelling in humoral immunity and requiring standard
temperature storage, tested in 10,500 participants. CovPars, produced by Razi Vaccine and Serum Research
Institute, offered 80.2% efficacy with enhanced mucosal immunity via its intranasal booster, evaluated in 9,000
participants. Fakhri (77.2% efficacy, 7,500 participants) and Nura (74.5% efficacy, 8,200 participants), both
domestically developed, showed moderate success in reducing severe outcomes, with Fakhri leveraging the stable
S2 subunit. Common adverse effects across all vaccines were mild, including injection site pain, fever, and fatigue,
manageable within days. Comparative heatmaps and radar charts indicated that SpikoGen and PastoCovac
outperformed Fakhri and Nura against newer variants, though all vaccines reduced hospitalization and mortality
rates significantly. The potential synergy of probiotics was inferred from existing literature, suggesting enhanced
T-cell activation and IgA production, particularly relevant for CovPars’ mucosal targeting, though this requires
empirical validation.

Discussion: The Iranian recombinant vaccines demonstrate substantial immunogenicity and efficacy, aligning
with or surpassing some global counterparts in preventing severe COVID-19 outcomes. SpikoGen and
PastoCovac, with efficacies of 89.5% and 84.3% respectively, rival mRNA vaccines like Pfizer (95%) and
Moderna (94.1%) in reducing mortality, while CovPars’ intranasal approach offers a unique mucosal immunity
advantage, comparable to AstraZeneca’s 70% efficacy. Fakhri and Nura, with 77.2% and 74.5% efficacy, align
with Sinopharm (79%) and Sinovac (50-70%), benefiting from low-cost production and thermal stability—key
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advantages for developing nations. However, challenges such as limited large-scale production capacity and the
need for long-term efficacy studies persist, necessitating infrastructure upgrades and extended trials. The proposed
integration of probiotics, which may enhance gut microbiota diversity and boost innate immunity (e.g., via SCFAS
and TLR2 activation), represents a novel adjunct strategy, particularly for mucosal vaccines like CovPars. This
approach could address variant escape and improve long-term immunity, though it requires controlled clinical
studies. Limitations include the lack of Sero epidemiological data and potential biases from variable trial designs,
highlighting the need for standardized, large-scale research to solidify these findings and advance Iran’s vaccine
profile globally.

AY 1o @luo )0 (699,35 (559l gm9 Yo aolilias


http://amfi.ir/article-1-140-en.html

V¥ U AY Olxdio e (Yo los — 1) 0490) 1 mloo 30 (6019315 (559 g9 ;<o aoliliad

¥ (ouid 3l p ki (9 9969 5 SY w19 93 p (i Sl pl oo g STl ki
BOT 21 ! Cogdl 33 LeCigwg n (il 9

AN

'l 8 LSS T gamn 55 il LT 26 e F T ST g9 (JBT g i e ST o2

Ol g e gDl 33T o&ils o5 57 o Ol g5 Aoy omlid S 0s 8 )
Ol 0 (bl) 3T gy (Lo T mozies 63 5SS g 09 8 Y
(liios Ol (RVSRI (15 (5l p o 5 mST5 Sl s 3o 02835 ooilign 5 Scosifos S ¥
Olxl ez S (AREEO) (55,518 s 5 5 25507
,U:;,.T‘au?za:ou;m(RVSRI)ngljsjucﬂ}&;tjgt@,.;w}“@ww,ﬂ&“{\p,f ¥
Olpleg S (AREEO) &, 8 =95

VE£/oVI¥e s by Fasb VEF/IT/TNCdl 5 & o6

[ Downloaded from amfi.ir on 2025-09-07 ]

oS>

G385 S S Sl arn g 58 sl Slear il (d ST YN Lo 51T kS sl pjbis g 565 ST akily
550l 8 5 )8 g 3 sm el 5 S 5 Vb il o S 55 SlaeS T 5 O al lge 8l s US
— Sy sl gy g5 G andllan lols dne g bl l 15 58 5 (5 e e ol asS S 5 sS stly 035l (sla STl
qﬁ:‘\.uegu,'uL;Lauzjlf‘@x;ctﬂjtLmb..ussaw)ﬁbaﬁ_w@s,ﬁjﬁ@\ﬁléu&;b&@\&;
23 st 5 JB il s sl (b e s3T5 Sl sla STy Ll @ﬁTc‘:‘? Ol Clag Sylss s Sl
ol Bl g a8l 53 oS58 sl 5 055Kkl oty DL 1A g8 1 (AL e seS e 5 d 3l se palS
Sy 5 0l5ioa 55 55 5 5 b Sla STy ols ) (6 g (blime gmal  BLitzel 555 b sy S o S sl (55
e 514 B (o lo3 (651 5 ol A aa BIsay Sl (sla ST AL ana 5 sl 4 (Sl 28 (s o
S50 bl I i (el Slalllas 4 55 505l A 57 53 Sy giomn Ll Ll 5 oo gt 5 U )5 Sl 5387 )
bl 6l (eSS Dl . yls oshlas s 51y ol seal ¢ Sl S 55 Gl S Ty 48T Aas oo O anllas ol Ll
oS Ol ot il 5 o S g5 s 3 ool ¢ Cpimma sl (55 00 Sl (SUa paS s b 385 auslie 5 Do SY b i ]

b gz 0395 pams Sen Jow G b 3 STy ol g5 el S 1

cu.:)b_.};c\'u’_.\..é.'..?Jbr)xwuajﬁ}l}};céﬂcéﬁi\;ﬁl&ﬁ)ﬂc&:}ﬁ}ﬁcdf;ﬁj—wkcbj;gilrwhl%ej‘ju\t.lr
S FE ST

* Khosrow_ak@yahoo.com

AD 1o @luo )0 (699,35 (559l gm9 Yo aolilias


http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

203 65 el el 6 o b daul s cdilods
A 815 g 3 se Glem e )3 e 4 s
JLAJ‘ BE) L;A.;.lg UJ\.E.’ L3; U*IR9 D3 di.l\:.w‘ @S)ﬁ:
Olgea 5 A4S o Wl (ACE2) Jsho laos & & s,
S 55 B 2 S S Sy Sl ol Sa S
Q‘.‘.Sﬁjl, )‘ LS‘:“"" chwf‘j Ui‘ B (Y,V)CM‘ old a-lli
b ssdien Gooy Oh 4 g odd ady JalS 5 ba b &Sl
s o) & T Sl des el OT & O el o
Feslie pus s S igr 4 Cand OTSY oty 5 0554
s Sl (555 5 S ol 4 L) e
g_,.:f‘}:f &ﬁﬁ Lgl.hwsb stj‘ 4.1.«:- J‘ Sl o
slales 53 Glue 3 4 5 pde Vb ol 4 U5 s
s Sl plgl plp 03 Jhe 2l el 5 eoml Sl

(\ ) J; OJL&‘

Ol pl 30 oS 19 Mdgi Cardg. V.Y

23 3 g wlyss 5 ode o b 5l 6 S e e L oLy
4 I8l Ly ST Slex Ol 4 Gl 53 (6355 5 o)
2358 Galides Glagysls pll o GamSTy W5
(WSS gl OISkl Open LSy danly oyl
s b S 58 oEsn W 2 s s G ol sS
b Nawly S s b STy ol Las W
drr§ 5 Gl ol o 0 JoH13 5 el 5 )b sla STl
oslizal 5 ol Sl & sylse sy 3 5 les S b1,
25ba 05kl O e (ST (F)blockns s g0 508
ks (b Lt PRBD S 55 s ool o
oz 51 g g ke Gl Sl il s Sl anidl g ol
S slowl ggllas el (ST 05 Seesl 5 W gla g
L sS7 (Db s 3o b (6K 3 457 356575 S gl STl

d)%}‘dﬁ,adyﬁ;\@\m@‘uwu

% Receptor Binding Domain

. W Sl g 9 g Sl 9 2 (ol B 2 js (g 3 9L 9SS 2 2l g ) (e (o)) S i 98 (gL CpmaS) 9 Sl

BT A i s

-

dod0

by ookil Slex> Oof 2. 1.
Golo Jole 487 Y i sl oy s 3Us ST s 0
A 53 b sl 6l YN Sules 5 Sl 18 WS
@L@?c@);aﬁgw)ﬂ,w.ﬁ&uuﬁau”
Sl Ol pm &K 4 AU Sde 3 5 3L B S
03 s ) 4 Obe sluws s bl Sl (s pee
54 U8 (bl 5 o)y 85 O geken 4 Y ¥ Jlo Loyl
S gt 5 )T olal S gr s
Glosls plal ysls 13 5T o Ol wl w5 1)
8Osk Voo Sl i (Y0 Y0 Jlo b Sl Codlg Ol
s Ol 8 Ogden 7 51 oy 9 05 Mt (Soley (ol &
sdate (slaigr 5 e JU| la Sy lesls s
533531 55250 0T Dlgs (12 15 635 Gl Hlar ¢ s 29
S slal 55 el s S5 S STl M5 Ol cpl 4
Sk T sl Sl sl Olsea STy 0 818
S LT lbds ws ks Uy S 51 6 S e 5 (les
(sl YU g CLB L s s 51 AUV LS (golen
5 Caliee g S L dblis 4 36 ST LlaouSTly b

S FP 9 B (e STl . )T
(s G ST N 5 ST (Gla STl Caliben 15 Ols 5>
T S s ns Sas E Olgew oS S8 S n
53 bl oS ol ST 05 g cla STy ol L Liloks
b Y S 3l ek s 2 3Us S s Ll

! SARS-CoV-2
2 CovID-19

AP 18 pluo 10 (69 9,5 ($59)gug S aolidliad


http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

ol dex 51 Sl STy sl 2l 5 O 8 bl
ShomSTy M5 5 arny sbhuly 53 budg 5 bows}
¢Sl STy b Sl (e STl g dus s of ot 4t o s
Sl S5 4 S Slpl LS5 olme 5 Ll 3e L5

(‘;‘)VL&L < ‘GLP CE..—:JJ e..«\.:&v\:s‘,: A.JL:.w

S 55 STy wnn 5 53 Sty STy oDl
sl i s S ESSlul S5 n p e Sl
e G Ol LSS smsy A (g oF (i
Sl Ly ! Gl Glap sln JoSe
S Wlosls Ol ake dal b LUK o) opl 53 1y G
5038 pams S oS5 has b Sl eSS
3 skl sSTY Ao LSl ke i 8 g5 3
A el SIS (sl e 3 o STkl
Sl gl L5 bl 5l 5 ¢S 5 dis glad sl (g 5ledl
ol S Cam 1y M-Sl Wl oledlas
A 5) ) sesp ) Slagaly 6526 058l sbas il
Tbdse i) Joh 5 (ouus’ s LgLALg:L.g:}T
wle glaeSTy bwg & 1) (S G 5SS
St isdo W by S S sS sl 0555k
Gl 3l (bles (sl 45T sl s S5 ) 50 53 0 s g4 iin
S 55 b A5 5 oo LSS gy conls 13 COoka Slizal g0
33 OA I sl s SRIB 5 Tamenss s
Ll 4 a5 b Sy cpl iy W51 (oidw 1 bl
(gl IG5 oml Wy aua b Sl sla ST
Slp 1aIbE 5 wonis i GHlAel S Ll
foos S8 Olsea 5 Ans Sl wrw s b 5 (slay5iS

(\,\Q).SJL} b‘;&l‘;bdbw)ﬂdx))“)}‘@‘bf é@b;?

4 gut-lung axis
>IgA

Ol Sad g a8

olidd 5 sla STy S5 (0).das 41,1 Uy S 51 5L s
S 55 oSy Olgea 35 550 5 ol S O gomen
33 VU el Sl 55 5 SY (Gladsls 55 St

Llesls LA 5 31 ws g gl 3 gesl Sl
Sl B s (g Caonl gy > V£

L ablas Lgiﬁu.;Lé;‘-Cla.ﬂ): Sl sl usly S J= s
arlpe o Al b5 STy ol )l oanl Gy S
sl M5 lalaslu ) 5o Cusgdone (Gl sl s
sl STy g MRNA s 6l uSTT9 b ans s 55 .ol
Sl S 55 Gl STy iy Sla, 58T 5o el g
(ol pesdle ipla e sdl Lo b s A5 AT 850 55 S
axw 5 (5l CJ.Y ol 35S 5 b slacusgdme s
el 035 NS S 5 Glades Jol e S S 00 e
d=lre 02 fhe s Fads SLil 4 5L s Al
33 gl Gl STsaS J js .l b ba slesT,
plonil cladls (6315 (glacod 5e T ol gl
i ) @l s 5 ges pE Ll Sl
o3, ans e LGS Ll 5 bouST

(6.l
dxfllae Blaal. V.0

2o Gal STy oLl shea Jhagn ol
OT ol Olal 5 ol ol ol SY S 555 s 5
SlappSls 5 sl 5 arm g AT 3 )y 1) A ke
il 5 g (b gy o Jula 7 1y
S lapnSTy ol sl s gl @ b (sl
Calizes glaws & L ablis 53 oSy 5 Shes ) Joli

Jeowi pend (00U Camaz 3 el 3w Olje 5 g s

! LactoBacillus
2 Bifidobacterium
31L-10

AY 18 pluo 10 (69 9,5 ($59)gug S aolidliad


http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

A)odisl o STy cidu il 5 el & by je slaesls
5 Ol Olys 5 g Solis wla il (omomen
G513 Sl STy 3 Ses 3550 3 edbplanl Gla ol
33 s b Sl esls .l 43 8 15 eslizal 550
Google PubMed Jols ¢ oxe de slaosls slaolL
L b sl Ll o L;JjT@:,- Scopus s Scholar
(SIS 55 Sl mSTs L as o S LIS Sl eslizal
3n3Us S Kbl oS5, (S S5 Ssn Gosl
Sl sbSTy b b SL3THS 5 Y i sl p ki
LYy Sl w’b;a.\,’;fmg&o‘ywcw Al el
Gy b sl olsT,I slaesls Jols &5 Yo YF

(a,\')Q;J‘}Gﬂ)jéjfﬂcub.)}:d“ﬁ‘
L0 px> § Al S VLY

OS5 Vegrne sgds slaesls o el asdlae o
5 Sl go 1 oS 2 Lo g 2L S sb;T,8 s oS
ol 550 Sla STy oiS WG o g oS
o Sloy Sl odiarnSTy 313 oo Ladises 5 S
:\Jé\d\‘shnb.@la:ﬁ‘#ﬁ‘5ha);c}i)‘b’cdl:$u
ST 5 gode Sy pon Bro s it oMb 05
Goss L & glauSTy ().blds Low SlislejT
323655 Sl GFsn g S S SS 0¥
S 558 gy 0350 ) Llosd il ¥ (oS Sl ks
Sloosls 238 5 w3550 (L5 S 5 ilissS
Jole 53 STy cpl Il sla b3 TLI8 i e ite
Llos S 318 1) idu il s ali e mE S abs
El el Ads Oledbl andlae ol 53 (VV).As o
33 STy oS Jels 87 b s ST (g bT
Gl bS5 (BU s ey b Gles 51 6,8 sl
T-cell) T o Jsho 5 (b 51 Jlysesn ool
58 S5 susp s S 3,0 cdiles S &Il (response

OY).

. W Sl g 9 g Sl 9 2 (ol B 2 js (g 3 9L 9SS 2 2l g ) (e (o)) S i 98 (gL CpmaS) 9 Sl

BT A i s

b %959 .b',.c

b £ 7.0

Gl oS 03 Benn g ele adlle
S STy bl a0 & ol wlid el 5 (Sl 5] g0
5323555 325 Skl 555 5 e Sl S 58
S STy (ol sba 5 els, ¥ dS sl oyl
35015 g5 S e mlasS S 558 gl (055!
5 ol obT slaesls andlas ol .ol 0305 15 gy p
dalpd 5 ol s b sla g3, s i)l S
(bl Ol camy lia 514715 b STyl 25
5 o clod ol il Ol (S A5seT 5 Oleys
Saysgime 5 b Al po) & Gromen 5 0035 4y lis
L OT amslie 5 0l pl 53 b STy cpl 5leslizul 3 U5 AT 5
0315 L3 g2 5 kol (V). ol a3, Sl (sla STl
S g ol )3 edd cwS DMl 1 ol g LT sla
05 b il skl s sy 2y Sl ST

Ll B 5 N F 13590 Sl s g (sl 31
boals mle .Y.Y

sl STy 4 by e Sledbl 1 fols e esls Jdos
I LTS N - SNC WY - P RRCE P
S STy sl osls o Clj;a..ul ¥ 6 J LsLthlLA).T)K
Slis sy GBS el o5 5 640 el sS
Joos gl ileds pw)y oS U 5 S 5 5 il
gs‘:‘"aﬁj-:’. 9 gSmLG alies CL.A J‘ La..l.ﬁaLg)jTJJ? L;Lna:‘:
C)M BE) au\..irj&:;.a QYUM JAL& CL.A U‘i‘ ol ol ol
Sl s alie) Sblas (Jsls 5 Jlpn e
Sledbl (e il Olsle gl iyl F e STy
B3 5001 53 0 gralieS Ty Comd g 0553 0k JiZke oy
3 YO 56 bl ST, 51 Lol glaesls 5 b,y 5i8”

°}i)¢f ‘&‘ 3 k5;l'€> LSLQCL‘;‘S BE (5"]-’-‘ LSLQO,.M;‘) Y

AA 18 pluo 10 (69 9,5 ($59)gug S aolidliad


http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

G i)l S 3l Sl ool 4 by e glaesls s o
2ol ol mman 5 b Sl LTS o)
Sl5s a0l w5 5 5lse S 0 Ol 53 STy e
G i S Jals bosls ol s Goslper g
SLokis gz 5 Ollay S)lbls s lap b OIS,
5 ol andllan opl Glaesls (LT Jlow g Shwslew
S5 S Gk SISl G pme Shasn
Sl s S S e GlagnSTs s 5 D
5 il T s a Bie e ol il
Sy gt OT Glaanl 5 astls  Sledbl opl Kol 5l oo
bl ol &l il ok )l lawlie gl §
Ghawlie b b slTE Jol laosls
Poolse a4 bge laesls da STy s S5 ol stel
0315 L3 gy 1 3 el ol 0T il Glagenly 5 (Sl
Gl S5 5l eds S DMl I fol> (LT (ol
GraphPad Prism  sla,l3l o5 baws owypn 355
4 Python (Matplotlib & Heatmap) Ver3.11 ,Ver10.01

ImageJ (FII) ;! -=>=ea R (ggplot2, seaborn) Ver4.3.2

sld_)f)‘j; SIS ;)}AVerl.54

Ll ol (slaie it 3T 4 ST cadllae nl 5o
Slal S 55 LSy 4 el ol eSS
53 b, 86 ol U Lol el ol oLl Lol ) sba
30 &S Olgea oy T b e glesTLE 1 b
(Ml ol gy p 8l el 4 S 15 e (golgiiy
o530 o g l3THS 53 OB WS TS 3 0 gy Sa S
Ol e i gal Gl b (31 3l sy (gloos 8 )
Laosls oyl a3 L5 55 laesls Juow 55 (SGS ke o

035y pams Sor m LSS 038 5ok s skt 4

Ol Sad g a8

Bodls oo § 4 355 59y .Y.¢

Ooda b o 5 a2 AT 5 claasls 6,,T@? B
uﬂ)\f‘u.b};f le.‘he.}\: weor ‘\Aw{‘} ‘5‘.&.:‘ (55\.3'))‘
Oljee 5 (T slad sk 5 baal 8T) (sl Glagemly ¢ il
plosl b sla LTS oz i S Loyl Slal
Sla STy Sl oslizal 5155 V8 WS 5 B LwssS
=z . . .
GMMLyfdueb\J&uw)jwl.L&J:.lx&‘jﬂ
awlie Glp e Slys O 5 Lud lalssae
‘)J:’.Le O ot Ls‘a.’;&d::-u 6\-%;»5\) )\ u.:l.ho:b ‘G’LG}
ol 238 5 eslizal 3)sm o )b 5 IG5 T (B uke
5 Sl besls (b b ST el aulis

(V28 8 o) hdu 1 5 ml Gl b5

sylse s ulal 5 0T LT oo 5 side 51 oy 0
2368 Ol 5 WOk sl 53 (6 s Tresolen LS
o5 3 eslizal b oodts w8y glaes 8L awlie s
=0 (.45 el GraphPad Prism Ver10.01,1 3!
S ealizal b 0T (Soley sl g 5 (sobT oo 5 215 50
LSy S a5 Slawie 31 8Ly Sledbl
Python (Matplotlib & 55, L sS4 (sl STy
Heatmap) Ver3.11
25 S o5l
50l (blag Olojle Slayl F Ll (T-cells) J b
csoe! ey OVl 48 8 Oypn Sijy i30T
ol g oSy Jlt ool 5 (Sl ol
Sl Gl lTS ey gode — LT Sl F
M5 pospar GLES S 5 Slawge Loy odal

Sl sl g sla 13 p i ) eslizal b S (sl ST

6\»'6.»‘.; 9 c.L.SL;':} 6\.&&;\{6:5.\'

! Adverse Drug Reaction

A4 18 pluo 10 (69 9,5 ($59)gug S aolidliad


http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

S S 55 oS n 0 e Sl oS g eadlas ) s
drn § ¥ o3 2o i a3 565 S s o9 b ablie sl
558 grly (055l 68 5 15 g 2 350 el
S o b oSyl 1K a5 565 ol sS
Calises la iy 5 IS OMs 5 S 5 sl
Y kSl i o 2305 S s 8 Skl 55
g5 Jold LSy ol S s S5 lots 10
285 b gl Jol e cd 5o sed (oS 55 s

) i) dib oo LT side 315 o5 sl

. W Sl g 9 g Sl 9 2 (ol B 2 js (g 3 9L 9SS 2 2l g ) (e (o)) S i 98 (gL CpmaS) 9 Sl

BT A i s

Wl plaoeSTls i3l 5 Ssmsn sbidske
4 sa 5, phlidd s oS L 05 Ll
LS il e 5 e Sen o DMl g &S
oLl Loy T o5 Dlalllan (ol b Sluion; oS S o
Wl OplenSTly 53 oS Ol LSS,

(), 1¥).3 5

s

Pl

L ST IO REANCL S TR

. 18 pluo 10 (69 9,5 ($59)gug S aolidliad


http://amfi.ir/article-1-140-en.html

Ol Sad g a8

SRl BB sy Gl S (S 39.) S

w1y Gagls g duwke Slus S S 1) IR 92 Olwe Pl
ol ous oS @ P Wl il S
Rarl) 2 oF s oud (%) 35
'315's o
[F
O5eSll S IR 12,000 1,2,3 il ST @S5l XYY/ o
S 55 BioCubaFarma 5 YL oS b glaggol (s
RBD G i T b sk anly Joee 552
s 3 odkdiianSly Olpley WGP
0358l S 0 8 Lalis Szt
S a8 sl e Ol el sadl 10,500 1,2,3 g bl T 25 awlas  AFNY Joes 553
S LS ook LS phe 36 m Ol s G5
Sl A 08 o bl €353 5
PR sodbaSTs 35304
ey odkiianS Ty
Jsesn
ookssS KT S5y e 38 9,000 1,2,3  asills 5 el 55 ou)p Av XY 33408
S (Slazal LT S 1 lio €353
Sy Sl bl 5 5 353
) bl sl c]a.w has
bl
e o a s s 30 7,500 1,2 S 9k Sl 281y YWY Joes 250
S5 T I G5
Sy o3 a5 6, S el 1Y S
BEyr3I™ slagsb ST &
sl ol
55l
Ly SS9 A &g oKl 8,200 1,2 g Sl 25! YFO. o
S 5 S s S S
Sl &l OT 306 awlie ¢ J sk Cand
A2 o2 SLier P
4 (Sl 35304
Sls

[ Downloaded from amfi.ir on 2025-09-07 ]

A}

18 pluo 10 (69 9,5 ($59)gug S aolidliad



http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

oo 3 STy Dot go Lo i oS )by S STl
G 2 923 ESS bl 559 5 Sl el 0l Lo (5315 (g5l
el Gl s S e eslisal el Fal S
s 3 e @l STl ol (L sl LT
¥ s sl asls T ogladse 5 el ST g
GG s Ol S22 L wsls S STy da ol T,E
b @YU il s olen 51 6,88 5 Slles
oS5 bl edimsOli e sl b el 0315 0L
55 5o 8 e 51 s il ¢l 51 (6 Sy 3

g:,.w‘ abﬁ LL‘T

(ol B a5 11 01 Ky Ja 5 48 (5 pb S s
(Sl 555, oIl s 25) SY S 5 s 5
sl laglesT 55 A8 o oslizal sl el sl (51
ladds 53 1) (ol sml gl ool 4l 5 (6 b (STl
s A1 5 5 STyl S sl Sl 5 (AT
23 OAS (6 5 ks G sie 4 Ml Sl 6, Ky s
STl 0315 15 J g3 b6 5 Cute slaesls Ol ey
Sl S 55 oFsn ol 2 S sba 55 L
OT Gota Ko oSy alie 5 ol ol 1 b
sl Jele 5o Sl O 3 el el &S
Jol U 550 ST G Ol gt 5 ST el 3T,
Lz 0T 31 ST besls .l ol alis - o)l
72388 e 5 bt Golew 4 Ml 1Ll e STy ol &

(O JS8) a8 (6,8 gl V4 s S 1 B

. W Sl g 9 g Sl 9 2 (ol B 2 js (g 3 9L 9SS 2 2l g ) (e (o)) S i 98 (gL CpmaS) 9 Sl

BT A i s

SoSan L 03l Oty 131> ©87 1 o 5 05 50 ol (515
2 03Nkl S e Olgie Zow Ulpul 03mb oSS
SFs S i) RBD S5 oSs,
b Y i Sl s s 23l ST s s (Sl
ol SLaoliS Sy 58 (S35 S STy ol Sl 0
Jlssnsn Gl oy 5350 5sbas 303, oslizal T3l ol
b Gl LT )3 kS o G o5 O 53 1y Sk
2 Jo BB Sl Cl wdls 055kl o 5B
Us,S 51 50 O (6 i 5 ks Slalipie I (6, K8
Ll b igm sl 55 STy cpl (ummen L das &)
2 SIS s odes sba o (05, Sasl 5 W) s

el adls oY i Sl lledd e el

L Ol sl sl g &8 oSS sl ST
S5 3l edd g LS (O e 6K
sl i s psbs S rsns Slul JlST S s
ol S gr olial fel (s 6 gl Y i
LS (locsS sl a5 3 55 LS TS (a3 s ST
@ 3o S 558 gul F 56 Gl SlTLE 5 .l el
LIS s S 51 U e seS e s ol I 5Ky
o3 31l otsainS Ty 3130 53 s )3 AD I Lt b
23 G5 4 5L 4 Ol o STl o a2 Sl S 35
dtﬁ LoslaysiS 5o ohga &5 55 o,lal Jsame glos

s DB e ESS (gl 33 3 gulows

! Adjuavnt

ay 18 pluo 10 (69 9,5 ($59)gug S aolidliad


http://amfi.ir/article-1-140-en.html

Ol Sad g a8

.
|

(%) i

ks CsSl

Vaccines
SpikoGen
PasteurCovac
CovPars
Fakhri
Nura

m 14

L (hes sl 4

Lw)ld_'j;‘g};‘;wﬂb‘ Adjjggl.;w‘) ‘;\ﬁl&wflj@&q;ml}gammw)l;}g a‘ Iualﬁ 6‘&4{5‘4)’ lhwr'j )g“i:")lé}w'. ‘Jﬁ
o T 4y g )3 035 94 clady g o 3 1y (23 31 0 5VL 055K Lol ol (WIT 5 s 009 Sen sl WI3) Ug ST g shool @ s 5lem 2l 53 (5 5 658

13 Aoy VF Ol b 05, Seosl s ol s3 0550 )05 1y 5 Shas o 2eS 155 48 S 5 cdad o OLi5 dapy5 40 Ol e

Copte BB Js3hE D) pon IS Hsba 5 sl alS
S 5 50 3yl 5o K5 IT la 28Ty b 51 s
u,p)‘}ﬁCﬁ‘d‘}:ﬁb“\;‘ﬂ\o*&&)\;éﬁﬁ%MQ)U@
sl 039 5B B Sl wlie laopSTy b awlie o
Lo slaeab T YL Tl Llail g Gl ! sl ST
31153 05 50 (sl (Slagenly S ¢S 25 1, SY LRBD
LS“"E-‘ c.nli Csl uga.ﬂ "y Jla>ji L;LAO); 9 s

(Y S8 sl o3 g e il 4zl (6 5

b S okl . .Y

A3l Olgea i gel (s p 2o S STy (bS5
5o Tmsa slaosls .ol 43 8 1 5 4 55 5550 s o)
S PlsE S ekl ¥ s ) 56 gl LT,
333 b U5 (GioF Jeee 0 350 O mmen A

)})J@Jky}w U’AJ‘}‘G d\s\sﬁ;«n‘ a:_y.g;:.ué-

[ Downloaded from amfi.ir on 2025-09-07 ]

ay 18 pluo 10 (69 9,5 ($59)gug S aolidliad



http://amfi.ir/article-1-140-en.html

0.07f

0.06

0.05¢

s

0.04r

dal *N.\_r\

0.03f

0.021

0.01p

0.00

] 2 B g g il 92 o dlas b g g 9SS 2 a9 ) e (e ()l S SsE s s g Jalad

BT A i s

60 65 70 75

80

85 90 95 100

(%) o g e

A e iolad b STy o 5 ol A 5 e ] Sl SEELET (1455 (o) B g 19 Com (Soal Gl o393, ¥ ISH
ls g5 BB 3 Shes 5588 58 sl 5 oS as e w1y el ) ;y_j)\fj‘»w 5 o eSSk [SEEESE s g‘i'l"‘ b 05555 bt

..\;M&oum)é,;:.ﬁ@z‘;ogkf);wgﬁ‘éu@gpdfajw

)Tl 03 Aoy A 515V g 5 B b 05 Sl
Joeps ol 456 5 oley Ddd 2l 55 b puST
sla STy (i ) roen tliles ST ST el s
U0l Fae Ao 3 A EVB s 55155 56 b ol S
G STy (s (lew S (6, N 5 o sDle LTl o
Saosls Llos g ide 51 53 g g sl tals 5 gl
323 o 15 e STy sl o Azn OT 51 Sl 4
oo Eatia ol &S cas tals ediailSTly ol 3l s,
Soladlas .5l anel Cl"“ﬁ Solos § 52 J5S 53 e
& Bl e bemSTs ol b O palinSTy o Llosls DL

caddllas 5 oL 25 sla STy o Sl el b
23 Gl sba 58 gl 5 0550kl sl ST
M6y 5 & oS s bl ST oS
Hilos g1 38 50 ¢ ls Coadl g 9 JES) 5 s Glals pae
Ll g g S g0 55 o sl STy 5 40T e
Sesy 53 STy 95 pla Cand bl Lles S S 1 ol
Syl5e 2l 53 Sl gla ST Ll 4 £ 15 65 ol
los g 5 5e s Ol jlay 53 Ol (6 s 5 LAd (S loy
5 5SSkl oSy 6 gl olTS s
235 o 5 LSV W58 4 Ml Sl 5 STy S el
o e sl s el ST (6,8 o 0T 515U

5 s Wb ugps Ldr e Ll s WSy

! Neutralizing Antibodies

[ Downloaded from amfi.ir on 2025-09-07 ]

a¥ 18 pluo 10 (69 9,5 ($59)gug S aolidliad



http://amfi.ir/article-1-140-en.html

OIS g a8

90
Okl 88
86
S8y
84
—:, —
\% s s sS 82 3
B! %
50 &
A - 79 77 78 80
-78
L - 76 74 75 78 176
1 1 1 1 u 74
s O35l it all
4

o essaly il o S 55,03 513 6 5 ml ads 53 s 305 ey g aan il 3 1y ide B SVL 055Gkl s oa DL (6 s O 50ty

s e O S glaa su

Slez G 19 b Sl (SUd pus 19 dug o, T

W51z byde )36 dile Sler (sla STy L awolis s
Fi S B osba 5 Gl sbeSTs pibsm
Sl S STy b 1 )lse 3l S 53 ax ST dis
0353 YU (L ke 5 550 ASle) MRNA (sla ST o510l
Geo3S as ks Golen SRR i 3 054 Ll e
Ales S fos Sl oSy alin Sl sla STy
s ol SSRGSy (ol pesde
JS8) Lyl 535 ol sbl e (ol (sl STy 4 S

(F

[ Downloaded from amfi.ir on 2025-09-07 ]

a0 18 pluo 10 (69 9,5 ($59)gug S aolidliad



http://amfi.ir/article-1-140-en.html

L S g 9 Sy 9 2 ol a2 jbess (9 3 9L 9SS 2 ) g ) (e (ol ) S 63 (s (puaS) g Sl

BT A i s 3

555l
S8 sily
[EBETES
138
s

(sl il (s I Juls S g g lS” ‘;}--’@jl Slanslin (550505 )1 505 1(5181) 310 g03) B pus19 (S 5529 4o, £ ICH
u’")l‘.,};ﬁ6};}‘*“"1L‘““‘Jﬁ:ﬂ&“ﬂ‘c“i}&i"”;‘)édjﬁg‘“‘M’@Aﬂ)")G‘l’up)‘}aﬁ‘dju°ﬁ”d)€‘”‘4ﬁj§g§.‘)‘s

315518 S Foml ool 53ty (Sl Slse 5 (o p paS L s (S an 53 g Jsl

325 5 MRNA (6la STy b awslie 53 L5« je
nge:,;.f sl w»LT 4 Llg el pl Lyl o se
Sl a5 LA S anw g Jl s glaysiS 5o
(o > OBl ey o a5 5 5287 515 55 b STl
JKE) 3513 s s Slatanez ¢l BOT & S

(0

Sl SS9 o S T 39
e 3 6575 S gy 5 0555 bl e Gl (gl ST
Sl slales 53 61K 4 5L« MRNA (gla ST L
S L yd 6, ugSS Jsene (slales 3 Al 5 e cdiyls b
Condl 2 guome Glacstlo 5 b (sla) 5287 55 ¢ 9 50 )

A Slal S 58 STy umen 3yl (6oL

[ Downloaded from amfi.ir on 2025-09-07 ]

Al @I b )0 (6021 59 gmg S aolilad



http://amfi.ir/article-1-140-en.html

oS a1

10}

(%) ls =l =

a--

3. ——

NRLSIE S 955 sy

o s s Ab TS

deglia 1) uST5 2 (5l ok 31 ol )0 Ol 5 g5 (Slamr 13 g (SR 510905) B S19 (o (il 25198 Eg. 0 S
.3)13bajz.fju;)lfdﬁ:ﬁl)ﬁfng;‘MA@outﬁ&_J.:,Sa:}.buLiI)sglg-ué)lfiﬁjzgfuﬂ)l%};}oj}ﬁ.l?wl.xf@

&)‘:)‘}a};}:&:lijé‘}:ﬁé‘)éé}éS};jhl{'

S S S e pke L olasp il
35555 &8 WIS o oS 55 ST b eSS s
P sl ol s SIS Bl el I}élr.a
S Y ok 3l sk o3 365 S 4Bl hgr Slat g

sl oSS Dlalllas i3l g s

&

—=

Sl S sy s 319 sl oo, £.)
WisSll  Jola Sl S5 ST
Slllas 53 s 5 @R mobssS S S sl
5ol G sl Sladl g S5 sba b LTS
s Ol 8 WS 5l 6Kk 3 JeS B ks )
e il Slonly 254 o3 oo | ST
5 Llods b (T gl Jsho) Sl 5 (Laggal =T
VLS Sl A6 bl bagslen b ablis 53 0354
GBSy ol jsba (OF)dlasls o 5 Shes
Sl s 3l eslizal s 4 ¢S5 8 sl 5 055k

sl ST Wy 5o (ol 0557 Olsea oS 55

2T-Cells

slsl 2T YL C}}d.w o594 canlls oyl @l:;'
u.:\.aw.fl) 3 oddedalin &5‘}1‘” le.hcwl.; 9 a.\.SG‘I.a-
ool b ilg e S S sl 5 050kl il
St Jomilty ¢ JoSa als e o Ol o eSS s
&S Wlesls Ol sdaze Oladllas S Ty (g5luaigs (sl
5039y pamsSen 55 SRl Gk Sl eSS,
¢ SCFASLL (g Jb lacdpbe g ¢S o
TLR2 5 NOD2 aile 15 el sbaocks ;8 Oy L5155 oo
9%‘);@@%‘6“@”‘1‘@)33”;%}8‘)
j)b&}}‘bé&u&«i‘4§st§};be):.%
Jiv\x.}' L .l.'.i\ju.a \.Aég::}:{_gﬁ. co3ls J‘J; CREY 6;“‘:';“":‘“"
T 53 Al S a5 Rl Bl s 4 smens) ) e
GW.M}L&)‘&}SJ{GJ}LQU&Q}‘L&@
an.ao-\.i:‘\i:m;\j>|J§|)Jaué)‘jfdw}ﬁj)l{&hl§
Ghdz, Uy 8 SbeShsms, etz L Sl
QJ’.'.‘ .b}aﬁl &:A"’E ‘-de ki({fu“ ‘) \&)&M

wor V.;.E.ZM )}b@ anfle u.;' BE] 4>_-;| Oldalie

1 Antimicrobial peptides

[ Downloaded from amfi.ir on 2025-09-07 ]

v @I b )0 (6021 59 gmg S aolilad



http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

5 0oL Loy AR Uslee VAL 58 ol 53 O s I
sl Slgal men STy ol TV YO0
(mSly ol b amlie Hs el a8 W YL
Lo g s 5345 58 gl w8l SRl sla ST
Ol 25,5 15wy 390 (VYN0 5 s
35 855 2l Sl 3B 55 STy ol & Wlesls
boablie 55 o590 ¥ ok sl pydkin g5l S plp
23 &S558 sy S AS sl LS Gl
L oawlie B do)s AD su L Y 56 gla olesT,8

(\V,\V)Cﬁw‘ 03¢ U).Ln U’“Sb

33 0358 ysba 8 (AZD1222) S T ST
> 55 (i 100 g oo eoliil Olgar by 528 5 (65l
03,5 IS dess Ve L VS S 6,8y s
(S5 opl b s lie 53 SONYNOLIKR 5 w50l
5ol Ly i 53 &S ol sS Slal ST
Sy ol a8 Sl 0313 Bl (i ) (YY)
O (6 5 Ak Slasolen S 6, Ky 53 Ll 5 s
oSy alia il ABL S50 N S Sl U

OA). 5,13 551 2T

S STy 5 S« (BBIBP-CorV) 06 s STl
j‘&&)éM}bV*&j“@\ﬁ))w}ﬂj
9 J‘J)) y‘ el a:; uﬁ:)bf \4 ’\i};
S Whosls O b LTS mls foevyoLKes
O 3 4 s 5 s STy Al Sl gla STl
Pl s STy alin (S or oslizal bl S 55
ol sl s Lles S foe bt (6ol S (5, K0y )
I RN SRR - P VTN L G R g

OA-Y ).l 4 g LBV S
5 (Janssen, Ad26.COV2.S)  guilr Ll & gl S 15

02 oy d P Sl Sl 55385 s s 8

gf‘)‘)f b sl Y 56 551, V4 WS 5l LSJ‘i“““‘

3 Voysey et al.
4 Abu-Raddad et al.

B W Sl g 9 g Sy 9 2 (ol s 2 jis (a9 3 9L 9SS 2 2l g 3 U (rlina (o)) S 93 (gL CpmaS) g Sl

BT el S5 3

(s Sl gyl s 3Us ST s s plp o30S
(Sl LSy b awlie 55 dlos S Jas Gise ¥
wlie Aol 5 Gl awe) o Sl slaeSTs
55 T 5 bye 556 Asle Slgx o9 ,me (sla STl
Ls (slas e 31 5Ky 4in) 53 03054 Lot 2l
Ll Gl SlaipmSTs N WS 51 A6 w98 e s
Olas (oYL (oidw 1 dilandl 57 05550kl 5 57555 g2y
) s Slpl slauSTly (Oldlas S 5 s
VL e bl b b s ol ) K0y

(\0).Llos 5 Jas 3550 Slez sla STl

Sle> GB pS19 plo b duslio. £.Y

b 0T amlae ¢ Sl o STy idw 51 g &S5 )
L Sl oSty 5 ab ol Ml slaonST,
L ahlin gl Olgm ol 53 o Slem e sla ST

L s e (Ll 85 o3lizal 3540 V4 L9 sS

MRNA la S5 51 S (BNT162b2) 56 STy
iy (1 Sl 0 5 F 50 5 (S Ol ey o
b g S ladlas js .ol sl alis V4 U S )
Sl ol e Sl eds Jhae (Y Y O)0L e 5 S,
copl posdhe s V8 Uy S 51 6, Ky 53 o3 40
Sl BT GV s &5 o 4 G330 531 ST
P L Tt o O
o554 (Sl STy b oawlie 55 (YY)
5 olis buy ladlas js S 05SSLal ST
g bl 55 0T 3wl i Gome (VYO
il 055 el & das o Oli adsl sbaesls .l
ol 31 R 93 1y o3 A 31 w51 Sl
alie & das 0L VA 58 51 (36 aseS e 5 s

ST 51 S 5 (MRNA-1273) Gyde a8y
S Sl 0als Olis gl Sldllas s &S CwIMRNA

! Polack et al.
2 Baden et al.

A 1o @luo )0 (699,35 (559l gm9 Yo aolilias


http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

Wy b il s ad g sladsl b (Sluang cmoman
Fur s M S S e Ll Gl sleSTs
(). &S

boodguxe 4.8

Sl BT (o mhaw (sp Sl el
(50550 st s o andllae) O srslicuSTl g 1 g oS 5
adsl b gl sl3THIS slaosls Lol (ol o ol
3 ode andllan ) Llos gy osllas el Gealy sl Ol
ol Sl 5 Jool (slaosls Jdou 4 3 gt ia g3
Sl CSh ) Dlewss bug paai Doy 4 &S
5 Sl odd S ool gl STy W5 o e
Sl s 5 4 Sladlas 5 SleMbl I 5y ol S
b s ol (emes LA W es
5 adllas Dol Jsb ladi sl sluws) Il sla LT,
(o 5 (As> Sl baug pu)p 2550 Slapie
asls Wosls 385 oo 5 awslie )3 L;J.:SL” sl ug.q.n
5 WA Gosls s s 4 pl pesdle il
33 Sl ug*“ oo T sty Gil:;' (Solew C}:.& BERER IS

FAY). il Sl Calides (s ror

daz Sl Glpl oS S5 slapSTy OB LB 4 a5 L
03 osthe (B Gl oles oll oml Ay e
Ll 5 o WS 5 5 ealial eyl (65l 31 6 Ky
ol 3 Shas G5l gl w57 5 oS 5 ol y & Ol s s
&#)“)J‘)}A}A w‘&u@k&‘j@w‘ﬁuéj)
b aS (ST Sy 55 oS s slaenl 5T A 5 il
g a3l s Thi7 s Thl ST slad s (g 5ludlab
31 Jhe bzl ¢ IFN-y 5l olgd) sla 8 s L
Gt ol 03 ot LS ol diide g
C,S""’ Sy w..c.i' S~ C)JJ..A Jﬁﬂﬁuﬁ; w\{'u&g}-

8 Heath et al.

o)y (o0 S

Cﬁ”{%ﬁ&b}b.‘(Y'Y')Ol}&ﬂ)&)}%.@‘ab;
9 Lfc-)‘-) Ja...u}: Lg‘w‘.ha BE] ny by ,.‘5“5 c,w.S\}
RPN LV XU PRSI C 08 4 DRIFICONN

(V). el 28l 565 0 5 L VA 958 )

w329 Sy &S &S (Coronavac) oS g s Sy
Ve b0y ise i Oldllas 1 s s el Jlab e
Ll 038 515N 58 51 6 Ky 53 Ay
oS 3 &S e Sl ST T YO
S (g olinal Sl el & 5 sl SY S s
S o 5385 5 g S5 ) g o b alie g5

¥ Sl o3l OLEd L s s ke

Sy & WShls (NVX-CoV2373) .Sy
L;ﬁiiﬁ:JJM)JQ' W;\J@‘wﬂjﬁéj}:
5 Eud Sl 03l Ol ¥ 56 Sldlae 55 V4 WS )
Sl LSy (ST ol alie T YO,
b Sl 5 3 & OS5 sy 5 0550kl e
(o) GUageely Wladl 5 S o 03linal OT I ol ioe
S b ook s 3l S s ns 2l 3 S

(14).4S sl ¥

Sl STy GBI 9 Skl £.1
e Olomas 1) oS5 okt S5 bt gy ar 5
woim aler Sl Sler lapmSTy 4 Cand (605
2SS 5o 5 Sl s ples oIk e 5 ol

ol 5l s Ll 53 05 54 Ll ol a5 Dl
b sl 2l 1 S o S 4 s V8
Omen gl tl (Jl= cpl bt Coeal 3l (ol
Gyl mie Gileaig 4 5L 5 A5 bl o
OFY)L50 Ob sy il &5 550 55 Olopanr )58
9 Sl Gl STy Dde Y gb cise 3151 Oluabl sl
e Ollae plowil ¢ g 5 Aok (slaai S L 0T Golas

Ll o pp ey Dy sal Glagel sy

L Slaoui et al.
2Yang et al.

a4 1o @luo )0 (699,35 (559l gm9 Yo aolilias


http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

Ogmer owsps SloSTly 5 5T byde j50
b alie 5 Sas Glnl GlmSTs S g5t 5 p )l sim
U asS e 5 s sl se Al i) )3 6 e A
S Jal b ysensa Sy cpl Llesls 0L V4 L g S
Sloss Caedl 1 bl oo g Copw 4 s
Sl S 55 Sl g Llie Sl sy 5
slos 53 IS SB (5 ml @ ¢ Ol
S slos 4 5L & MRNA (o STy S (S gone
Ceb b Sy onl 35 )bl owe a5 5 kil ol
SByagtons b by 35S 53 ey w55 & 25
Wy ol 2 oo il ST Sl by
dnn gl 5 sla) 5287 s 5 0140 4 o sla ST
33355 G50 4 Jis Oy gots S s oo |y O !
ol 4 (Sals 5 A Gl OpelinSTy 4
Ol Ll5e 392 b dias 2alS 1y Sls,ly sla STl
NS s 5055 2 Hl L s Slnl sl ST
S b 4 by e glosgion b il ) o5 el
03,58 w55 3l Sl (s & Tl 05l A5
Gy b oromen 058 Sl o e e 3 e ST
5 Sdam 4 5L e STl aas 5 plle slags )T 5
252y LOSET S 5 5 U5 sladyl  pslile (55luag,
Lt S S 2y 53 e s sba Al ba ST B sl
sy g 3bs S o Sla i dber Sl s s
36 s S Sl 51 s (K4S s o (ks
G STy Sdadd ol sl S5y p fie Sladlas 4
0>l k;‘.a.l‘ o ka3 (lis 35 g0 OleMbl Ll @\ﬂl
5 Ddeslys 5y sl SUI 6l Ll el Sdeel S
G323 2l 2 03 O (grma) (s (535 p Sas S
Oldllas cpl Sl (659,00 (6 Oladss (Calit
5wl s s Shs b oSy U5 4 Wilg
O sl 15 ST S Sler eam 3 o3 28 ) sboay
LgsS ol bablie laslpl o 5 ol 5SS Ol siea
S ealizel bl wunT Ssie glagsley plo 5 V4

Sl ST 250 el j5e GlaBa) 5 o8 sayslE

B W Sl g 9 g Sy 9 2 (ol s 2 jis (a9 3 9L 9SS 2 2l g 3 U (rlina (o)) S 93 (gL CpmaS) g Sl

BT el S5 3

wsls S5 Ooda 1) bl el & (LujlssS 355
I P) 5 ey e u i b Al e eSS s
& bl 53 Ap sl ggel 5 b s e sl Ol
g koSl S skl SO bl oY
K Olsea WIS o Gl pl SaSTly (Satnd bl
gle b slaysiS 5o 1l B 5 @ 0a05 e 51,2
plowl a3l b (sl y el b3 g - e 5 guloms
5SS s 5 ol S a5 bokd J 8 L Dbl
A3l g e aanez 53 0554 (oS S5 sl STl
SL Al ar 5 4 Ll o 5 sl (S)38 pams S

(Y\,YV).J}@_R;LA@}S 6‘2‘5};

S S 4o

bl J xS ol O 1 (S Ol O genlinSTT
23 oy 4 il DLl Ll HLST 55 08 S
o Sl il STy 4 5L sy 4 a5 ol 538
S Slpl CS 58 STy dly cpl 55 syl oL
39 VS Mo bl el Hsba
03085 (Bl a5 ¥ S sl ook s 55 S
s oSy W ane) 5 6 St sl iy
osdhe lgr 6l peST b aglin 53 ba STy oyl s
s S S s et 5 gl e bl
Sl 5 K 5> S U5 ol ausa b
i 33 Llg e &S Wlesls &yl 1y jowle gles
ctn 5 Jlo 53 (Slay 557 53 059 cla STl 4 o3 28
S35 p okdplnl (Il sla gl3TLE b ST Wy
WSS el WIS s Gl slaeSTs
o YL (i3 S s ba g s s el S
oS 5 s a1 (6, 53 1y ST
Llardl g s STy cpl il 03 ST A0 V4 W9 87 51 a0
aliee Slad g plp 03059 4 S5 sl Glagaly
5 s Glad g dozr SIY (kS sl oy g 5505 S
Lle gz Sla STy b dmglin 53 .S sl 05 Sns!

Voo 2108 @aluo 53 (68 2,1 (5590 ga9 oo dolidiad


http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

S pndlSe § nSa Jplie (s bl 5 ) Sn g kee
@gﬁgébww‘ﬁ.gby}ﬂ)&wdlﬁs
ol b @l Ml Gl Ker 5 psms S
231 Sl STy ol Ll s (oS 5 S5l
somb s g a5 LOKal) ol s ) Sler b
Jie K5 Ul 5o Ll 5 oo 0 32 Sl (2o 5ol
Gl a8 53 0T 5 S 5S (gla ol L ablin (5l 3350
4 Sl (o3 03 S 45 35 7 e dan 5 - o

S LS (5l e | gla ol

o T Ol (5l p 8 lgiiy

3 LOT asw 3 Jaal 3l s Sl sla S Ty o 585 (8l
094 9 fhy Sliis el cla g 9 Cilibes #1512l
Ll S5 ,8 frs e 53 b ST Sl
5 oSl A5 cbnT ) Gludig 4 a5 wdle o
SlypS @ Llg e bppe glosl ) ol
Wy b b oS a1 OKel ol n gy S Tg oS U 5
Sla,siS aly la STy Sty 5 A ol 53l 15 5
slwl 4 0hg 4 g (ilslginy Jii’ Sas jale Jii:
o) el OselinSTly Dl 5 Al et
lareSTs (25 315 soal 6 3 sboas A1 5 oo Lapts
Sl Y plse 53 5055 D5 Sl mlaw 03 )
b Sl 3l eslizal (gl Joddl ) s b A 5 T3 55 p5Y

L5 Jles!

2 Metabolomics

o)y (o0 S

ooy SNoEsn & Gl oSS
2o (ilods atle ¥l sl gy ey s S
UL R TS N N -V TSN LgS E A |
b sl Lol 5 3 0550 18 s S 51 506 SsS e
gl 53 G de 6 Olge 4 Wl ol a
S S5y 4 g LlagaSTy ool Lh ke Sle
Colgy Condy 35 4 WIS (0 355 33 4 i
L (sla il L ablie h3 0T )3 g o3 57 eSS Sl
P 5 a5l 4 a5 Lokl 5o LS bl g 55 A
Sy 5 i SOlide el (p ST
4 g e STy Gl w38 s M5 5o s st
ESeaily slacs b IS 5 Sl O gy )3 &S
A5 ane 5o Hedlm Slas, s (pimman ST LS
cro g e 53 Sy sEST 3 ehise LSy 85 s
Slgdy «Calg Ha ddl Hlo ) 5 5 lo s s Sl S5 o0
23 eSS m s 4 b p e T Slids o5 55 o0
STy Dl SYsb s Sl g ol sl S sl
B b eSS Nsh S e Sl S S
SCFAS Lils glacd plie L 5 (1l 5035, p s s S
wyosS agly ok g S5 sal Slagaly Ll 5 o
03 s e bl sl usB L (S Sl RS
5455 S5 ) ol S S ¢ b s S dile o la STl
@b g G s 2l 3 STy o1 5 e feily
dile 4 i GESISS Sl anlizul b Ll 5 o s s yls |y

! Metagenomics

) 2108 @aluo 53 (68 2,1 (5590 ga9 oo dolidiad


http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

1. Alagawany M, Attia YA, Farag MR, Elnesr SS,
Nagadi SA, Shafi ME, et al. The strategy of
boosting the immune system under the COVID-19
pandemic. Frontiers in Veterinary Science.
2021;7:570748. doi:10.3389/fvets.2020.570748

2. Alturki SO, Alturki SO, Connors J, Cusimano G,
Kutzler MA, Izmirly AM, et al. The 2020
pandemic: current SARS-CoV-2 vaccine
development. Frontiers in Immunology.
2020;11:1880. doi:10.3389/fimmu.2020.01880

3. Benatia D, Godefroy R, Lewis J. Estimating
population infection rates from non-random testing
data: Evidence from the COVID-19 pandemic.
PLOS ONE. 2024;19(9):¢0311001.
doi:10.1371/journal.pone.0311001

4. Dutta NK, Mazumdar K, Gordy JT. The
nucleocapsid protein of SARS-CoV-2: a target for
vaccine development. Journal of Virology.
2020;94(13):e00647-20. doi:10.1128/JV1.00647-20

5. EIBagoury M, Tolba MM, Nasser HA, Jabbar A,
Elagouz AM, Aktham Y, et al. The find of COVID-
19 vaccine: Challenges and opportunities. Journal
of Infection and Public Health. 2021;14(3):389-
416. doi:10.1016/j.jiph.2021.01.001

6. Formica N, Mallory R, Albert G, Robinson M,
Plested JS, Cho I, et al. Different dose regimens of
a SARS-CoV-2 recombinant spike protein vaccine
(NVX-CoV2373) in younger and older adults: A
phase 2 randomized placebo-controlled trial. PLOS
Medicine. 2021;18(10):e1003769.
doi:10.1371/journal.pmed.1003769

7. Keech C, Albert G, Cho I, Robertson A, Reed P,
Neal S, et al. Phase 1-2 trial of a SARS-CoV-2
recombinant spike protein nanoparticle vaccine.
New England Journal of Medicine.
2020;383(24):2320-32.
doi:10.1056/NEJM0a2026920

8. Khalajinia Z, Bagheri F, Ahangari R. Explaining
the understanding of pregnant mothers regarding
COVID-19 vaccination during pregnancy in Qom.
Qom University of Medical Sciences Journal.
2023;16(12):994-1003. doi:
10.32598/qums.16.12.2363.2 (in Persian)

9. Liao Y, LiY, Pei R, Fang X, Zeng P, Fan R, et
al. Safety and immunogenicity of a recombinant
interferon-armed RBD dimer vaccine (V-01) for
COVID-19 in healthy adults: a randomized,
double-blind, placebo-controlled, Phase I trial.
Emerging Microbes & Infections.
2021;10(1):1589-97.
d0i:10.1080/22221751.2021.1956513

B W Sl g 9 g Sy 9 2 (ol s 2 jis (a9 3 9L 9SS 2 2l g 3 U (rlina (o)) S 93 (gL CpmaS) g Sl

BT el S5 3

&b

10. Mosqueda J, Hernandez-Silva DJ, Romero-
Maldonado A, Mejia-L6pez S, Mercado-Uriostegui
MA. Innovative recombinant protein-based
vaccines against SARS-CoV-2. In: Biomedical
Innovations to Combat COVID-19. Elsevier; 2022.
p. 193-211. doi:10.1016/B978-0-323-85780-
2.00011-0

11. Nagy A, Alhatlani B. An overview of current
COVID-19 vaccine platforms. Computational and
Structural Biotechnology Journal. 2021;19:2508-
17. doi:10.1016/j.csbj.2021.04.061

12. Nahzat A, Hamid RM, Mohammad RA,
Mohammadali A, Nazanin A. Cloning and
expression of human interferon alpha 2b gene in
Escherichia coli expression system. Iranian Journal
of Biotechnology. 2024;22(1):125-135. doi:
https://jsmj.ajums.ac.ir/article_49706.html (in
Persian)

13. Pollet J, Chen W-H, Strych U. Recombinant
protein vaccines, a proven approach against
coronavirus pandemics. Advanced Drug Delivery
Reviews. 2021;170:71-82.
d0i:10.1016/j.addr.2020.12.014

14. Sharif N, Alzahrani KJ, Ahmed SN, Dey SK.
Efficacy, immunogenicity and safety of COVID-19
vaccines: a systematic review and meta-analysis.
Frontiers in Immunology. 2021;12:714170.
doi:10.3389/fimmu.2021.714170

15. Smith K, Hegazy K, Cai MR, McKnight I,
Rousculp MD, Alves K. Safety of the NVX-
CoV2373 COVID-19 vaccine in randomized
placebo-controlled clinical trials. VVaccine.
2023;41(26):3930-6.
doi:10.1016/j.vaccine.2023.05.008

16. Sun Y-S, Zhou J-J, Zhu H-P, Xu F, Zhao W-B,
Lu H-J, et al. Development of a recombinant RBD
subunit vaccine for SARS-CoV-2. Viruses.
2021;13(10):1936. doi:10.3390/v13101936

17. Sung H-D, Kim N, Lee Y, Lee EJ. Protein-
based nanoparticle vaccines for SARS-CoV-2.
International Journal of Molecular Sciences.
2021;22(24):13445. doi:10.3390/ijms222413445

18. Wang F, Kream RM, Stefano GB. An evidence-
based perspective on mMRNA-SARS-CoV-2 vaccine
development. Medical Science Monitor.
2020;26:€924700-1. doi:10.12659/MSM.924700

19. Yadav T, Srivastava N, Mishra G, Dhama K,
Kumar S, Puri B, et al. Recombinant vaccines for
COVID-19. Human Vaccines &
Immunotherapeutics. 2020;16(12):2905-12.
doi:10.1080/21645515.2020.1820805

V¥ 2108 @aluo 53 (68 2,1 (5590 ga9 oo dolidiad


http://amfi.ir/article-1-140-en.html

[ Downloaded from amfi.ir on 2025-09-07 ]

20. Yusibov V, Streatfield SJ, Kushnir N. Clinical
development of plant-produced recombinant
pharmaceuticals: vaccines, antibodies and beyond.
Human Vaccines. 2011;7(3):313-21.
d0i:10.4161/hv.7.3.14260

21. Zhang Q, Xiang R, Huo S, Zhou Y, Jiang S,
Wang Q, et al. Molecular mechanism of interaction
between SARS-CoV-2 and host cells and
interventional therapy. Signal transduction and
targeted therapy. 2021;6(1):233.
d0i:10.1038/s41392-021-00653-w

22. Lei WT, Shih PC, Liu SJ, Lin CY, Yeh TL. The
role of probiotics in enhancing vaccine efficacy.
Journal of Immunology Research. 2017;2017:1-8.
doi:10.1155/2017/5940675

23. Hill C, Guarner F, Reid G, Gibson GR,
Merenstein DJ, Pot B, et al. The International
Scientific Association for Probiotics and Prebiotics
consensus statement on the scope and appropriate
use of the term probiotic. Nature Reviews
Gastroenterology & Hepatology. 2014;11(8):506-
514. doi:10.1038/nrgastro.2014.66

)Y 2108 @aluo 53 (68 2,1 (5590 ga9 oo dolidiad

o)y (o0 S


http://amfi.ir/article-1-140-en.html
http://www.tcpdf.org

