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Abstract Among the Covid-19 vaccine platforms, mRNA-platform vaccines are summarized qualitatively
in this paper. Manufacturing mRNA vaccines consist of serial processes; the preparation process of
DNA template, the transcription of mRNA, nanoemulsion process, and the fill and finish unit combined
with formulation stages. It is noticeable that major players are collaborated for producing mRNA
vaccines. In particular, the nanoemulsion process is recognized to the key process requiring formulated
lipid materials to protect modified mRNA until they arrive in intracellular cytosol. It is known that the
nanoemulsion process adapts well-designed microfluidic devices. We expect that the nanoemulsion

process will stimulate pharmaceutical industries to develop diverse applications.
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2 7}A) T Aoz g#A 9t AstraZeneca W
A19] Z9L $2.15 (EU) $5.25 (Fol)= o 714
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Table 1. Prices of COVID-19 vaccines [5,6]
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Table 2. Exemplary platforms of COVID-19 vaccines
adapted from WHO data [8]

No. Symbol Platform Represem_aﬂve
companies
Moderna,

! RNA RNA Pfizer-BioNtech

2 Whnr viral vector AstraZeneca—-Oxford
(non-replicating)

3 PS protein subunit Novavax

4 % Inactivated virus Sinovax, Sinopharm

5 DNA DNA Inovio

6 Wr viral vector (replicating)| Univ. of Hong Kong

7 VLP Virus like particle VBI

8 |wreapc |VVI * Antigen Shenzhen
presenting cell

9 LAV Live attenuated virus | Codagenix=SlI

10 |Wareapc | VYT * Antogen Aivita
presenting cell

Vaccine provider Price per dose (USD)
Pfizer - BioNtech 14.7 - 30
Moderna 25 - 37
AstraZeneca—-Oxford 215 - 525
Johnson & Johnson 85-10
Novavax 16
Spunik V 10
Sinovac 29.75
2. 28
2.1 WAl =3
Table 20l= W4l SSET} d#AQ Alx IAE o
ojjz Adjslo] UERigiT, WA SRE TR EE
o] wpagolut 2| §opo] we} theA TEI 4 YTHT.
o] =olAl= WHO &H|o]A] Az oA AAIGE 107H4]

QV] ZPE LEHRAS ALE519ITHE]. RE HiAl9] o

&2 F214-19 Hho] 2 A(SARS-CoV-2)2] YR wha
o] A o]l EA5t kAR AL G5}
of, Aol A WAL WYt B FUsket,
chat, SEuU-19 vojzae] Ui TS AE ) &
AsHe A9 Holo] wet AE SHEL FREL
20219 59 @A FUJFEFHEMAE 439 WilE
SUstelon, wAFAEAF=(US FDAE 339 9

SR HoA 2021 5Y7HA] S9l0] AmH W
A& EYR, Table 29| EHEl| 93t &S 485}
H, Modernaiit®} Pfizer-BioNtechiit®] 412 RNA
EPEG 7o Z A|F31 Q1oH, AztraZeneca-Oxford
iit, Jansseniit® ofd|i-Hlo]HAS 7|¥tOZ 3t viral
vector SHES &85t 9t ofFf Table 394+=
A7) 4% WAS Ad™ste] /3t vl=e 571 &g
TAS] Blastet. vla Y82 HF S, v= &
ol 871 A%, FHoke WAl FF Axd, 18
FA-go] tishAl ZkeFetAl UEhiRlE. o] AEe B2
oA Q8= Qo

2.2 801 i MZ2 MxE SF Hlu

Fig.19l= ofd|utol2]A #E WA mRNA 4l
< WEE 3L = oF H|wsto] YeRfqltt. of
dicufolE| A HlE wiA0] AR FA2 AlE uigRE
HA7HA] F7F AFE9] o] §lo] o FACA HA =2
AA7F o]FolA = AR 4. o]et 2], mRNA
HA19] Al FA-L dd+t vi%S 53 DNA 39 A
A& AZC 2, DNA 33 AIE® WY AxE &8
RNA FHHS, HioEddst 3P0z o]Fojx|=d|,
7t m2AA EHE oF JAES Ao Ao AxEE
Aoz A etk o= mRNAZ} 9JekEof AgH A
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Manufacturing Process of Manufacturing Process of
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Fig. 1. Conceptual diagram of bioprocess comparison
between viral vector vaccine and mRNA
vaccine.
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A 27 ofd|ieHfol| A HElE WA 0T gttt W
4log gg3t oftlerlol2| A HEE dief JA6t7| ¢
oY, 4 17t #ot A Alxof 71¥sk= T-REx-293
MZ3 (AstraZenecaiit)[10] T A Tak Alxzof 7]
U3l PER.C6 MEZF (Janssenih) S tF HiYS 55
712 HI11], ol&°] sFAZE SEETE ofdiHlo]
A HEE FAEY AlA, oY ol iHlo|BAE
FAAI o] A& mhaf] 9 FA IHZ sk,
i o2 283 ot iHlo| A HEE FHsk, A
3t AE HEE wdlsto], XF A B4R ZIPIt
B 34 HEK-293 A|EZ3 = PER.C6 AlEF 52
BEAE o] 7Hsdh AlAdo] WHo|n, of Hiofx
A, LA AHo] koA Sl ISE 71HollA XI5
& 4 At 20219 59 @A KEYLEAAA
AstraZenecaiit®] Vaxzevria®] 34+ 5%10] &z 7]
T2 F 67lolH, olF g Xo| SKHle] Ao o Tt
[10].
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o £stod, o] B35 T HET A FAHZ &l
sto] B gt =to] 7Pg Wol Q&= QUrH12]. 27
mRNAE AT F¢ dopA] G2 E4E J4T o] &
+£E9 7 ogtt. &9, E¢E F Y
RNA (double-strand RNA, dsRNA)= mRNA ¥ 2}
&2 JA5Y, HYZEA] A5 Adtke RS
doz7lol mRNAE &3t 71&2 oo Lt
T3, WA &8sy 9] sfasfiof st &A1 Sl
£ 545 95 RNAE 504 2% (exogenous)
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Table 3. Comparison of vaccines in current injected in USA and European Union [6,9]

Vaccine Pfizer-BioNtech Moderna Johnson & Johnson AstraZeneca—-Oxford
Trade Name Comirnaty Moderna COVID-19 Vaccine dzgiisrfen coviD-19 Vaxzevria
Other Name BNT162b2 mRNA-1273 Ad26.COV2.S AZD1222
0.3 mL (30 ug) 0.5 mL (100 ug) 0.5 mL (not less than S-?OQ%FS)Ot less than 2.5
Posology 2 shots, 2 shots, 8.92 log10 IFU)
21 days apart 28 days apart single shot 2 shots,
VS ap VS ap 9 4 to 12 weeks apart
emergency use in USA, emergency use in USA emergency use in USA, Not available in USA,
Status authorized in  EU (under the gency. ’ authorized in  EU (under authorized in  EU (under
. authorized in  EU :
name of Comirnaty) the name of Jassen) the name of Vaxzevria)
Recommendation Anyone 12 or older, testing | Adults 18 or older, testing Adults 18 or older, testing Adults 18 or older

under 12

under 18

under 18

Notable side effect
reported

triggered anaphylaxis (11
cases in 18 million doses)

rare cases to anaphylaxis

milder side effect than
pfizer claimed by J&J
company

reported possible links to
blood clots
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< 2A7E AATH13,14]). o1k 7, mRNA Z71(+3
base-pair)7t Alx9s ST 5= Q= WHS Zofof
sh= 24 5°] A2tk mRNAZ #ilog gesids=
A F FAT T2 200599 nucleoside HE-E &
A o]FAH15,161. mRNAE 7dstA] 2 H9-H
o Al Z oA g Eo] © Wol 9t} ojet HE
o] dsRNA &5 AA 71« ol o] ASUTHISI

Table 4°l= @A AH&E I Q= mRNAE Axsta
A+ ZARRI Pfizer, BioNTech, 181 Moderna ©l
oAl ArEE Aot Y IAE TSt HERA
t}. Pfizer-BioNTech #4l2 BNT162b2et= ZEH
o= et girh F it 4 w3 HU3jAtolH,
A7 BioNTechollA St PfizerZt A4kt o
o 52 Folal ot Pfizere= 5, B, 11 F
ol A 9] ghafjof] TS Ak BioNTecholl ¥stal glo
H, YA It dieias 3522 tigstal o
LA UATH17]. B, v=-2 A=ollA AitEls @
Al Az thsiA sfe] gkEo] s1717 VA gkekrlel
(21, 7= o]9] AGojAY] wiE fslixe F Y
A A 2ol A= FEI SAPT20] 85 3
t}. olo] A& F7HE JE 517 A= Soll A
Pfizer®} BioNTech2 &35t AAISHRATE Table 4
A= 6HARE FEsto] AAIsHl oLt 3] sidoh=
A BAFAL QR4 FFoke T7gol7|ol, o] I
AL 92 o 3% SHAR k= 4= Qltt. 3L Fig.
1& Zxold o843} 3782 AP formulation)ol]
A= A oo A3} S B39 AFst
o} ez AL Qltt. o] =2olAEs, Yieogd 3
A& 1944 AFS} (formulation stage 1), 13l LA
SA(fill and finish)& 294 A¥F38E (formulation

stage 2)& HPoto] LRSI

THA] B4l AJAEO 2 FolebA], mlah2 A=UE 5o
o= WA B2 duEdo] vla Yo R A W= A
< 585K Al JATHII. Pfizer AR wl=jolA

= Zo] AP, 7 dR= FHoA SUR &
ojei Q= ACE IBA Q. 1, ml=9] WAy
ol Ad "Y| Eol= HATHA &2 Feolle =
A zo] EA SR wiE 5= & ALE 7|thst
I UTH2]. BioNTech ¥dolAl= vl= AZ2= 13,
AHOHE AT 22 AUt 53 AEEAE
9 Stk mRNA] A=A SDA] FJAES] ool
o] st vt AT FJARE Merck KGaA
9} EvonikE & 4 Atk Hicol84S 3t AHE/dA
ot 1A (lipids) 5ol toliA F SjAte}t WHS Avhs 2
I Qlt}h. #WAlo] Eo7k= mRNA 832 Moderna’t
100pg, Pfizer-BioNTech7} 30pgS ARESRIL QUTh.
Moderna #4(mRNA-1273) A4 F3t v=9]
Lonza AJATAIAo A e AB4tsta Qlot. ABARF S
9] g9 Aof wet Recipharm, Catalent, SanofiZl 4§
At AlokE B9, 7 FAES GHE 20 R oY
A}t olfox  CordenPharma®} Genevant
Sciences (Ut HlFH) o] FAS ALt ATt
mRNAEA] AP4to] 7h5sHe S ofal glow, o] 4F
‘guto] @ ZRAALE A FAof Fofdt AFog Fof 9]
o} Table 500= Yo @dE ©E7] s AFHEE= A
A(lipids)/doll tsfiA Yehl Atk CAS No.7}h AAI =
o] S171e], AT F5tEJAL ojQo e WS AR FAL
A 0] 7Fsoitt &, JE2E ¥R T2 HoiAe
FDA 590 %2 oA §hE AES AR&Slof gttt

mRNA 4] A2 212 4B AEHsHe

Table 4. Enlisted locations of Pfizer, BioNTecch and Moderna and their partners [17-19]

# Step Pfizer

BioNTech Moderna

1 DNA template Chesterfield, MO

Chesterfields, MO

Portsmouth, NH (Swiss Lonza)

2 transcription to mRNA Andover, MA

Mainz, Germany

Swiss Lonza (suspect to work in
Andover and Portsmouth)

Alabaster, AL (UK

3 Lipids manufacturing Croda subsidiary)

Boulder, CO (CordenPharma also
expand facilities in Swiss and
France)

CordenPharma

Nanoemulsion using
4 Microfluidic devise
(Formulation stage 1)

Kalamazoo, Ml
and Europe

Puurs, Belgium

in-house (Norwood, MA)

: b
5 Formulation stage 2 Kalamazoo, MI

Puurs, Belgium

6 Fill and Finish

Puurs, Belgium
German,
Swiss, 13 partners

US and Europe (Catalent, Rovi,
Recipharm )

**Terminologies of formulation state 1 and formulation stage 2 are arbitrarily labeled by authors in this study.



Table 5. Lipid ingredients for nanoemulsion of mRNA vaccines [20,21]

Ingredient chemical Synonym CAS No. Pfizer-BioNTech Moderna
((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2- ALC-3015 2036272-55-4 0
hexyldecanoate)
2-[(polyethylene ~ o
glycol)-2000]-N,N-ditetradecylacetamide ALC-0159 1849616-42-7 0
8—[(2_—hyd|foxyethyl)[6—o><o—6—(undecy\oxy)hexy\]amino]—o SM-102 2089251-47-6 0
ctanoic acid, 1-octylnonyl ester
1,2-dimyristoyl-rac—glycero-3-methoxypolyethylene PEG2000-DMG 160743-62-4 0
glycol-2000
1,2-distearoyl-sn—glycero-3—-phosphocholine DSPC 816-94-4 0 0
Cholesterol 57-88-5 0 0

S8 o d@Ast gAo] 7P Alzto] i Azle
Roz A=A Qltt. o] 7|&2 X FHALHEo] 7]l A}
At ArE 7ol A ok dEskE AE
(lipids)ell HaliAle AMgshe B3 F5Ho tiajAqt &
4 9ltk. mRNA B35 23 9] oHEAE Foj& o]
37} 7Fs3F LNP(lipid nanoparticles)”t ARSI QL
TH22-27]. LNP9] 922 9|7 H&3te B9 mRNAS
Hook=d], YAFoZE= Aol RNases 849 &
Ao ZHE mRNA W4l JEE H53c}22]. $H, Al
Zo]Y(endocytosis) IS B3l mRNA #HAS AL
YZ o]5A)7|E IS sttt Fol4 A|A (cationic
lipids)2 mRNA”} endosomel.& E0]7H= A& 24
ghtH23). Alauke S35to] 7)o S75H1 mRNA7ZE Al
zuto] JIE A, Azet B3t oty 849
mRNA F-22 345}, 181 gol/d A& FHst
£ o, &35t pH 24 FZ7]F(electrostatic)
THHHE FAITH23]. A, LNP7F Al 2 /¢
2 329 pH7} ¥ endosome} A|&o] §=HA]
A|ZA(cytoso)Z mRNAE Z8 Eoj7i.

Table 591 % 7FA mRNA #j41 &S YE
o} AREEE Yol AEEE ALC-03157F Sl
1 Qo& C12-200, SM-102, 183 DOTAP7} B3
=3 Qloh22]. g, XA IEE ke AE2 Yo
FHE PAoks ol Aol IFH o= 0]FFS
FABHEE it QXA HE8S sH= AJEOZ Table 5
of AA1E DSPCe} 1 dioll DOPEY} 9t E ohE AR
Ql FE|AHES LNP HAslol| 3-3 FHA, mRNA
9] Alzdl Batg XA 20114 o|F 8 SEY &
HAHERE 484 FH2HEC] AEET Qe A
o= FErH28]. 1 919 PEG XA I4A AdS

AABEES gt PEG A EA=2+= MPEG-2000-DMG,
ALC-0159 11231 MEG-2000-DSPE7} ItH28]. 19
], PEG A9 o] B A%, Al=ut Fato] Est
A Z-gs7]o] Adet sExgo] Pasitt.

ESE Yo HASE FAo A= microfluidic device”}
AFEET Qle}. BioNTechiite] @8 A4 glAEdqE =
YA Knaueriit7} Z3H=]o] it o] JAk= A &1
o]0l FZ1}-19 WAl Ao Frofstal S Farst
I 9ok WoY FE-S i3t 553 ARl EH 3
A+9] microfluidic devicedto] SFg& A|xE sl At
253 L ZoF FAHHG, o|#H3t microfluidic
devices E8ole 71&: 384 vt 7|tidct.

3. 1%

SARS-CoV-2 Aol &&xl = 105% QtEof WAl
o] 7it=]o] Aol AFE Tt EZ, AVIAYE diE £
ofe] Wo] A FATFAATH29], B35 ZHAA
£ RNAi, mRNAE €83t 9ok & 547

52 B9l 43 71&4 okt WAl A =
7] g&olgt & 4= Qich. A o] wzd, AFA
toll Al RNA 371A] 4= A7, WAl Az71A]
AER 2 ARk % 73tk mRNA
712 g9 gHAL WaoF ARl FH-
of, Sl Y] $EF zofof sz Fgo] A
£, A3t Z3E] ot Wilo|m g FHEet AV
ole] FRE X&Hog QR SHAT, HEA

o|r
flilo

)
ofr
S H

1

wo PN 3

[
o 4

e}
flo o
[

9l mRNA W41 7142 At Hopld 2 312 19)
TR @ 4 QIek. w4l Hof o]elo]iE RNAZ AHgSHe
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ot AFErs &9 382 AoE tiHTH30].
mRNA ¥4 A2 Fopo|A=, sidsof & 7P &
AR e 25(-70°C)7F 8 FE= mRNA-LNPS] Hj
$o07 A QtH17]. B2 mRNA WAl $9-3%)
2 CureVac #A2 1 &2 mRNA(154g)S ARgolH,
A20] opd AZol| A A =7} 7hssitkal F46kAL QL
£, 2% A2k Fojderths HolA 7|g7t = 9l
tH31l. gerEoz, | F2u-19 WAl AL ofn]
ZAEA obdriEta AZsHAl Hok. IZA, o7t
A w2 yEtet 7|elAle oxds] F2uh-19 HAS 74
Sk Qlet. oFA WAl LS A& JYEE olfE
S, ofiet Zo] UdE 4= 9l Aol
o UG ARG SRAo= 3|, Wil )Y g5
A7 & glolelE FHok= Foltt. &, @77t
W wAle] FAgdoz st fa7|7to] 6714
e S 4 9or, o2 s 3x} Aol o
g =97t 7RAE SFeltt. d8H, 1-2d ol
FA =Rz wW4lo] " Qash Folct. @AY Wilo] 2
g AR HisiAE SEEA okt
2 7} RNAS 7} SARS-CoV-29] EA4 A
%12} wHolof oJgt 57t golstr|of|, 2} Holnp
oho] WAl g84o] g 4= Stk
o F7hakch WAl QI X]717] QoA 719t A4E
o] ¥ gsjrt. the Mrjdo] tiujshr] YA E 7]
vh 7]&gErt g asict
o 3 A8 B30, mRNA WjA13} ATE 7]&L,
FUAE HIFES gt JFE A= Ve
RS 7S 4 it

¢

uy

Table 6oA1:= RNA Z3HE HAl9] S 2517
Qlaf k2 WAl A 2FHak] ZpolE UERA L. w4l
YA 712F, 584, WS o2 WAl H8A0A &
gletcta g A ok FF, mRNA B AR 7]&
ofg] Hopol|l= 2-8d 7}sgo] &t} & EH, A
3 -§g= o w2 Aol o]-8E 4= glon, 33 Pt
A A, 222 kst B conjugation 71&3 2
&5to] drug delivery 71& S-80l= BlE2A H&d A
o= AFETH24-26].

TS, 315} Hopol M Aasia Add B8 e
o] WgXo] gL AA Ao ditdrt. 123, old
mRNA #4] Axo|A] FejFRol, Ayt Aol 7hs
S A2 1R Hlo]Q VIAES] AR EAE Eo] U
e71E 7|diglt.

Table 6. Brief comparison between conventional
vaccine and new mRNA vaccine [32]

subject Conventional mRNA vaccine

production time months weeks

small amount of
virus used during
sequencing and

vaccine test

large quantities of
virus may be
potential hazards

biosafety

. . the RNA is
. the antigen is S
immune response - injected to produce
injected -
antigens
each new virus may be

flexibility requires a bespoke standardized with
process minimal changes

4. Q9

. =

F21-19 WAl E3EF FoIA vlol s e EE

I+ RNA E2500 disiA &7istgict. ofv], go

A AZREE AR 710l 3HEA 2 F9= At
El

e
i)

Al DNA 8 A 2374, mRNA AR, Uieol @43t
34, A3t 281 SATHLOE ojFoA k. &
A, Pfizer-BioNTech¥} Moderna 3AIQ] & &5
A2 ofE ALY ofg] FAoNA teFet FEY Y
o= AzE Stk 53], @ LR Yoo dHs}t T4
< WA ZRde] AEAgolEta & 4= Qled], o] FE
microfluidic deviceE &8&sh= AR dwA Qlth
Yo 8345t 342 A(lipids)E ©1-83te] LNPE 3
T2 = mRNAE ESght Ueodd 342 953
9] RNAS E3)5H= RNases A ZRE WA 0] A4
2l mRNAS H53511, mRNAS] Azt 53t8 Fi=
A It WAl Aol 753 mRNAE Alxs)
< Ma7&, A 249 HAI% A=, mRNA-LNP ¥
Aol Al8E%E microfluidic device &7 284 7
2 g, AESA, ek, skekgstR, 714
S Batold g}t AR 330l BF FR3g T
7ol & 4 ot & EAdE FH s IeS 2
/= g} g, @A APFQA mRNA HA9 A z2F

S HA PAA LS TR ot 9ok
2ok 7le o R olojd Zo& F|thiitt

Hoox

i
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