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An SEICR hepatitis C model with relapse and latent infection
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Abstract: According to the transmission mechanism of hepatitis C, we establish an SEICR hepatitis C
model with infectious latency and relapse effect, and give the basic reproductive number of the model.
It is proved that the disease-free equilibrium is globally asymptotically stable when R, < 1;the disease-
free equilibrium is unstable and the endemic equilibrium is globally asymptotically stable when R, > 1.
Choosing the case data of hepatitis C patients of Shaanxi Province, we use the model to simulate the
epidemic trend of hepatitis C in the next a few years. Finally, the sensitivity analysis of parameters
shows that the number of hepatitis C cases will continue to increase in recent years. Improving public
awareness of hepatitis C detection and strengthening immunity can improve the recovery rate of hepati-
tis C patients and reduce the proportion of disease relapse, so as to control the further spread of hepati-
tis C.
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Fig. 1 Warehouse diagram of hepatitis C model

FHBL ) (o3 D7 AR

ds

A A= S(BE +B,]+B,C)—usS,

dE

u S(BE+B,]+B,C)— (o +un)E +pR,

d/

E=wwE—@+Mﬂ, (1)
G(li—fza(l -b)E +pgl —(y + a +u)C,

dR

E;=(l—pM1+7C—(M+pHL

HAAFRNORFERERA, w3 BRIETR, o FRPIRILT R, B FmIIRE IR, B, RRE
PR e e, B AR IB TR E L YA, o FoRIB IS BRI E RS 3, WRE LA FI 1 ~
b A FEAREL Sy SR R B PR, ¢ 3R SV F RS R, SRR E I LA p AL - p By LER
eV MW, v FOon BRI R, p R NIHRE B R KR

BhAm, BEONEEAAEANE, R 8 5 AT BTG



5 3 1 LY, &5 —RHA R R YLR) SEICR R 151

Gll—jzfz/l -uN —aC <A - uN.
DAY (1) B8 B R IR ] AN AR5 Ky
X:{(S,E,I,C,R)ERS+:S+E+I+C+Rs3 )
Fe TORMAE X Th R AL (1) fif 1 3h 22 1
2 PR AR

A O TR (D B SER BREZ IR, SRR SETHE P ml A7 e

BB BAFAEA I £ 0, 0. 0. 0 BUEAEEHEI i van den Drissche tal. 2002) 143
B (1) B BEAS P-4 4K
R = AB1M2M3M4 + B,obM M, + B0 (1 - b) M, M, + BsobpgM,

~ M M, MM,
, o (1= )M, +pab(1 = p)gM + ypobpq
M M, MM, '
HM =0c+p, My=qg+u, My=y+a+u, M,=p +p. RTERICD)NM SN, BUTFE58.
RAEL R, < UM, BB RIS P[0, 0, 0, ) HR,> 185, I TRAFH
SN, BRI B EME— I b - P(ST, BN, I, €, RY).
ERR HFRUE Y R, > VI, AR (1) A7 78 Hb )7 o5 V- o P . 35 b i P-4 o5 P A7, DG 2 AR
EE

A - S*(BIE* +le* +B3C*) _,U«S* =0,

S(BE +B, 1" +B,C)— (0 +u)E +pR =0,

abE” = (q +u)l" =0, (2)
o(l1 -D)E +pgl" —(y+a+u)C" =0,

(L=plgl" +yC = (n+p)R =0.

RAG
G A MMM M, = ypo (1= b)M, = pab(1 = p)gM, = ypobpq .,
2 uM, MM, ’
ob .
]* _7E¥’
M,
M,M,
R = a'b(l —p)qM3 +yo (1 -b)M, + yobpq £
M,M,M, ’
/\Iq:‘
E* = ﬂM1M22M32M4
(B MM, + B,obM, + B.a (1 = b)M, + B,obpq ]
1
R, = 1),

x (
M MMM, = pab(1 = p)gM, = ypo (1 = b) M, = ypobpg
HEuEM, M, MM, —pcrb(l = p)gM, = ypo (1 = b)M, - ypabpq > 0. I 5415



152 iR R (HARRRARRD (FR9E30) 562 %

MMM M, = pab(1 = p)gM, = ypor (1 = b) M, = ypobpq
> po [ MM, = b(1 = p)gMy -y (1 = b) M, = bpq]
= po[b(1 = p) MM, + (1 = b) M, M, + bpM, M, = b(1 = p)gM, - y(1 = b) M, - ybpq |
= pff{[b(l = p)M(M, = q)]+[(1 = b)Y My (M, = )]+ [bp(MM, - vq)]} > 0.
g, MR, > LI, E*> 0. AR 1AL (1) 5 -1 5
FEL ST SO T R A R P A F A R S O T SN B R T T AR,
9 VAT 5T N7 25 IR R LA AE I TR Bk T s IR S

3 O SR AR e

A, AT TOH T R AT AR SY A R AU, S r P PR e S A RN S R
o G B TCHR - 5 R R T

T2 YR, < I, Fp<minfq, y+a), TRTHEPRHEERE: YR, > LI, TRT6ES
POK%%\%O

R ffﬁﬂmm&%mo(ﬁ, 0. 0. 0. 0|4 HHERT ARy

A A A
M -B,— -B,— -B;— 0
© ® ®
A A A
0 -M +B— B.,— B;— P
J(P,) = I M I
0 ob -M, 0 0
0 o(l-b) Pq -M, 0
0 0 (I-pg v -M,

BT (Py)BIFFIE SRR (A + ) g(A) =0, D g(A) =A% +b,A° + b,A> + byA + b, Hrp
b] :M1+M2+M3_,81%+M4>0’

A A A
b, = [M]MZ + MM, + M,M, —,BIE(MZ +M,) —Bzﬁa'b —[%Zo-(l - b)}

+(M1+M2+M3—,812 M,>0,
A A A
by = [M]Mz + M M, + M,M, —BIE(MZ +M,) —Bzzob —B3Ea'(1 - b)}MA

A
+ [—M(31M2M3 + B,abM, + By (1 = b)M, + Byabpg) + M1M2M3J

—ypo(1-b)-pob(l -p)q

A A A
> [MIMZ + MM, + M,M, —,elﬁ(M2 + M,) —,Bzﬁab —,83;(7(1 - b)}m

+ M, M,M,(1 - R,)>0,

A
b, = |:_,U«(B1M2M3 + B,obM, +Bs‘7(1 - b)Mz +B30'bP‘I) + M1M2M3:|M4

— ypabpq — ypor (1 = b)M, = parb(1 - p)gM,
=M, M,M,;M,(1-7R,)>0.
i



5 3 1 LY, &5 —RHA R R YLR) SEICR R 153

A
a1=M1+M2+M3—BIﬁ>O,

a,=MM, + M M, + M,M, —BI%(MZ +M,) —Bzﬁab —/3_%0(1 -5)>0

a; = - %(B1M2M3 + B,abM; + Bya (1 - b) M, +Bso'bP‘I) + M\ M,M; > 0.

A

A
a,a, — a, =(Ml +M,+ M, _BIM)

X[M1M2+M1M3+M2M3—,812(M2+M3)—,82a-b By~ a-(l—b)}

A
+ ;(B]M2M3 + B,obM, + Bya (1 — b)M, + Byobpg) — M, M, M,

A

= (M] _512)|:M1M2 + MM, _,81%(]”2 + M%) _Bzﬁab —ﬁ340'(1 - b):|

A

+(M2+M3)[M1M2+M1M3—,Blﬁ(M2+M3) ,BlLa'b Bi— a(l—b)}

o (M, + M) MM, + %(ﬁzang + B (1 - b)M, + Byobpg) > 0.

bib, = b; = (al + M4)(a2 + alM4) - a,M, — a;, + ypo (1 - b) +p0'b(1 _P)q
=a,a, +a,’M, +a,M, +a M, +ypo(1l-05b) +p0'b(1 —p)q -a,M, - a
=(a,a, = a;) + a,*M, + a,M,* + ypo (1 = b) +p0b(1 —p)q > 0.

HA
1b2 ) b12b4

(b
= [(aya, = ay) + a,*M, + a,M,* + ypor (1 = b) + pab(1 - p)q]
x[a,M, + ay = ypor (1= b) = pob(1 = p)q]
= (a, + M) [a,M, = ypobpq = ypor (1 = )M, = porb(1 = p)qM, ]
= (a,a, = ay)a,M, + (a,a, - a;)a, + a,*a,M,> + a,*a;M, + a,a,M,* + a,a;M,?
+ a;Mopa[y(1=b)+b(1 = p)g]+aspo[y(1 =)+ b(1 - p)q]
+(a, + M) pofybpg +y(1 = b)M, + b(1 = p)gM, ]
~(aya, = ay)po[y(1 = b) + b(1 = p)g] = a*M,por[y(1 = b) + b(1 = p)q]
—aM o[y (1= 5)+b(1 = p)g] - {pory(1 - ) + b(1 - p)q]}
—a,’aM, - a;M,* - 2a,a,M,’
= (a,a5 = a;)by + por[y(1 = b) + b(1 = p)g]b,
+(a, + M) pofybpg +y(1 = b)M, + b(1 = p)gM,]
+ M (aa, = ay) = a,Mi(a, + M) po[y(1 =)+ b(1 = p)g]+ a,M(a,a; - ay)
= (aya; = a)bs +po[y(1 =)+ b(1 = p)q]bs + a, M (a0, = as) + M. (aa, - a3)
+(ay+ M) por{y(1=0)[(a, + MM, = a, M)+ b(1 = p)q[(a, + MM, - a1M4]}
+ (a, + M) paybpg.
Mp <min{q, y+afft, H(bb,—b,)bs—bb,>0.



154 iR R (HARRRARRD (FR9E30) 562 %

M4 Routh-Hurwitz F4 (B AUESE ,2001), MR, < 10, JORFA 5 P Rl fae . MR, > 1H},
by <0, M J(P)H—IERFIERR, B TOH P AR E

E2 EH2M&Me <min{g, v+ af, WIESSEOEY RS, BN E KRN T 20 IR
B RGN E IR R, X AE N AL AL B A PR AR 25 5 6 1

F2 T R — 20 2% R TCH Tl s i 2 R Bl ) SRS

EE3I YR, < IHf, Joh sl Py rE XX F4 )R],

UERA  #43& Lyapunov pREL (5K K EE 45 ,2016)

M

1 -
V,=—FE+ B.AM, +B3quM4 +( p)q + P4 1+('83AM“ +7)C+R.
P mupM, upM, M, M, M, M, mpM, M;
KV () KR THRL(1) Y4 4L
dv, :%di_’_ B, AM, +B3AP§IM4 : (1 _p)q i YpPq ﬂ
de p dt MM, M, M, M, M,M, | de

3AM dC dR
de

= Marg B.E +B,I +B,C) - M\E + pR
P

AM, B ApgM, (1-p)a . g _
{ M)MM + i, +M2M3 (obE - M,1)

( AM,

<

. B,AM, +B3quM4 N (1 —P)’] + Yrq :|(0'bE—M21)

”) a(1=b)E + pgl = MiC]+[(1 - p)gl +yC - M,R]

b‘;
t\>3§

(B.E +B,I +B,C) - M1E+pR]

oM, ppM, M, M, MM,

B AM, Y _ _ _ _
+(WM3 + o Lo (=0 E + pal M,C]+[(1=p)gl +yC - M,R]
1
—m(no— I)ESO
/%Q]:{(& E, I, C, R)‘ddvl‘ =0}={(s, E, I, C, R)E=0}, 7£Q, N Y1 —> =i, KHiFH,

SﬁﬁakﬂaC—W,RHO,%uﬁﬁﬁﬂﬁﬁﬁywwﬁﬁwﬁﬁﬁomm&mﬁﬁﬁﬁﬁ@w

Salle, 1976) 1, X WHYEATHLAE T Py, P TCH T4 5 P, 2R3 1 o
MR, =10, A
dv, 1
de pM, M,

(Ry - 1)E + AZ(S—)(BEWZH,& )

Mo A <
- (5 M)(g,E+321+ﬁ3c)\o.

dV,
dt

wwém:(&E,Lc,m} } 0 R RS E

(i) %s:%, WHE=I=C=R=0.

(ii) %s<%, WA BLE + Bl +B.C=0ME=1=C=0, HIEQ N, Y1 offR 0.



5 3 1 LY, &5 —RHA R R YLR) SEICR R 155

B { Py} 2 Q, PR (1) e Ko A7EEE . [l LaSalle A2, R, = LI, ToH V- 55 Py 22 Jm)
uﬁ%lo

4 TR R A R R E 1

RGCUE T Mo A 5 BOAF AR I, AR % 8 b A 5 i 2 SR R e o
EIE4 YR, > 1H, Hzﬁfpﬁ%%,ﬁP R ER
ERR b7 P P (ST, BT, I, €7, RO TTFE(2), g

S E 1 Cc R
X="77, Y=, 2=, v="—"-, W=_-,
S” E* I (0 R
%iéﬁ(l)ﬂuﬂﬁz%ﬁi
{;‘( - 1 E(y-1)=-B1"(z2-1)=-B,C (v - 1)},
_ BZ i_ B3SC v pR wo
y{ﬁls D+ (y 1) E (y 1) E’ (y 1)}
dz

“bE y } (3)

[
b [ (]
o frp(s ]

¥ 1k Lyapunov pREL
V,=8(x-1-1Inx)+ E*(y -1- lny)

LBST pR = yC gl (BSTC O
obE’ obE" obE o (1 = b)E" + pql”]

L[ BSCryC
o(1 = b)E" + pgl*

}I*(z -1-1Inz)

)C*(v -1-Inv)+R(w-1-1nw).

i
p U BST PR —yC pgl [BSC+yC] o BSCHyC
' obE obE" obE[a (1 = b)E" + pgl']’ P o1 =b)E + pgl*”
WV, 1 R5 )2 FECHN
dv, _ x—-1dy Ly — Ldy 22— 1dz -1 dy Jw = 1 dw
TR y de rh e e e T TR

=8(x - 1){;‘(:6 - 1) “BE(y-1)=-B0(z=1)=B:C(v - 1)}

+E(y - ){,BS(x—l)+'BZSI(y—1) B*‘Si@(’”’—l)ﬂ”‘f(’”—l”

E y E"\y
+F I (z - 1){”3’]5 (Z - 1)} F,C (v - 1){"(1;*1’)?@— 1)+pg{*(z— 1)]

+R*(w - 1){(1 _é)q[*(; - 1) + 3;{0(::} - 1)1
=(x - l)A(i - 1) “BSE(x-1)(y-1)=BST(x-1)(z-1)=B,5C(x- (v -1)

+B,SE(x-1)(y-1) +BZS*I*(’;Z - 1)(y - 1) +ﬁ35*0*(? - 1)(y - 1)



156 iR R (HARRRARRD (FR9E30) 562 %

+pR*(“’ - l)(y ~ 1)+ FlobE*(y - 1)(z - 1)+ Fo(l - b)E*(y - 1)(y - 1)
y z v
V4 . Z | U
+ szql*( - 1)(v - 1)+ (1 —p)ql*( - 1)(w - 1)+ yc*( - 1)(w -1)
v w w
oA - BT S CpR Y+ pR — FoobE Y+ FobE - Fyo(1 - b)EY
X y y y V4 v
+ Fo(1 - b)E" - F2pq1*§ + Fyopgl” — (1 —p)ql*% +(1-p)gl" - 'yC*% +yC’
+x(=A+BS T +BSC )+ w[pR = (1= p)gl” = yC'].

AT B PR AT AP K
(i) M4B,S°C* - F,pql* > ORF,

dv, _ (A -B,ST —,835*(}*)(2 —x - 1) +B25*l*(3 L y)
dt x x 0y oz
+(B:S°C - szql*)(3 NENE y) +(1-p)gl (3 A z)
x y v z  w
g W _ Y _ v __w_¥y_Z
+yC (3 )+F2pql (4 y . 11)
(ii) 4B,S°C" - F,pql" < Of},
Ve oA -gsT —,335*0*)(2 —x - 1) +st*1*(3 N, - y)
dt x Xy oz

+(F2pql*—ﬁSS*C*)(4_y_z_”_w)+(1 —p)ql*(3 _w_y_z)

y ¥

+ Fo(l —b)E*(3 —w—y—”)+335*c*(4_1__y_)'
v w X

*ﬁﬁ%ﬂi%@{ﬂ%ﬁ@%ﬁ%%%ﬁﬁa@o 2 k. R Lyapunov B e B &1, 4R, >
VHE, AR (1) (7955 A A P 4 SR I R
5 BUEFEAL

Har, WEIFREAETENA M THLXE, B T REREFEGR . AT, A A 2t e dm
FEIR B AT BUE AL, T T 2 o JLAE A8 1 TR B9 190 B8O X 58 S 80T T 8UBME b, MR P HE S
FIBAE AL 25 G4 H T #2060 79 BF Y O m o RS e vl T 9 i T B 42 o) wP o0 AR B0 A B8, 75 2B P 48 2004—
2017 51958 K PE IR BB (= 1 AE 2) .

F 1 BEFEA 2004—2017 4455 A 18 P9 I 191 4

Table 1 Number of new chronic patients reported in Shaanxi Province from 2004 to 2017

G0 2004 2005 2006 2007 2008 2009 2010
NE 1586 1873 2384 2736 2389 2 666 2955
A 2011 2012 2013 2014 2015 2016 2017
NEL 3376 4187 4353 4782 5034 5310 5634

BEVE 4 2004 AE 0 NI 220 36 581 022 A, ki S(0) = 36 581 022 . K& T BEE I iy &t , n]
DL BV 4 2004 45 N H A %58 0.010 59, [HZRFET- %4 0.006 33, # A = 36581022 x 0.01059 ~
387393 . it Bt TAE A SUGEFRNF AR IIE 2 A 2 6 D H A, SF¥240 A, W o = 6. 3@ Xk
P94 2004—2017 4F B8P 9 0 15k (181 3) , A TR U5 (B 4) , Kb 2 8o . B, B,. pSHIMH TE
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Fig.2 Number of new chronic hepatitis C patients in Shaanxi Province from 2004 to 2017
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Fig.3 Cumulative number of chronic hepatitis C patients in Shaanxi Province from 2004 to 2017
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Fig. 4 Comparison between the cumulative number

of chronic hepatitis C patients and the fitting data
of the model from 2004 to 2017
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Table 2 The parameter values of the model
280 &L EEEE
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