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%_}Ve present a time-dependent HBV epidemic model with-both prophylactic and
" therapeutic vaccination. This epidemic model is investigated for different classes of
’ ifectious diseases. Mathematical analyses are carried. out, that determines the
', positivity of solution and an optimal control approach is applied in order to find the
of 2. ést way to fight the disease. An optimal control strategy in the form of vaccination,
gl to minimize or eradicate of mother to child transmission, .is used. The study
3 oncluded that both prophylactic and therapeutic vaccina;tion is an efficient way to
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mﬁ:frgma ion of the liver caused by viruses, bacterial infections; or constant vulnerability to alcohol intake,
* tbemicals, such as those obtained in aerosol sprays and paintthinners [1]. Inflammation is the painful, red
“501t when tissues of the bodybecome wounded or infected. " Inflammation can cause organs not to work
ik Isoresult from an autoimmune disorder, in which the body wrongly sends disease-fighting cells to
this case, the liver [2]. The liver is located in the upper right-handside of the abdomen, mostly
¢ liver of an adult typically weighs close to threepounds [3]. No matter its cause, hepatitis decreases
'@qke_ life-preservingfunctions, including filtering fatal;infqgt'idus agents from the blood, storing blood
; q!t to usable energy forms, and producing many proteins necessary for life [4]. ' _
=sniization [S]has described Hepatitis B as a potentially life-threatening liver infectionof global importance.
tillion people worldwide are chronically affected with thisvirus, and more than 780,000 people die
mplexities associated with Hepatitis B.The infection 6ccurs .in'two phases. The first is an acute phase,
», doesn’t result inany ill-health symptoms. However, a few people may experience an acute illness
kswith symptoms including jaundice, extreme fatigue, . dark jurine, nausea, vomiting and abdominal
i dovelop acute liver failure, which can lead to death. Thes nd phase is a chronic carrierstate in which
S 12 M %Ltﬁé liver and may ultimately cause chronic liver insufficiency ‘livercirrhosis or primary liver cell cancer.
== wow o overt signs of ill-health, and they are usuallythe sourceof all new infections.. -

itical Model Formulation e w108 euiial

matical model to understand the transmission dynamics and prevalence of HBV. The model is
on 'the characteristics of HBV transmission and the: model [6]. Note that they proposed a seven
-] for the propagation of the epidemic model, a model with multiple transmission of the acute counsel,
& ‘tairier infection classes. It is observed that the immunity after recovery is not lifetime, while the
a after some time [7). Therefore, we divide the host population into eight epidemiological groups: the

B

ls to infection S; those latently infected E; uneducated acute infections I.; educated acute infections IE;
or; Treatment T and Vaccinated V. ‘ S
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The parameters used are deﬁned in Tablc 1
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| |nterpretation 1. - | Value Reference
| Birth rate — o012 8
| Natural mortality rate o 0.00693 (81
- | HBV related mortality rate . | 0007 9]
=¥ .- i f i N
Tmmsmon coctficient o cffective contact rate - =: [ 0.00131 (8]
fon of births without successful vaccination - | _ t <+ | 0—100 percent [10]
Average probability an individual fails to clear an acute mf tion 0.885 | nn
1 develops to carrier state .
X & Rate of movement from uncounsel acute to carrier 4 per year [71
2 per year 1M

-1 Rate of movement from counsel acute to carrier

0.025 peryear = | [7]
0 - 100 percent (7]

1 Rate of movement from carrier to immune

il actInT=y RETA SRR S—

‘@7 };Vaccination rate of susceptible

Rnu: of movement from uncounsel acute to counsel acute - % Hypothetical

{ Rate of therapeutic vaccination/treatment of uncounsel’ acute Hypothetical

| individuals . f Lo
i! Rate of therapeutic vaccination/treatment of counsel= acute Hypothetical
" & | individuals AN
: 3' Rate qf therapeutic treatment of chronic carrier individuals % i }-Iypothe_tical
. 1| Rate of movement from latent to acute 6 per year [7]
" | Reduced transmission rate 4 0.16 ‘ (7]
1| Rate of waning of vaccine-induced lmmumty 0.04 [12]
g«";(‘ 2! | Proportion of prenatallyinfected (carrier mothers) 0.11 (71

'pqgulahon N (t) can be obtained from .
229

e f of equations, the region.
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S'““hﬂ)’-l!canbesbomlhats>0 E>0 1,20,1,20,C20, T'20, ¥V 20,R20,, forall time t > 0. Hencg
solutions of the HBV model remain posmve for all non-negative initial conditions. :

3;:' Optimal Control Model
E;-=pm(l-vC+vu,C)+y/V4(;:;+ﬁ(!_+I,)+eﬁC+uzr;)S (3.1)

=(ﬁ(1.+1.)+8ﬂC)S-(ho+2cr)E (32)
dl T
=k (it +a)l, - “_M (33)
di. ey
Tr—aE (po+y,+a2)1 -z.w;-}r_ (34)
dc d

o = uwv(1- u,)C+q(;q,1 +y,1) (M,+y,+y,+a,)c (3.5)
' (3.6)
dT e

—=al +a,l, +a3C—(,uo+pr+7‘)T (3.7)

dt
(38)

d V

= = p(1-o)+7,8 - (4, +y/)’ | :
The problem is to minimize or eradlcate completely mother to child transmission and the cost control implication on
vaccination strategies employed. .+ ? : ‘

dR
= 7,C+y‘T+(1 q)(}f0

J(uu,)= j 45(1)+ Azc(:)+ 5 u,’ (t)+-—u§ () dt
Where, the rate of professional effort tha! the medlcal expatriate put in place in prevention or eradicate of mother to chilis .

transmission (4, ) and cost of controllmg the vaccmanon (14,).The total cost includes not only the consumption for chr,y»L

individual, but also the cost of organization, management, and cooperation, etc. Hence, the coefficients, A;, Ai, C,, and Ci:
are balancing cost factors due to scales and the importance of the four parts of the objective function above.
Using similar control vanables and objecnv?mnctlon (as in above) we find that the Hamnltoman takes the form;

H= A,S(:)+A,c(t)+ 5, (t)+—u§(t)+22,,f : (3.9)

i=|
=p,+20,z = ;lo-l-}’o'l'apzz '-ﬂo+7|+azsza="‘ﬂw"+l‘o+ﬂ1+7z+a3s Za=Hyt Ity 2= gyt K

H._Al.s'(:)+AZC(r)+ 2 (t)+-——u§(t)+;i,[ya)(l —vC+vuC)+yV (,uo+ﬂ(l +1, +£C)+y,uz)S]
+4,[(B(1,+1, +£C))S ZE]+/1,[0'E ~ZL 1A (0B -Z,L 1 A -nov(1-u4)C+q(rd, +111,)- ZCE

Gl

. i +afal, ral +a,C-Z T+ A [ p(1-0) + 70,8 - -z¥] (3. 10’%
2,--A, +A4 [+ (I, +1, +&C +73u2] AL +1+eCYh-rudy  (3.11) : :

=Z4-(h+a)e (3.12) f
A =PS(h=h)+ 24 -ards e (3.13)
A = BS(4-2)+ 2,4, -qn%_tg:ﬂe; (3.14)
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ﬂw"(l-u.)(& =)+ pova ~epS (4, - 2)+ 4, - a,&; (313)
(3.16)

. (3 17)
ality conditions - ! 4
'17( ;) 0 L by T {, is the end tune) Usmg the Hamiltonian, we ohml“ the
AL momt

1

o ,,1_, - ‘

7 Furthy insight into the influence of the control parameters on the behavnor d :
] the followmg Figures plotted with the aid [13].
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f ]!mz),byseuin801=l = 1

2 50 considering when u, = (ﬁda‘;zd uzoégo(g%m 3) and lookugg!at lj:c resulting scale for u;= 0.1 and uz = 0

S (2, 3, 4, 5). The four 105 show 1gure 5). The ny merical solution profiles which we obtained are

: : scenan ; g:t t;vo dmajor slgmﬁcﬁ_x.:lg iiiﬂ'e@ence, Figure 2 and 4, Figure 3 and 5,
€6 an 7. We own..tlsnis',céhan'ge lo.l.he control parameter u;, while the

1P ‘
iclusion y F g
Tanch; we proposed eight ' : 5 T I .
B Emother to child tf:ns ?:glgg:ra:!r)ﬁ:lndmodcls of Hepat_ltls B virus 'ipfeqtiqn with two controls; the prevention or

41 is obtained. Thus; we formulnlte cost of controlling the vac'cmation strategies employed (uz). The positivity
2 fesults establish e'd shisws ifiat Hm °Pt“1_ml con!rPI probl?m and .solved it using the Pontryagin’s maximum
£ mother is not & suficient iy e ort'put in place in subdmngfoq glimimﬁng the birth of carrier by prenatally -
B4 at regular int cient intervention to employ. However, three-dose vaccine administered to the newbomn
B B TeguAl i ch_al is an effective way of curbing the outbr;eak.’f.'l‘he' study concluded that Prophylactic and
-ination is an efficient way to curb the epidemic. s
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