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Abstract:

We give the overview of the dynamics of the transmission and control of zika virus fever in the paper. Four mediums of
transmission and control are incorporated into the formulated mathematical model of the virus dynamics. The effective
reproduction number is obtained from the model equations. The local stability of disease free equilibrium point of the
model is analyzed using reduced, linearized Jacobian matrix if the effective reproduction number is less than one and the
global stability is also analyzed using the constructed Lyapunov function if the effective reproduction number is less or
equal to one. The epidemiological implication of the analysis shows that zika virus fever can be controlled.
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1. Introduction

Zika virus derives its name from zika forest in Uganda where it was first discovered in monkeyin 1947, in a female
Aedes mosquito in 1948 and in human in 1952; the infection caused by zika virus is called zika virus fever which does not kill
but is linked with Microcephaly and Neurological anomalies (WHO, 2016). Zika virus lives longer in the semen than in the
blood or virginal fluid (CDC, 2016). The virus is transmitted through mosquito bite, sexual contact, vertical transmission and
blood transfusion (ECDC, 2016). (Funk et.al.,, 2016) worked on comparative analysis of Zika and Dengue by setting the viruses.
(Kucharski et.al., 2016) worked on the outbreaks of zika in French Polynesia between 2013 and 2014. Gao etal., (2016) and
Augusto etal., (2017) modeled zika virus as mosquito borne and sexually transmitted disease. We computed effective
reproduction number using next generation matrix and establish the condition for the local asymptotical stability and global
asymptotical stability of the disease free equilibrium pointof our improved model equations as the aim of this paper.

2. Materials and Methods

Total female population ( N, ) is split into: Susceptible female compartment (S, ), Exposed female compartment ( E;
), Symptomatic female compartment ( 1, ), Asymptomatic female compartment ( 1,,) and the Removed female compartment (
R,). The male population (N, ) is similarly partitioned into sub —populations as given in equation (15); and mosquito

population is split into mosquitoes without zika virus (S, ) and mosquitoes with zika virus (1) asin (14).
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Figure 1: Model Graph

2.1. Model Equations
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dl
diz =0,E, = (7 + 11,)1,,
dR,
T =(L=@,) Ay +7,E, + ¥l + Va0l — 1,R,

N, =S, +E, +1,+1,+R;

N,=S,+1,

N2:82+E2+I21+I22+R2_

(11)

(12)

(13)

Parameter Description
A Number of recruitment into female population
1
) Proportion of births without microcephaly into female
! population
(1- wl) Proportion of female births with microcephaly
0, Proportion of susceptible female births without microcephaly
(1- 91) Proportion of exposed female births without
Microcephaly
1 Natural death rate of females
A, Number of recruitment into male population
o, Proportion of births without microcephaly into male population
(1- (02) Proportion of male births with microcephaly
0, Proportion of susceptible female births without microcephaly
(1-6,) Proportion of exposed female births without
2 Microcephaly
1, Natural death rate of males
A Number of recruitment into the population of
§ mosquitoes without zika virus
s Natural death rate of mosquitoes
S Death rate of mosquitoes due to insecticides
a Transmission rate of infection through mosquito bite to the
susceptible females
a, Transmission rate of infection through mosquito bite to the
susceptible males
a Transmission rate of infection through sex from symptomatic
2 infectious males to susceptible females
a,, Transmission rate of infection through sex from asymptomatic
infectious males to susceptible females
a, Transmission rate of infection through sex from symptomatic
infectious females to susceptible males
a, Transmission rate of infection through sex from symptomatic
infectious females to susceptible males
alt Transmission rate of virus from symptomatic infectious females
3 to mosquitoes without virus through mosquito bite
al? Transmission rate of virus from asymptomatic infectious
3 females to mosquitoes without virus through mosquitoes bite
at Transmission rate of virus from symptomatic infectious males to
3 mosquitoes without virus through mosquito bite
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Parameter Description
05;2 Transmission rate of virus from asymptomatic infectious males
to mosquitoes without virus through mosquito bite
o Progression rate of exposed females to the symptomatic
infectious compartment
oy, Progression rate of exposed females to the asymptomatic
infectious compartment
o Progression rate of exposed males to the symptomatic infectious
compartment
o Progression rate of exposed males to the asymptomatic
infectious compartment
7 Rate of recovery from the compartment of exposed females to
the removed compartment
7, Rate of recovery from the compartment of exposed males to the
removed compartment
Vi Rate of recovery from the compartment of symptomatic,
infectious, females to the removed compartment
Yir Rate_of recovery from the compartment of asymptomatic,
infectious, females to the removed compartment
Vor Rate of recovery from the compartment of symptomatic,
infectious, males to the removed compartment
V2 Rate of recovery from the compartment of asymptomatic,
infectious, males to the removed compartment
¢, Is measuring the reduction in effectiveness of mosquito activities
in transmitting virus by creating non conducive environment for
the mosquitoes through the use of air conditioner
¢, Is measuring the reduction in effectiveness of sexual
transmission through adherence to the preventive instructions
., Is measuring the reduction in effectiveness of sexual
transmission through adherence to the preventive instructions
b,y Is measuring the reduction in effectivenes_s of_sexual _
transmission through adherence to the preventive instructions
b, Is measuring the reduction in effectivenes_s of_sexual _
transmission through adherence to the preventive instructions
(-e.7,) Reflects the impact of condom usage which is enhanced by
public campaign (efficacy and compliance) on sexual
L O<e.,r.<1
transmission where cre

2.2. Model Reformation

Table 1: Parameters of the Model

To reform the model we substitute the following substitutes from (14) into the system (1) - (12)

B =y, By = oy (=€, 7.), By =y, (1= €. 7.), By = O£311¢11, Bs = a§2¢1z! Ke =701+ 1

Bs = a§l¢21’ B, = a§2¢22’ Bs = a5, By = andy (1= €. 7.), By = a,d, (1€, 7). K, =7 + 11, 14)

Ky =y, +0y 0, + 1, Ky =y + g, Ky =y, + Ky =, +0,K =y, + 0y + 0 + 1y

2.3. Effective Reproduction Number (R,)

Applying next generation matrix operator to compute the effective reproduction number as it was applied by
Diekman etal., (1990) and improved by Driessche(2002). The effective reproduction number is the basic reproduction
number in Which control parameters are incorporated into the model equations. The basic reproduction number is the largest

spectral radius of FV ™

-t FF@O)HW (eo)r
OX; OX;

(27)
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0 0 0 G p, 0 b p, 6op;
K, Ke k,
0 0 0 0 0 0 0
0 0 0 0 0 0 0
EVL=|0 ezcl‘()zﬁg ezalizﬁlo QZT()ZﬁS 0 0 0 (28)
2 3 4
o B B o o A B
K, K, Ke k,
0 0 0 0 0 0 0
0 0 0 0 0 0 0
[Fv-a1]=0 impliesRe:% (29)

4
Equation (29) gives the effective reproduction number of the reformed model equations.

3. Results and Discussion

3.1 Local Stability of Disease-Free Equilibrium Point (&)

e Theorem 1: The disease-free equilibrium point of the (1) — (12) is locally asymptotically stable if Re <lor unstable if

R, >1Proof

Y 0 0 0 0 -B O 0 -8, -B O
0 -k O 0 0 0 B 0 0 B, B 0
0 o, -k 0 0 0 0 0 0 0 0 0
0 o, 0 -k O 0 0 0 0 0 0 0
O n rmu 72 —m 0 0 0 0 0 0 0

J (80) _ 0 0 -B, _ﬁs 0 _k4 0 0 0 _ﬁe -5 0 (30)

0 0 ﬁ4 ﬂs 0 0 _k4 0 0 ﬁe ﬁ7 0
0 0 B b O 0 By -, O 0 0 0
0 0 B By 0 0 5 0 -k O 0 0
0 0 0 0 0 0 0 0 o, -k O 0
0 0 0 0 0 0 0 0O o, 0 -k, O
0 0 0 0 0 0 0 0 7 7ra T2 M

Using Gauss Jordan elimination approach, (30) implies the characteristics equation, and we obtain the respective eigenvalues:
Ay =—p, <0, 4, ==k < 0,1, =—kk, <0,4, = —kk; <0, A = =k K,k pt, <0, A5 =k, <0, 4, = k K k;K,Ksks —k K,k K K:k,

A7 ==k koK, + K3 B88,01, + K, B Bs0 15, Ag = — 1y <0, 29 = =K K KoK K <0, 4, — KK K K, Ks 1.k, — KiK KoK Ksy,, <0 (31)

Ao = —K K KoK, KeKg — KoK, B, 83011051 — Ky By Ba B BroT120 21 — KiKoKs Bs B0 o1 + Ko 5284850110 31 + Ky B B BroC 120 1
My Ags2gy 2y A5y Ay A0 Agy Ay are negative real numbers. If A, <0 = -kk,kXk, +k,5,8,0,, +K, 8,50, <0, =
—KsKskoKy +K; Bo 5051 + Ke By B0, <0
= K, B350, + Ks B B0, < Ksksk,K,
0,0, K7 8501+ Ks 102 <1=>R. - K7 Bs0 21 + Ks B:05,
K, Ksksk, 0,0, i ksksk,0,0,

<lifandonlyifR, <1. (32)
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If A, <Othen  —KkkkKkk; —kK,3,8,010, —K BB BB —KkKBiBiom +K B B, 0110 +Ko B BsfBy0r00, <O (33)

Comparing  —ksK,/3,5,01,0,; and KsBoBaBs011021, Ky > B, implies  —KiK, 3, 5y01,05; +K; 3,8, 856110, <0
(34)

Comparing —k;K,K;K,KsKs and k, B, 85 81001,0 4, , K > B, ks > B, K, > B, ks > 01,k >0,

= —kK Kok Kskg + K, B, B5 B1001,01 < 0 (35)

Hence, (33), (34) and (35) show that A, < 0.

K
Ay = KK KK, KK, —k K, K K, k-k, <O, impliesks <Kk, impliesk—6 <lifandonlyif k; >k, thatis4, <0
7
Therefore, the model system (1) - (12) is locally asymptotically stable (LAS) at DFE if and only if R, <1. The epidemiological

implication is that the outbreak can be controlled if R, <1

3.2. Global Stability Analysis of Disease-Free Equilibrium Point
e Theorem 2

The model equations (1) — (12) is globally asymptotically stable at DFE if R, <1
To construct Lyapunov function, we substitute for the forces of infection in the model equations.

k k k k
Constructed Lyapunov functionis V = 6,0,(E, + 1, + E,)+ 21, +—2 1, +—21,,+—%1,, (36)

2 3 6 7
The derivative of the function implies =V <k, (1, + 1, + 1, + 1, + 1,,)(4A,.R, —1)

=V <0,ifandonlyif, R, <1, and equality is achieved at |, = , = lL=1,=1,=0.
Therefore, invoking La Salle’s invariance principle on the derivative of the Lyapunov function shows that the system (1) — (12)
is globally asymptotically stable at the DFE if R, <1

4. Conclusion
With reference to the control measures incorporated into the model equations, the epidemiological implication of
Local Asymptotical Stability (LAS) Analysis and Global Asymptotical Stability (GAS) Analysis of the system (1) — (12) at the

disease free equilibrium point (&,) show that the outbreak of zika virus fever can be controlled locally if and only if Re <1

and globally ifand only if R, <1.
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