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Abstract

The age structure of the host population is an important factor affecting the transmission and
control of infectious diseases, and the risk of infection increases with age. In addition, vaccina-
tion exerts varying effects across distinct age groups. Therefore, in this paper, considering vac-
cination, an infectious disease model of SVEIR age structure with latent infection was studied,
and the global asymptotic stability of disease-free equilibrium point, the existence and stability
of endemic equilibrium point were further explored by calculating the basic reproduction num-
ber of the disease. These conclusions have important practical significance for controlling the
spread of the disease.
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AR G IR Al I S KYR, e, BREBR R AR L MO BIRANS A 55k N 5301
Z A EARRE R — ISR 1] e BEE G ERRAT M, AT A et i T E R R, AEFE AT
ARG R T AN AT BE K A2 o DR A G 1 T i AR 1, AT B s SR &5 22 101 T BBUAE A G Ty A
il B 2 R X H A RIS KR RS PSS — RIS 204 iz, (HRELS
FrAaBR—ktl, N RREInE, A5 A @ISR, SEE G rRs e Rk, Haid Lghds ) n ek
Yuith 2L EORPEE S . SCER[2]-[415 58 T BB E S B REJeitE Ty, SCER[S]Pd i s e, e
TH AT DA R PR IE AT A 5, 320 st i A3 s BT NN [R)— i (1) SR L A 2 Tt 2 AR W8 11 A
WA, FlanE—eihim kT ILE, E %, BIRREEG] [7]; —SEmE K THEN, FlncE.
WG AE[8]-[10] . [RIMLAE ST AL YU, KRR R RN FEVE A B E ISR L. SCHR[L1])5F 5T
T B E A L R HBV SRS S ML Jup iR, SCHR[8] 75 18 T AR W S5 M IR R 45 RS AL 4 7 SR B 52
2. REBIEN
FEIX IR 43 FRATTHR H — AT 6% 45 ) ) e R R SR 908 B A8 T AR TR AL YU iR R ) 3 22 e i, JE7E
20t FiENafE AREN (a,t) o8 T3 BIEARES (at) . EFAREV (a,t) . WRATFE(at) . B
TRAEE | (a,t) « IKEABER(a,t) o RAERGL SR %
B « . eE(at)+1(a’t)
/1(51,'()_k(a)J'0 h(a )W
Hork(a) AR a NBEI S, h(a') R " BOW ABERIRGL ), e RIS R G 2 L
2 AR RPN

da’ (2.1)

Z_er%=—(y/(a)+/1(a,t)+y(a))s(a,t),
%4.%:y/(a)S(a,t)—&(a,t)V(a,t)—,u(a)V(a,t),
%+%:(m(a,t)v(a.t)m(a,t)s(a,t)—a(a)E(a,t)—u(a)E(aJ)’
%+%=a(a)E(alt)—7(a)'(alt)—#(a)'(alt)' 2.2)
Z—E+Z—F::7(a)|(a,t)—ﬂ(a)R(a't)’

S(O,t)=["b(a)N(at)da, V(0,t)=E(0,t)=1(0,t)=R(0,t)=0,

S(a,0)=S,(a)=0, V(a,0)=V,(a)>0, E(a0)=E,(a)=0,

(a,0)=1,(a)>0, R(a,0)=R,(a)>0.

DOI: 10.12677/0rf.2025.152109 602 BE 51


https://doi.org/10.12677/orf.2025.152109
http://creativecommons.org/licenses/by/4.0/

2T

Horb, (@) WEERE MR, u(a) NERIETE, [o(a)] ATBBRE, () HREE, 5N
R A (0<6 <1) WP S HAI 6K AR
FNE N (a,t) i 2 -

)=, b(a)N(at)da,
N (a,0)=N,(a),

No(a)=S,(a)+Vy(a)+Ey(a)+1y(a)+Ry(a).

(2.3)

X (2.3) I RFIE LR AR 43 T 15
N (0t —a)e‘fg"(f)dg, a<t

N(at)= ‘ (2.9)
No(a—t)e b1 a>t

F424) 55— RN (2.3) 55— R AT 15
N(0,t)=N(0.t) [ “b(a)e ¥ da.
itk 4 LU A FHY KRS T 0 1A LI FRads, )
j(:mb(a)e’IO H0 Ga =1,

X RG(2.2) bR
_S(a)
S(a’t)_N(a,t)’

eI 245 (2.2) 3 W N

% % -(v(a)+4(at))s(at),

%Jr%:y/(a)s(a,t)—d/l(a,t)v(a,t),

ﬁae

ca ot

=si(at)v(at)+A(at)s(at)-a(a)e(at),
o al
6a ot

=a(a)e(at)-y(a)i(at), (2.5)
or or
st o r@iat),
s(0,t)=1, v(0.t)=e(0,t)=i(0,t)=r(0,t)=0,
(a®=%@) . v(a,0)=v,(a)

i(a,0)= 0(a)zo, r(a,0)=r,(a)>

R A CE R GO ORI e

S
2(at)=k(a)H (1) (2.6)
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)=. h(a)(ze(at)+i(at))da 2.7)
AR Y4 5 1 (a,t) T35, 97 DL UBEIEAT DUSE A A RGEHI T . B2 F oty i vh Bl 1 it R 46(2.8):
22 (p(@) k@ O)s(a)
VLA (a)s(at)-k(a)H (t)v(at),
= sk(a)H (t)v(a.t)+k(a)H (t)s(at)—a(a)e(at),
o ai

. a

ca ot

Z+Z —a(a)e(at)-r(a)i(at),
t

oe oe
_+_

(2.8)
oa ot

/—\
o
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3. B TFHRNEFEYSREM
ARG 8)TF AT T 41 E° = (s° (),v° (),0,0), H.
SO(a):e*fgl//(é)dcf, VO(a):J‘OaW(n)SO(n)dn
RIS T P A B AR E N, BB LN RIS
s(at)=s’(a)+s(a)e”, v(at)=v’(a)+v(a)e”, e(at)=x(a)e”, i(at)=T(a)e”
RN R G (2.8) IR B LM 345

Ez_( (2)+w)s(a)-k(a)H,s"(a),
90 (a)- k(@) () (2)S ),

& (a(a)+0)7(a) +k(a) H (a)+k(a) H" (). @D
(

<

KEFRG(3.1)15:
S(a)=H,1,, (a),
V(a)=H,f,,(a),
X(a)=H,f;,(a),
i(a)=H,f,,(a).
I k(7 e 5 6)+w)d§d77,

foo aHo (—5k(f7)v ()4 (1) T ()€ Van,
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a

a ~[(a(&)+w)de
fo (@)= [ (Sk(V () +k(n)s* (m)e  dn, (3.2)
a [((2)+0)
fy, (@)= a(mV (1), (n)e " dn. 3.3)
HE2FIEIN H,HIZIER, RIS H, (H, #0)
1=["n(a)(ef,, (a)+ f,,(a))da=F (o) (3.4)
AT AEHR, =F(0), B
Ry =, "h(a)(sty0(a)+ fip(a))da (35)
ﬁ;l:':"
Ja(@)

a -[7($)
fo(a)= .[0 a(n)\V°(n)fye(n)e” dn.

TR — ARG AE FT- 25 IR e J 1A [0, a*) BT AE (R I 4k R IR e S N
T LAF & 2
EH 31 AR, <1, REQR8)IILI THm E® = (SO (a),v° (a),0,0) SRR N WER, > 1,
W) JC P i EO ANARE
WEH: 4 o 2&SLH, WA
F'(@)<0, lim F(w)=0, lim F(w) =+

SURFIETT TE(3.4) (U AFAERE— SR 0" i A2

F(o)=1. (3.6)
FTeA R, < LI, (3A)FAEME— 7SR @ <0, PLIS JoH P47 s E REfdiinfae; M R, > 10, o >0,
BERF B AR FaE
FrofREH, %o=x+iy. HEHE

ReF (w)=1, ImF (w)=0. 3.7)

N Ree” <e™, HH(3.6)H1(3.7)1F
F(o')=1=ReF (o)< F(Ren)
BB Rew<w . B F () RXT x WHHBRER, FiLhx<o', B o RAFET A ERAER . 57
B Ry <1, x<o <0, TS E Ridiinias, 2R, > 10 B A .
EH 32 #R, <1, WARSQ2.8)HITHR T #iHE® = (50 (a),v°(a),0, 0) S R R
WEH: X RGE(2.8), IWRFIELAR 53 AT 15
5 (a _t)e-Jé(w(a-t+¢)+k(a—t+¢)H(5))d§ a>t

s(at)= o (3.8)

o P (k@A (-as))as. a<t
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v (a-t)e Josk(a-tre)H (£)a +ftw(a—t+77)s(a—t+77,n)efféa‘k(af”f)H(f)dgdn, a>t

j Sk(&)H (t- a+§)d5dn,

v(at)=

I w(n)s(nt—a+n)e”

e(at)= a ~[ra($)os
J'Uk(n)H(t—a+77)(5v(77,t—a+77)+s(77,t—a+77))e dn,
g o (9) I(a (a— t+77) (a—t+n, 77)) j},(St)d‘fdn, axt
i(a,t): . e
foa(n)e(n,t—a+n)e dn, a<t

BB IO TR R TR TR 5700, H A (a,t)20, LR T-(3.6)i055 =LA

s(n,t—a+n)=e BUDHETRDNE oV _ g0 )

EENIEG:
v(mt-a+n)< [y (0)s" (o)do =v° (1)
eW)SFH<t-a+n>(6k(n)v°<n>+k(n)s"(n))e*ff?““””‘dn
)< [;a(n) [} H (t=n+0)(k(0)V" (o) +k(0)s" ()¢ *doe »"ay
@

_[h (ee(at)+i(at) da+j (a)(ee(at)+i(at))da

It BRI, (3.13)EE &40 0. it (3.9)~(3.12)H] 1%

Ih )(ee(at)+i(a t))da

sjoh f (t-a+n (5k U)SO(U))efjja(g)dgdn
+[ a(n)[H(t-n+0)(5k(o) +k(0)s" (o))e g oe 9
it:
C = limsupH (1)

X (3.14) Wy i [F] I B AR PR, AR Fatou 5| BT 453
Cc< Cjom h(a)(&fs(a)+ fso(a))da=CR,

ik, # R, <1,
C=limsupH (t)=0

A H (1) ik Uy 77
lime(a,t)=0, limi(at)=0

t—+o0 t—>+o0

€ (a—t)efjéa(aftﬂf)df +I; k(a—t+n)H (n)(ov(a—t+n,n)+(s(a-t+ r;,ry)))efﬁa(a*l*f)dfdn,

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)
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LA, 24 Ry <1BF, WP i E° 4 L e i
4. {75 FE RN FEEIRE M

O EE 3.1 WM, MR, > LI, To T A ECARE, LN AL T T
AL H R, >1, WRKQSFAMTITRTHEE =(s(a),v ()€ (a),i"(a))

EHI: 5 RGBT T4 E = (57 (a),v (a).€"(a),i" (a)), ML

ds”

E=—(y/(a)+k(a)H*)s*(a)
d \ -
d‘; —y(a)s (a)-sk(a)H'V' (a)
9 _ sk(a)H'v* (a) +k(a)H's (a)—a(a)e’ ()
da (4.1)
di’
- @) (a)-r(a)i’(a)
s(0)=1 v (0)=e"(0)=i"(0)=0
*=.[0+°Oh(a)(ge (a)+i"( ))da
SRR (4.1)7
S (a):e*fo H*)di,
V(@)= [y (n)s (n)e " S,
e'(a)=H"g, - (a), (4.2)
i"(a)=H ng*(a)
0, (@)= (k(m)V" (n)+k(n)s (ﬂ))efj”aa(g)dfd , (4.3)
0, ()= [ a(n)g,. (n)e """ dn. (4.4)
¥ (4.2) M8 = AP ARNE 1 il rf, B[R e 25 H*(H*;tO)??f
1=["h (gng )+g21Hx(a))da=G(H*) (4.5)

NHAG(0)=Ry, HG(H") AT H' MM IBIMRERE, FTEAY R, > 10, RHE R (4 5) 177
—IESEAR H™, B R G0(2.8) A7 78 M — 1 b 75 95 T~ 4 mid
LR RUIC R T HOI 0 P S AR E M, TR H DU g B
SEH 4.2 # R, >1, W ARS(2.8) MM 5% F# E —( (a ),v*(a),e*(a),i*(a)))%%Bﬁﬁi&ft%\%o
UERA: T4 5 E I s) A &
s(a,t)=s"(a)+5(a)e”, v(at)=v'(a)+V(a)e”
e(at)=x (a)+x(a)e”, i(at)=i"(a)+i(a)e”

RN AR Gi(2.8)H F- IR B L2 M R 5115
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 (osw(a)+k(a)H)5(a)-k(a)Hy5 (a)
O e (ork(a)H )i @) (@5 (@) oK@ ()
B {ora(a)) (@) k(@)K ()@ H V()

+k(a)H,s (a)+k(a)H's(a) (4.6)

9o (o r(@)T (@) a(2)x(2)
5(0)=7(0)=x(0)=T(0)=0

H, = [ h(a)(eX(a)+T(a))da

SKARZ G5 (4.6) T2
§(a): HZjl,m(a)n
V(a): H,ls0 (3)7
Y(a) =Hs0 (a)'
i_(a): Hy s (a)
jLw (@) I;k(ﬂ)s*( ) [+ (é)+k(5)H*)d5dn<0
o (8) = [ (v (1) o (1) =K ()Y () 710"ty <o o
s (8) = [2(5K(7)V () + K () H (1) +K ()" (7) K () H s () 7y,
o (@)= [Fa (1) Jay (m)e 77
P (4.7 = RN H, IRIE A, PILFRRERLLH, (H, #0) o143
1={"h(a)(¢s, (a)+ i, (a))=L(e) (4.8)

R
L(0)= '[Om h(a)(zs0(a)+ juo(a))da
=14 [ (@) e[ (Sk () H o () +k () H' Jyo ())& 7y
-{wmm@uwWMwwmwwmwmﬂm%ﬁm%m@m
<1.
B,

L(@)< [, h(a)ef; (k(n)V" (n)+k(n)s (n)e """ an
+J.:a(77)((.[:(5k(6)\/*(O_)"‘k(O')S*(o'))ejz(‘”“" ))dg )d e* (mw(e”))dgdnjda:: E(a))

58 L(0) RXT Rew MR THEME L, M Rew>0N, A
L(w)<L(0)=G(H")=1
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