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Application of SEIQR Epidemic Model to the Prevention and
Control of Tuberculosis
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Abstract: A class of SEIQR epidemic model with infectious force is investigated in the latent period and biline—
ar incidence for tuberculosis. We discuss the global stability of the disease-free equilibrium and the endemic equi—
librium. We analyzed the effect of vaccination quarantine and related parameters on the diseases by combining
with the feature of the tuberculosis and applying the conclusions of this model. We put forward some suggestions on
control of disease.

Key words: SEIQR model of tuberculosis; stability of the equilibrium; vaccinati-on and quarantine; the strategy

of prevention and control

12014 -05 -25
( A200502) ; (12521099) .
(1962—) E-mail: dmli_2013@ 126. com;
(1989—)

(1989—)



1 : SEIQR 111

6738 .6 d
) ) 1
yd, Y
vk
,m
o (1)
dN
EzA—,uN—d,]—sz$A - uN
10 11 12 (1) 2 =
SEIQR {(s ET10QR) |0<S+E+1+Q+Rsi} 0
2

2
(1)
A =B,SI - B,SE —uS —mS =0
B,SI+B,SE - (u + &) E =0 E
eE—(S+u+d, +y)I=0 g (2)
o = (k+p+dy) Q=0 E
kQ +yl —uR +mS =0 U
SEIQR (1) Py=(A/(u+
m) 000 Am/u(pm+m)).
1#0
R = A313+Aﬁ2(ﬂ+5+d1+7)
" (utm)(pte) (p+s+d +y)
(2)
g A /- s(mw+tm) (R, -1) .
(u+m) R, 315"',32(,&""11"‘5""}’)5
d
E:’u+ 1+5+fyIQ: B / 0
k+u+d, 0
ds R=(mS+yl+kQ) - - H
E:A—B,S!—BZSE—MS—mSB w N
dE O (3)
 TBSIHBSE ~(pte) E B 1 R,<1 (1)
df 4 O Py, Ry >1 P,
dQ 0 R") P (3) )
S =8I —(k d
a “O Ukt d) @ 0 2 R <1 (1) P,
dR . R, >1
5y =HQ +yl —pR +mS H 0
SEIQR (1) P,
N N=S+E+1+ (A+w) A+(k+dy+p)  A+(u+m) {A°+
Q+RA B B AB,

. ” " (,u+m) +2u+e+8+d +y A+



112 20
(w+e) (w+d+d, +y) (1 =R))} =0 (4) lim|1+hB|—1
R, <1 (4) v h
(1) 1"° D (H,)
. R, >1 (H,) : q<0 (1)
(1) 0 R 4 R, >1 (5) .
(1) (0 (5) o
ds . o P,. 2
E:A_BISI_BZSE _ILLS_mSD R0>1 PO . PO ag;
= = ' 8
@:BISI+BZSE_(M+8)E D (5) {Na}aEA {PO} W (Na) ﬂ{.Q X
de 0 e d(x 2) <&} =¢ 13 3.6.3
%=€E—(5+M+dl+y)l % (5) :
) 5 R, >1 248, <p(p + &)
(5) Q' ={(SEDNIOSS+E (5) (S B T)
+I<A/u} (5) (5)
3 R,<1 5
P (A 00 0 (5) O-Bi! =BE - (u +m) -B.S -BiS[0
O( (M+m) . J:D Bil +B,E 325_(M+3) B:S g
Liapunov V=eE+(u+e)l B H
[l 0 & -n U
(5)
n=p+d, +8+7y.
V=gl +(u+e) "= B,SI+B,SE —(u+e)E + J
+ E-(u+d +6+y)I =
(re) o = (prdy +o+) S -8l {4 40) B 65 O
B SI+&B,5E —(u+e&) (nu+d, +8+y) I< , O 0
I°= ¢ -Bil-BE-(ptm+n) =B,
AB, e Aﬁz(ﬂ+d1+5+7) H H
,u,+m+ w+m - U 0 Pil+BE B3 -(p+e+n) O
(n+e)(p+d +8+y) 1= P(x) =P(S E I) =diag|1 £ E P
I 1 4
(p+e) (n+d +5+y) (R, 1)1 b o I E I
1=0 R, =1 V'=0; R,<l1 Vo< =dag oy E_I}'
0.  Liapunov P, (5) B :PfP_1 +PJ* P!
_ Bll B]2
- B, B,
W=flx) xeD (6) B, =ﬂ25 _BII_BzE_(zﬂ"'m"'S) B, =
o t xo) (6) x( 0 xo) =% [BIS[ ,818]] B - eE O]T
E E 21 — I
(H,) ReD; of L grpp (wtm+n) S O
e B I-BE-(y+m+n _
(Hz) (6) xeD. B :DE [ B] ﬁ2 /J“ ﬁ2 D
n n . B Er H
x—»P( x) 5 X 5 xeD 0 Bil+B,E F_T+ﬂzs_(,u+5+n) O
P(x) eC'. P (x) xe K (7)
K u( B) <sup{g, g}
) 1, g =i (By) +1B,1 g =1By1 +u,(By) |
q :}LTE)HJZTJ o B(x(s x,))) ds B,! 1B, l, “
. oo [ Lozinskif
B=PP +P87P . P, P(x) f (7)

u( B) Lozinskil u(B) =

Ml(Bn) =B,S =B -B,E - ( 2u+m +&)



1 : SEIQR 113
BSI E .1, E(1) . t =T
Bl ==~ 1B, | =57 fim =gy~ lim(p 4 m) <0
I g=sup{g,(t) g>(1) g"5(1)} <0
81 = _,Bll_BzE_(M"'m) +BZS_(M+3) +—B1S I ’ ’
E 1 (5)
(8)
B,, 6 R, >1 P, =
(S" E°I' Q" R") 0 (1)
o
Ty THTmen -B.S 0
B/ZfEE ! E 5 t—>+o (S EI
E/ [ * £ *
0 Bil+B T S (pretn)g (S E 1) (1) (1)
By Mo dQ
(B,) di =8l ~(k+d, +pn) Q
E I
u( Byy) :max{f—T—,u,—m—n (iT]t{:mS* +yI" +kQ —uR
kI t—ew Q1) >Q R(1) >R
E ] +2BZS M & n} (1)
g =sup{g’; &}
3
. E I E
g2=E_7+2,325_(,L+8)-n+‘97 (5) A=0.18=0.38,=0.4
. BT oF . m=0.1 £u=0.1 £¢=0.8 d, =0.01 §=0.1 y =
g =~ ~(p+m) —n+= (9 0.6 k=0.2 d, =0.005 (1.0 0.5
() 0.3). P,=(0.500) R,=0.350<
BSI k- 1. 3 (5) P,
5 g BSt(uts) 1. m=0.01 y=0.1
10
eE I (10) 24, <p(p +e) R, =
o 1.129>1 P (0.805 0.031 0.012). 5
(10) (9) P 2.
. _E° 1 2
g2:E+2ﬂZS—,u,—g
m Y R, <1 )
g”zzEf—M—m (11) m y Ry>l1 Y
248, <ulp + &)
.1 (E
it < time [ (5288 - - o) < 1
. E(t) .. (248 t-T 0.9 ¥
PgtmEuq+P$(M2—u-J o <0 o -

t—w | S S
E(1) S(#) ] .
lim 7[1n In - limpy—— <0
gy sy 1T
' " . L ' Ef
tim [ 20 i < fim o (5 e = m )i <




114

1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
2
4
22
16%
2000
150 13
91% . 2006 €
2010
100%
B B, m o
(5)
12
0.2
0. 75.

0 2 4 6 8 10 12 14 16 18 20

*

0.1 £=0.011 d, =0.08 y =0.75 & =0.2.

(R, >1)

P
2005
79%
p,
80% " .
0.08 15
(3)
Bl ,32 m 6

P

A=

20
(1.0 0.5 0.3)
3 8.
1 B, B, méo
m o Bi B P’
B =0.5
(0.31 0.24 0.04) 3
B, =0.6
m=0.15 B =0.5
(0.24 0.29 0.05) 5
§=0.3 B,=0.8
B, =0.6
(0.23 0.31 0.06) 7
B, =0.8
B, =0.5
(0.30 0.31 0.06) 4
B, =0.6
m=0.1 Bl =0.5
(0.24 0.35 0.07) 5
§=0.2 pB,=0.8
B =0.6
(0.23 0.42 0.08) 6
B, =0.8
! —S
0.9 _E-
0.8 -
0.7

0.6
0.5
0.4
0.3
0.2

0 5 10 15 20 25 30 35 40 45 50

3 m=0.155=0.3 g,=0.53,=0.6

—s
Al
—1

0.3
0.2 K
0.1

005 10 15 20 25 30 35 40 45 50

4 m=0.15=0.2p4,=0.5p,=0.6
35 4 6
; 5 7
B

Bi



SEIQR

115

=t )

5

5 10 15 20 25 30 35 40 45 50

m=0.15 §=0.3 g, =0.5 8, =0.8

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

O L n L L L L L L L
0 5 10 15 20 25 30 35 40 45 50

6

m=0.165=0.2 g, =0.5 g, =0.8

0.9
0.8

—s
Sl

—1

7

0 L L L L L
0 5 10 15 20 25 30 35 40 45 50

m=0.15 §=0.3 g, =0.6 8, =0.8

8

O L n " L L " L L L
0 5 10 15 20 25 30 35 40 45 50

m=0.16=0.2 8, =0.6 g, =0.8

2 d
5 m
B, =0.5 B, =0.6 0.3 =0.314
A=0.1 2 =0.011 0.2 =0.319
y=0.75 £=0.2 0.01 =0.330
2 : 6=0.3
0.314 ; 5=0.2
0.319 ;
6 =0.01
m > 0. 33

RUAN shigui  WANG wendi. Dynamical Behavior of an Epidemic
Model with a Nonlinear Incidence Rate J . Journal of Differential
Equations 2003 188(1): 135 - 163.

DAVID J Getberry FABIO A Milner. An SEIQR Model for Chil-
dren Diseases J . Journal of Mathematical Biology 2009 59:

535 -561.



116 20
3 . SEIQR 2009 45(4):118 -120.
I 2012 24(2): 42 -46. 13
4 M . : 2004: 147 -163 178.
] 2012 6: 250. 14
5 BIMAL Kumar Mishra NAVNIT Jha. SEIQRS Model for the J . 2003 25(3): 129 -131.
Transmission of Malicious Objects in Computer Network J . Ap- 15 J .
plied Mathematical Modelling 2010 34(3): 710 -715. 2006 29(8) :505 -506.
6 . 2004 ~2008 16
I 2009 25(11): 803 -810. J. 2009 24(3): 461 -469.
7 17 SEIQR
J. 2008 28(1): 101 -103. J. 2012 27(1): 136
8 - 144.
I 2007 5(4): 312. 18
9 . I J. 2007 37(20): 175 -178.
2007 42(7): 670 -672. 19 I
10 . SEIQR 2010 30(2): 23 -29.
I 2010 26(6): 43 -49. 20  YANG JUNYUAN CHEN YUMING ZHANG FENGQIN. Sta—
11 bility Analysis and Optimal Control of a handHoot-mouth Disease
SEIQR J. 2011 25(1): (HFMD) Model J . J Appl. Math. Comput 2013 41: 99
90 -94. -117.
12

SEIQR J.



