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Abstract

Novel coronavirus infection is an acute infectious disease caused by novel coronavirus. Since novel
coronavirus infection broke out in December 2019, it not only endangers human life and health,
but also has a serious impact on the economic development of the whole world. As novel corona-
virus can constantly adapt to the host in the process of replication, it has a stronger transmission
power and immune escape ability. Resulting in the reduction of its sensitivity to the vaccine, the
vaccinated population is still at risk of infection with novel coronavirus. At the same time, the
protective effect of the vaccinated vaccine on the human body will gradually weaken after a cer-
tain period of time, resulting in the gradual weakening of the effectiveness of the vaccine. There-
fore, it is of certain significance to study the impact of vaccination on novel coronavirus. In this
paper, the basic regeneration number and the positive equilibrium point of the model are given,
and the stability of the disease-free equilibrium point and the unique positive equilibrium point
when R, > 1 are proved by constructing the Lyapunov function. Taking the data of Shanghai from
February 26 to May 31, 2022 as an example, and combining the policies adopted by Shanghai at
that time, the model is fitted to the data. The basic regeneration numbers of Shanghai during this
period are 2.5709, 5.1583 and 0.2982. Finally, numerical simulation shows that increasing the
daily vaccination rate and increasing the initial vaccination rate can effectively reduce the con-
firmed cases, thereby reducing the infection scale of the new coronavirus. However, even if the in-
itial vaccination rate or the daily vaccination rate is 100%, it will not completely block the trans-
mission of the novel coronavirus.
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L SRR BB G — P BT B TR IR B 5 A R R A Y R, R B A R R AR S
MfE B A A SRAR . (A BAEH(WHO) T 2020 4F 1 H 30 H B A B e RwR B % 5108 “ B bRt
MRRAFLTARM" , HFHT 2020 42 H 11 H, WHO ¥ BB B el R 2 51 K 05 iy 44 2019 7
PRIFEER, LK FRAN “Corona Virus Disease 19”7 (COVID-19) [1]. FIH, HEFE#E4ZE A2 (CTV)
FRCK B U R #5444 Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) [2]. #i %
2023 4 3 A 29 H, AEkpi AL e R a3 g A0k 761,402,282 A, % T 61,887,000 AFIBET[3].
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PR WS, o e v 0 A4 T e B ) e R Tt 2 T RR[7], DRI ERATT % e AR HE R B I
19 X 37 A bR 5 () 52

T ARV 22 2538 50 2L el PR 08 23 0 4 s 1 1 20 it AR A5 1k, 7E[8]H Glenn Young &8 A&7 T —
2 R B AR AL R A M B e R B AR 3G . I U B B T e B T R A SRR, A R L g
BN VB Rh 8 T 2 T, A7 5 St A 245470 T I R0 G Al 2 ot 5 it e 42 1) 3 R e R B O AR 46 - Cail %5 A [9]42
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Figure 1. The flow chart of novel coronavirus propagation with vaccination
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BB, BRT RS TAEANGSN, HAWNJLTP#AFERE, 76202243 H 28 H& 4 A 16 H, HJETNI
REEENRTEANH, BTEEEN, CRER TS ENERE, BT iadRm s g RIneE, JomE
RGeS 2, FrARMEFE SN, S IR B YR, BURLE A B SR E T A0 (1 K R
BRI, SECREMNREZ KA, IIE NBE A RERBRE DL RER G, bi&E & S5tk
PR P i 5 e i S OB e, IR LRI, RXIRAIIAR I 2, 5B R 2, BT DB e
FEEE—Br BN, BEEGYRHE G L, BT BRA Bk, B AR E AR R B2 . R
A, 2, LEEE—Br B/, p=0.064303379, d=01[18], 2 —=FrB& 202244 H 16 H® 5 H 31 H, &4
HEE, B HIRE 3R ANBOTME T, 4RZEGE eI XY E LR, 5RE 5 un#iE
Il 2o, DA IR A RN, REM R B> KA, BRI KGR NEOTE N, (=
SR DY NE— BN, By MBI 44903 3 IR 12 2800 2 T PV, LA p = 0.12680221, d = 0.02642364 [18].
BT ABRA K 50 =B BORBE T BE R, B 5e4h B OIS s, M523 SCHR[10], B35 70 5P 2784k
W 152 K, HRAEHAUEIOME BHRAT B RN, TEAEIR AFEARN G SR AN 1)L Gtk » = 0.75 [10] [19]; HH
T3 Y IR I 5 AT RE MBI T I S, TR RN S B A A T BB T B RO B, A 6= 0.8;
SRR P E SN 14, x=0.0028, [FNS % &R N, i ABdRD, AT MBS RE
SRR RN v=0.001, FH[20]1%0, 2022 4 Li#gHA NN A =288, HARSET-F AHu=7.69"", HR4E[10]
B V5 TEHE AR G5 & 1R~ 2 4 I (] 1/ y, =1/5.64 , B2 TRl i)~ F 38 Gt 18] 1y, =1/14 ,  BigRE NITR
24871100, 7R 7 10 P8 1 R N 72.6% [21]. 5 WIHAME B E N S, = 6806881, Sy =18064219,
A’=0,Q°=0,R*=0; M E° I°BATHB/N ZRIZHTME, MTRMMSE L A 4, CHEAE
B IR ] REE SR RISZE(MCMC) [21R AT TH. it R W& 2, sa AR AT R S 80T 5
ZANE B A B A EL A 3.

4.2. PEER

K 2 BoR T i 2022.2.26~2022.5.31 HHIEA TF 1 SRV 96 B R SERREf 2B, FF4e T ARG, R
] 95% & 15 X 1] .
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Table 2. Parameter estimation with the method of MCMC (95% confidence interval)
= 2. €A MCMC FE#ITEH(E1H(95% B E X(E)

BBt 24 A 95% & {5 [X [f]

B 2.6463x10° 2.644x10° ~ 2.649x10°®
B A4 0.2798 0.2794~0.2802
2, 0.1002 0.1002~0.1002

B 4.4991x10°® 4.495x10° ~ 4.503x10°®
e A 0.1947 0.1946~0.1948
2, 0.0647 0.0645~0.0650

B 1.8298x10°° 1.826x10° ~1.833x10°°
B A 0.1067 0.1065~0.1069
2, 0.0182 0.0182~0.0182

Table 3. Estimation of the value R, in different stages (95% confidence interval)

3 3. FREIMER R, B0 HE(95%E (5 X i)

i B flTHE 95% & {7 [X [8]
B 2.5709 2.5681~2.5737
b 1924 5.1583 5.1535~5.1630
BB 0.2982 0.2974~0.2990
600 . T T T - a0t . . T T T T
U ; ———
S00r [ 9% FLfH X 4 Ey ol Tﬁ,{,{zﬁu,ﬂ
o Sk ’ Sk o sk QOOOQOPTE

400

Bz il
w
5

N
=1
S
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1 1 000K L L L L
226 34 3.10 3.16 3.22 3.28 3.28 4.6 4.15 4.24 53 5.12 5.21 5.31

(a) (b)

Figure 2. (a) Fitting results of cases in Shanghai from 2022.2.26 to 2022.3.28; (b) Fitting results of cases in Shanghai from
2022.3.28 t0 2022.5.31

2. (a) 2022.2.26~2022.3.28 LG RITHHISTRHIMEIELER; () 2022.3.28~2022.5.31 L RIHHAISHRAIMMELER

4.3, BRRMESHT

SEARFRARR, RETIMPR A 75 2 KA IR R DR e R (1) R0 R, A1 BLRRE I I S 8 &
R, DMEREAT R MmO R . & 4 B IHERFARR ME—ANSH | WH— U

) B 3 1 _aRVI_
PEFRHL T, = R [22].
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Table 4. Sensitivity index
4 BURMIER

BBt B v 0 X A A, 72 n
BB +0.99983  —0.04087  +0.22171  +0.04076  —0.05221  —0.34215 —0.60544  +0.94762
BB +0.99965  —0.04086  +0.22167  +0.04075  —0.10221  —0.23992  —0.65749  +0.89744
HEBrB +0.99859  —0.04082  +0.22144  +0.04082  -0.27654 —0.06721  —0.65479  +0.72203

RAER AW LLEH B,0,x,7 5 R, ZIEMAX, RIR, B XL SHMHE hnmsGin, SO ¥ AU R 5
(RAT BE 5, 1) Ay, Ay, 7,5,V 5 R, R AUAHIG . RRE I KIX L S 00T DA/ N FE A A 0, AT 42 1 g 2
SRR IIIAT « U AT 13 4510 PHMERE . $2m 5 B ERP 2R . SR m B Wi na Ak LR =i
2R P T e R A R M . T S AT R AT 2 B B B SRR B AR R K e, AT R —
BrEL, BITE H BAARRIRE TS8O0 R, 520 . 157875 IE AN SHOW R, IFEME, Ja78 BB R, UMK n
My, W 3. M 3(a). 1K 3(b) W] LLE H N5 7, > 0.6804, 1 <0.2667, R, <1, MME B EHRIFHMELR, M
TR FE R R0 v AT x 6 R, BEma /N, A 3(c)s [ 3(d)nT LA HE B A H B R0l 100%, S 1A RCE
N 100%, R, KT 1, MWAEBEHRTEHFASTE R BIAEERERRE AN Re 56 4 BRI T B b PR 3 25 1Y)
i, POZRIGL S T GR . B FRE K 4 FURIIBEAS ST R, LEA M, MIE 4(a)HmT L
FE, 1Ey, Mg MECATEAT, R ATLLRIEN N M 4(0) 38 aT AE 2y, Flp FBRIME, DMRARFR, <1.
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Figure 3. The influence of parameters y,, 7, v and x on the basic reproduction number R,: (a) Ry in terms of different y, ;
(b) Ry in terms of different 7 ; (c) Ry in terms of different v; (d) R, in terms of different x

3. B8y, n Vv x NEEBEH R WEMW: (2) 7, X REIFNT; (b) X R BIFNE; () v IR, AIFME; (d) x Xt

Ry B9S2
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Figure 4. R, in terms of parameters 7 and y,.

4. n iy, 3t R, KIS

4.4, MBI ERFBHSH OB

AR H AN RS TR DA AR BE A 5t B B e IR B B2 B IR, T TR ZA @
Al v UL R IR RN R 5, BT B A S B2 R BB 5, 23903 HL v = 0.001, v =0.01, v = 0.05,
v=0.1, v=03, v=1, [ 5@ EBmREE v, RIHSHEIERRED, B3 ss: H B 5
RUEIRI 2 AL A IHIE R, (HRME v=1, bigE bk 2 B2 8 A 22,600, HR4ES%
SCHRI9T, i BB B el R BRI QR PP R A 72.6%, 3 Bl BXWI4h#Fh Zh 80%, 85%, 90%, 95%,
100%, 4] 5(b) R R BEE W46 M AN E SR 3N, R RIS R Ok >, BRI AT 12 R AT R
T AL et R EE R O HE VG DUk B A, RTS8 1 A AR 7 75 2R 0A E1) 100%, FRATRTLALER 2|
g RIS TR Bk DD B 27490, X 3 BR P PR RN AT DU FE SR AR T AURARIA TR AR R, (R AR —
O SE R A FE e, DRI R AT 75 2 5 SR I Ath S s e BEL LB 37 AL e R B AE_ g HOAL 4%, BN iz b

4 4
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Figure 5. (a) With different v values, the cumulative confirmed cases’ trajectory over time; (b) With different initial vaccina-
tion rate, the cumulative confirmed cases’ over time
5. (a) ARG BEME v, RitFRiSHEIMERETRAENE; (b) BREMIREME, RiH#iSmHHeIRER &
T RIFNIE
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T 2022 4 2 A2 5 F RS R0 BARERE £ FRATESL T MR, B IRA R
HAT R (2 v e b L BB ¥ BAT A R, (RIS 25 RRE B T AN Be et AR 21 100% 0K CR 3, B4R
B NBRATS A B B e i 35 (M TT R, FRATT S A28 DA S48 P2 1 5T g e 0 e s B AR R 1 5
Wi o T SR IRATRE N — AERE VAT R TR A B AR R, R TP SR A AN B R A,
43 Lyapunov BREGIEEA T 0 P4 sl LA K R, > LB ME— g IEPi st fese th . SRR 3RATIUE T ifg P A=
fRREZE A2 2022 4E 2 F 26 HZ 5 H 31 HIRE #0150 , AR BUR R — 514 6l i
fit, FEEEAMERBE LR =AM B BATE R AT REE SR RIS IE(MCMC) R AN THE AL I S 4, G 2R
TS TR I ECR I A AL e M, BUE RO R 2 Fios. Ho@I TS T B =AW B A R
A= #3597 2.5709. 5.1583. 0.2982, FWRAF A RN TEAE_ LR A K. RIERSHIZSH, X R,
AT BURNE 3T, AL 3 R 4 3RATT 50 B T B8NS HL y,y,m v, x 5 R, BISEHE AR AN S8y, n XFR,
ISR o FCIRIRATIZE B8 T AR [ Ry 2 i et 5ok 3 et A P PR B 28 R R R o AR ] 5 AT T
DAAS 5 i H 13l L9 LA WI AR Ha P LB, Be R A R BB ], AT AR P A% QoA . 9 HL
B R LG R, B2 NBORD, ER BB AR ER A B 100%, B 4 H R LU 100%, FF
ANBETE A BT AL et RO 78 . BT LARATT L 12 R BROHC A 7 v SRA% 5 B R 35 (AR 3, 9 G2 B
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