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Analysis of Patent Competitiveness of COVID-19 Vaccine in China Based on Combination Empowerment-
TOPSIS

WANG Ran, DONG Li*(School of Business Administration, Shenyang Pharmaceutical University, Shenyang 110016, China)

ABSTRACT: OBJECTIVE To explore the development level and competition of major COVID-19 vaccine technologies in
China based on patent data. METHODS The patent competitiveness evaluation index system of five major COVID-19
vaccines in China was constructed, and the analytical hierarchy process-entropy weight combination empowerment method and
TOPSIS competitiveness analysis were carried out based on the retrieved patent data. RESULTS Among the five existing
major COVID-19 vaccines, recombinant subunit vaccine, recombinant virus vector vaccine and nucleic acid vaccine had
relatively strong patent competitiveness, while inactivated vaccine and attenuated vaccine were relatively weak. CONCLUSION
China’s COVID-19 vaccine patent market and technology pattern are gradually becoming mature, and research and development
institutions should focus on technology hotspots, devote themselves to innovative research and development, and explore new
ways of technological development on the basis of ensuring vaccine safety.

KEYWORDS: combination empowerment-TOPSIS; COVID-19 vaccine; patent competitiveness

2019 458 B el PR 2 SRR g X 4 BRI 28 0% &
[ Ry SV I NS 245 B A =N i ST 1%
I VE R BEL W B e B AL 1 B 45 i 78 S R o 5 Uk
Pl sl BT, A MY — R,

U T e T 28 A R EALEE 5 R, Ar R
AR . AR AR . RRREN
G PEE s A i Y  F AL R R
PEa R MEAR A, BARENEeE, &
W 22—, 2P E A H e 2 1 e
PEWP LR B A v LARR R AR AA
REMEIEAT B R ) SE G B MR S AL . A TR Y%
HifLHG DNA A1 RNA 2 Fft, PIAMRAS . S ihili
LA E LS . KIEREH 1 R EOR R
Bk 2 A R M 0 1 AR SRR b SR M A
TE, RS T L2, WA s

1EEEN: £H, &, Wit4g
R E AN 22 2023 4F 11 A4 40 4855 21 1

E-mail: w15849637572@163.com

PR R RETEVERRAR, TERPECR B, PR Rl
REMS TR L R A )y, (B2 MERAR, ANEHT
LTI N

A5 Sl ) R R B EOR LR T
GNP IR R, SRIG X Bk 5 e ARG
e bR AT L MBI R R, e I JE R oA ik
(analytica hierarchy process, AHP)FMEAFEHE & M
B, 3 FF TOPSIS X 5 e i 1) & 5 5 1 HET
T HATEE AR L FITE S S0P . AW B
e 4 T ROR P B B R A T P T 3 G R
IKERZEG e GO0, TN RE IR i i L H &
JEAEARBF, $E T B RE i L 5 4 ) St
W%,
1 FEFEERHEMNEFNITNERAE

G T L RIS 4 1 BT 5E © S0 U,

EE1EE . W, 0, WL, RlEdE E-mail: sydongli@163.com

Chin J Mod Appl Pharm, 2023 November, Vol.40 No.21 - 3033 -



FEROAR . 2% AR WA A, AT
BT 9 Sty _E AT r DB e 1 L 5 4 7
PR IR AR IR R A . O E PR R R A
WA REEE e . RGEE L AT HPE LA R T Ay
P, BRI IR RBER F AU . Bloa & Bl
B BT oP A X R R e SR AR R R A
Ferf, TETEACR TR AR B SCHR PR DA (A 5 B A
RS E, DA AR O G A M A e L A
PR A AR, DR T SR e A
LM B A AR ST SCHRBERE, 45 FE 5 1R
FERURA Soopat Kl 17 52 PR AEAEAS 2R B 1 LRI
B, e e EHT R BE L R SE S ST PP A R
A EARLE | PR P LR BRI 3 R,
IR B IERR, WA 1.

1P EHEEE L ALS AR G5

Tab. 1 Evaluation index system of patent competitiveness
of COVID-19 vaccine in China

i3 bR Ui
PORBCE: EWICR ISR IR, MR RO, R
PROBIT 2 ot B g

RWLHEAAE IE M, SRR, R EE R
I N2 S A A R AR UBERR
I, ARCEREMZ, LR,

LT
SFRURISORE TR, PR SR BN , R
FEnicr
SFREIREG IERE IR, LRI IR A, SR )
R, LRI TS R
IR, SHEERBZ, HARAH MRS,
LA EMR
PR PRI IR, CRIPFRI AN TSRS, LR
Pk
Y EBRL RIS LR, FEPRER P RERE AR L RIEA
T % LA AVE IR, LRIZE4 Ty
SFRIRE AR TR, (AL FIRO 2 AR i Je
J7, BRI ERS

PR 2 AL S BORBCR: | R TR AR 0 3
ANYERE A BORBOR R A5 -5 B BOR A K
{14 5 1L R 3 R A R W L MR ACRE , 3 2 T4
PRAER LIRS E T AR B BRI, [R) e ]
3 TR L ONORLI DSy AU EEE £ S5 % NS
QAL L PRI EER S 385 Ik
YA 5 ERE 4 Tidgbr, BRI L
M BCRAMLANE, AR Mo, AR
M i, LR IR PR ER
o, ULIAEORAT Ryl )™, LR S e g G ;
P RO R, BRI Ty s oF
PSR R, BIAEAR B R, L ABE
G IR . BRI L IR, 15

-3034 -

BRBUH: AR AR

93 RS

Chin J Mod Appl Pharm, 2023 November, Vol.40 No.21

¥k B NE . P E PR & A 4328 (international
patent classification, IPC)J{ A1 34 [R] % % )
B, PR NBEEZE, R L AT
A AR Z , LRNES R ; IPC M
Pr& 2, SEX IPC i FIECRIT- 2 [R5 & FIAL
22 U I ) ) R AT B, R RS ) R
2 HIERESAHEE

ARHEFE LA E R AR = FUR F Soopat Sy FEE
VAR PR, B E R R AR A2 2020 421 H 1 H,
JFF 2022 4F 11 H 1 H A EAE R R T
B RE V R W& R R WA R R &, 4t
PAFA LA 523 S5 EEUE UG TERENE
Br LA S E s w i n) . R s ik i
WARGFEMLERN G, 2052 5 Fhee AT
B, 2R IR 2,

w2 SAHEREME KRR

Tab. 2 Data on indicators related to five COVID-19
vaccines
fohi EHW Eﬁﬂfrﬁﬁ M KW W
AR R R Bl W
RHLHAER 71 33 20 7 5
RUILFZE 34 14 8 4 3
AR 34 14 8 4 3

SERRUFIELR S 12.55 11.64  15.60 8.000 9.600
SERAHE S AL 1.437 4,667 3700  1.143 2.200

TFEBIEREL 3.958 3.091 2600  6.571 3.800
Ry PN e 7.732 6.000  6.700 12.86  8.400
S-¥ IPC {5 FEI%K 1.944 2.000 2.000 1.429 1.800
- ¥ [RT e T A4 09014 07273 0.6000 0.7143 0.8000

3 (AATKA-TOPSIS AR
3.1 AHP

AHP Z—FRGEAR . bt SRS G0
WM, BARRRR B $M, AHP
) — Mo R, B SEPRm A R
SRJ5 B L T SRR G R 0 L FHR R A T
(=R S iap el v Sl SN e SIS 5 T

TR A XAy iR T R R o A
AR XS AT EETARD) n YOI,
2] n e W, A n NEEARIVECE, o 4
55 i FER j ARARIE B AR Q) RIEA K ()
ISR o i T IH— (A3, A5 3ACGE
@ o NG DGR LRI T — BT
T8 o A UG B R AR B KRR A, - AFTTT
I RRFIEARORAG— B e b CLIE, oK —
P % (consistent ratio, CR), #5 CR {H<0.1, M|
VLR RA 1 (1 W P B T —BOHERE RE , RT T e A m]

T E IR 255 2023 41 11 4R 40 %455 21 1)




WIS A CRAE=0.1, WU R B T
WHATR, TR EHE . RIF R —H PRI E.

W,=iTa, (1)
Jj=1
0= @
W,
Jj=1
1 & Aw:
A== Z4 3
i nZ o A3)
CI:ﬂmax_n (4)
n—1
CIl
CR=— 5
o~ (5)
3.2 ALk

T AL 1) 4 I PR AR A 8 A 1 B R ok
WERE R/, BSEOREE R, A8 256 M
FEAE R, AR i R, Hp 5 e T AT
DB DR AE A 5 8 B A E o AS A2 32 0L PR 2R I 52
FEPRALE AT DIARSE 4 19 A OB, A
SERORS R, TS R I R

BH m AREA, SIS EEARE n AEME
B, I B PEA AR (8 R B4 6 b 1T A4 2
BRI ] X = () e o FEBE TR 3, FEAR RS X
S |V RES A PR AR, HL
i=1, 2, 3, .., n; j=1, 2, 3, ..., m. N (6)H
N F(T) 53900 2%k TE 1148 s ({8 R B ) R 671 o)
B bR CBUE R/ INER G ) BB AR A T A 2K, (4
P bt Ak i % okt o i 2 s R s e . A 8) & T
SEHS | WS T A REART R LR y, , IR
BVERGE BT R AR, A O)RmITH
5 i MRIRIIE BN e, HPe, =00 %y, =0, E
M e;=0, it FIRPBRIFARIE A (10) AT LI
AR VE o) .

X — X
’r_ ij imin
)=t (©)
Ximax ~ *imin
X, — X
r_ imax ij
X =S ()
Ximax ~ Ximin

yy=—-2 (8)

R E AN 22 2023 4F 11 A4 40 4855 21 1

&==1/In(m)3 v, I, v
=]
o= nl_ei (10)
Z(l -¢)

i=1
3.3 AHP-JiiALEE

AHP [ RGN e , (A AE S bR
R PR RS R R A A N BN R
FEAE R R 25 o WA 2 00 R o 1 £
A ST B SR TR PR EUE, TTRES A
WEFEARZ R R, H Y45 TS bs (19 78 3h 22 AR
AN, REAGE BT S 2 BB . PR AR I 9T R
FH AHP-TRAUGERR A WAL, REAEAEVEH it A v Sife it
FEMEE, IO LR E IR,

AR )R AHP-RIAGERE G G A,
o T B4 BIME ] AHP FUR AL iS4 5
CEANER G, WEZFN 1, o 1« & AHP
FRR ARG T3 T A 0 45 AN 2

@, = 0w + po] (11

3.4 TOPSIS %

TOPSIS % J&—Fh & L 2 B R 36 73 B
B, FER ARG E EARTE I X S AR L
H bR A 32 30 B X B0 X G AT I 45 A
THERE, fERg I AP0 B2 R 2280,
e IR BRI T IE AL, RN ]
FNDK (A RIS AR I A A KIE R s SRIE ¥ 1R 7)1k
FE AT AR AR 2 20(12)]; R IEYE AL RO R 4
B (AL, B E AU AL R, 3R 40
FEAR AV G B R E, RO IEFRAR SR v, B/l
HRA A EERE v, BRJEREITINT R 51E ) .
1 (d;) FAR A A BRI B [ 2 (13)(14) AR X 422
PR C AR (15)], LU HEFD,

X=x/ /Zn:x; (12)
i=1
df = /Z(VU.—V;)Z (13)
Jj=1
d = 3 -v))? (14)
Jj=1

Ci=——H i=l, 2, ..., m 15
el ) (15)

Chin J Mod Appl Pharm, 2023 November, Vol.40 No.21 - 3035 -



4 PEHBEEETINZSNEEWMN-TOPSIS
=R
4.1  AHP i@ EWAE

ARG I L F B SE T L 5 4 1 45 1T
WA FRIEATIRAA, DL 1~9 050 Mook o s 2 1 M AR
P, A3 FACER S5 A ST B W3 3. IRk
FT—3 RS, SRAGERRRHER 4, N 9.6151,
— & MEFEdR CIHM 0.076 9, RI {H fArFn] 1,
BY4Ch 9 9 RI(E R 1.45, i EiRSUE R L1558 CR
fH 0.0530, <0.1, Ut AR R 8 T — 2k
il
R3 AHP HEEE LA %4 AN EE

Tab. 3 Calculation values of AHP COVID-19 vaccine
patent competitiveness evaluation indicators

i35 fatn Wil o Ao i Ao/ ofE

ARG BWLHIPELE 02071 00151 01519 11177
BUEHERE  1.0413 00759 07200 1.0540
AR AR R 17960 0.1309 12203 1.0358
SEHRHI RS 04070 00297 02802 1.0483
SEHEELERE 37275 02716 25720 1.0522
SR VA 04338 00316 03146 1.1062
HARIGEE TR A 05861 00427 04277 11129
T EEEE R A% 17960 01309 12203 1.0358
SEHRELSAE 37275 02716 25720  1.0522

MBS AT LI e, SF 2855 IE g EOR -2 [)
R 2 WHEFRIT SAGERK, HRNES L
FIECFT-34 IPC Ju %L, & WAL R il A i
JIN, T I ) o A R ] i 4 R R o
TEERE T L RIMMAE R A RURBL, X T L RIS 4 11T
W A mEAEH,

4.2 RGN

BB AT B 45 TR bR 0 (5 B E . [F R
PR RIS B 3000 L3R 4.

MATE K mT UE Y, 2338 bR AR S A
BN, {HSEE TPC 38 ORI ST 247 [R] i & %
BT G A e/, XU AGE BT B R,
EA BB SERBTR RS EUE, HZAERA
B EERE,

4.3  AHP-THAUEHE G AE

SRR/ Tk, AHP FURAGE T A E %
0.5, THEA RS BGEM WL S,

TR A A WAy T8 A 45 A He p—
IR R E IR ER . TR HIE R
ISP 249 [ e Lo R BT b A B 3 HOR B 3%

-3036 -

Chin J Mod Appl Pharm, 2023 November, Vol.40 No.21

R4 PREFAERGEANEF A TNEFITEE

Tab. 4  Calculation values of patent competitiveness
evaluation indicators of COVID-19 vaccine by entropy
weight method
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Tab. 6 TOPSIS calculation results of the COVID-19 vaccine
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