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Abstract
This paper investigates a class of SLEIRVW infectious disease dynamics models with the effects of
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environmental viral load and vaccines, provides in-depth dynamics analysis and calculations of
the models, calculates the basic regeneration number R, of the models by the next-generation ma-
trix method, and analyzes the local stability of the equilibrium points using Hurwitz’s criterion
and matrix theory. This study focuses on an infectious disease dynamics model featuring the inte-
grated consideration of the study focuses on the dynamics of an infectious disease, characterized
by a combination of environmental viral load and vaccine effects on transmission, and draws the
following key conclusions: 1) When the fundamental regeneration number, Ry, is less than 1, the
infectious disease cannot be spread sustainably, which is the ideal state for infectious disease
control. 2) When Ry is greater than 1, effective control of the spread of the infectious disease re-
quires measures to reduce the rate of exposure to the population and to increase the coverage of
vaccinations. These two factors have an important and positive impact on the spread of infectious
diseases. Therefore, reducing the contact rate and improving the effectiveness of vaccination can
make the basic regeneration number R, decrease, that is, it can effectively control this type of in-
fectious disease.
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R, IR IS BUOE AR AL YR HEAT 58 B 5 8 PR 3 A B 7 DA BT R i A G 76 I — 1 IX 2 13 o & SE F
4R J. 1926 4= Kermack 1 Mckendrick [118 5T T 1665~1666 416 ¥ SR A6 LA & 1906 4 3K TR ,
Fd 7 AAEEE B, BT SIR [ BAR AL 5 RIRAT R I UL T B TR SIR 5
B, BTS2 AT 0S5 A i P S AR R 2 M BB W S ANME . 1932 FARATT AR SCHR[2]
T SIS B, JRPRM T HRME RS, Hethcote [3] [4]XF XL TARHEAT T RGN 45 . SCHR[5] [6]2 A
LRI Gl 3 ) AR, IR JSE PR 5 R A0 BE 3 25, SRR R 43 30 DR ik 4 D7 ALY 7] [8] BEALARK
Gy T FERETY[9] Moy i FRAR Y[ 10155 o F N BEAF G SR 1) A% i A 2L A B L M S0 4% G 1R Ko i 35
AR T X6 AN B A B S AR O AR TR SEAT R 7T, SRR [ 1018 AN [ A% 245 S AT T30 (] IR 1) 5 338 f10 575 4 45 i
SR = AL, XK KRR > N 2 BB 2R 45, W A e R e A 2R .

1.2. IR K BIRE

Gumel FE[12]9A 9 Y 24K 2 B4k A2 th TORER B L 3 A ) » R A% e A A 2 7 A 35 TR
FRAkiX — FERFE. Mohsen SE[13]4& H T — N5 B S IO KR B LW (1AL e i A, b U3 WY L1 S it
B A A B T f B AL 5 . Kamara SE[1418 57 TR AL 310 SEIR Hrodti R, SIEW] 1 Johi 14
s R 995 P A SR AR M AN A SR AR ME . Zamir ZE[15]55 B8 T AR Y A R Bk, SRR BT T 1
PR PR BOIEAT T REBUZ T, BRSSO BBUR 28 BB AL, SRR T 7T thee
igfedt, & E AP FRINEWRR PR REME L HCAEA, fl kate 5 AFH ODE #:%4[16]
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[A8IHIFFE 1 e v AE AR J7 THI B R0, 38 — S AT 57 DU 00 BT 45 30 A4 47 75 30 42 ) 10 e A 2 1 7
ot R LSRR A AR R . BN, AETRAT RN, RN B TR T BT ISR . R
Biiea 299ia T 5. ORI, HEA 2 EARCHCR D 25 AR SR 10 A S DX A S0 50T 1R 47T
TGt o (NS T S5 ) A G B DL AE (B SO AR IR AR 7 AR B9, AR SEIKIIR YT 7 %
REAERIARR, BT L5 R B %, IR mERAIB R ESLE. 15, ENRELE
i A QeI i B o R %, AH— R, — AT AR e th LG 2 LA H I TR A B R ¢
Hio IXECTEFRATH T N TENLIE . RIS it AL B O AR I 1 12 % PR 3k 25 (O e [H 3R 5 ) 8%
AN, FEMPERETIN AT A K) . AL ARG, S AHSCEIR RN, A% SR R AT LR B ) A% 1
TR FE A 35 I (R I K 80 S R PRI A ) 7 5, DT S R R il AATT B A i U 7 K
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ATIEHIRINA L, FT AR IS G (K7 TE 4T3 5 4k 25
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DN B )15 B AR B SR BT B B e b A 1) % 51 S B A T I R
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FEA P A $4[19] (Basic Reproduction Number, 1% 4 5 4 Ro) A2 AT 2% 1 F SR A% el A& 7k e
MEERIR . —. ERRNENTFY, —NEEPAELRZ DA AME . B, FEAR A RdR
TAE—ATEA G IBNTE, B R ANATE A% L 1) Gl 2 R S mT A% e AT U] B ) 2> 15 3 45 2 /DA B
(1 5y A . TR — AP EEAR AR T 1, AKX FBR A o] BE T SO 1 J R N BE AL 7% . M
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JRaAH B EEE . TR DU R AR AR

N —ARAEFEE[20] (Next Generation Matrix Method) & — R 4790 2 A B T4l i A B AE S (R I
ho BRI TAE G AL YR A R R ki, 32 22 (i David Champredon A1 James Watmough f£ 2015 4E##
Ho TR AR BRI I B AR TR K A% G 0 A% R AR 0 s T AN LR 43, % e e e o o PR B e
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2.2. PR REAERENFIR S FE—Hurwitz FIiE

Hurwitz J1J4& (Hurwitz Criterion) & — i FH - i sk 2 %0 2 TR IO AL B 1 T7 % . 12 AR /R 3 T 2 10
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HF—AMERHETAP(x)=a,x" +a, X" +--+ax+a,, Hurwitz FI45 0] LU LR 255847 -

1) #i& Hurwitz %605 Mg — A nxn B5ERE, HPE—1Tha, a8, -, B AT Na,a,,8,, -, K
HEHE, BB niTNa, 2, 5,8, 5

2) WHEE T HE Hurwitz 58RI FTA k xk 327 X (subdeterminants), ik =12,---,n;

3) HrfeEME: WA FTRMEERTE, WO SRR 71 WA — 3
TRMEDTETE, N2HAXEDH IR

Hurwitz J4f 1) 3 22 AR R H 22 I R 80K (A1 B 4 Wr 2 DR A &, AR 2 B BRI
KPP TIEAEAERIE . A5 T A DA TR SRt A& T IZ R, Rl 2 72 R R G Ae e 7 1
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G303 17 B T PR 18 SR R B9 VR T B 7 S o 0T TR H I I A G AN — R AR S IR A e, o T AN
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BRES . X IX RAE G R A FRBR . AL Z% [ Sanjoy Basu % A[21]1) SLETIR #i%, #ar
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Figure 1. A warehouse diagram of an infectious disease model with environmental virus load and vaccine impact
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