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ABSTRACT:The Zika virus is a flavivirus which upon infection in humans causes an illness known as Zika fever. It
is commonly identified by popular rash, mild fever and arthritis. The Zika virus (ZIKV) was first identified and isolated
from the Zika forest in Uganda in 1947. This paper focuses on human recovery from treatment and death of mosquitoes
from insecticides in order to reduce the spread of the virus. This shows that the ZIKV is endemic in a population when
the illness exists and is a threat to a population if there is no control. Therefore, the model formulated is unique for analysis.
The result of this study shows that the treatment technique without insecticides has no significant reduction in the infected
vectors and hosts. The stability of the disease shows stable with R, > 1. Finally, the best option is to use an insecticide to
reduce the spread of the virus on both infected hosts and vectors.
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Zika virus ZIKV is a mosquito-borne flavivirus
disease that was first identified in monkeys in Uganda
in 1947 through a network that monitored yellow
fever. It was later identified in humans in 1952 in
Uganda and Tanzania. The outbreaks of Zika virus
disease has been recorded in Africa, America, Asia
and the Pacific. From the 1960s to 1980s, human
infections were found across Africa and Asia,
typically accompanied by mild illness (Dick, 1952).
The first large outbreak of disease caused by Zika
infection was reported from the Island of Yap
(Federated States of Micronesia) in 2007. In July
2015, Brazil reported an association between Zika
Virus infection and Guillain-Barré syndrome. In
October 2015, Brazil reported an association between
Zika Virus infection and microcephaly (WHO, 2016).
Zika Virus is primarily transmitted to people through
the bite of an infected mosquito from the Aedes genus,
mainly Aedes egypti in tropical regions. Aedes
mosquitoes usually bite during the day, peaking during
early morning and late afternoon/evening. This is the
same mosquito that transmits dengue, chikungunya
and yellow fever. Sexual transmission of Zika Virus is
also possible. Other modes of transmissions such as
blood transfusion are being investigated (Musso,
2015). The incubation period of Zika Virus disease is
not clear but is likely to be a few days. The symptoms
are similar to other infections such as dengue, fever,
skin rashes, conjunctivitis, muscle and joint pain,
malaise, and headache. These symptoms are usually
mild and last for 2-7 days (WHO, 2016).
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ZIKV was first isolated in 1947 from a febrile sentinel
rhesus monkey in the Zika forest, a research station of
the East African Virus Research Institute now Uganda
Virus Research Institute in Entebbe, Uganda (Dick,
1952a, Dick and Haddow 1952b). The virus was
isolated subsequently from Aedes Africanus
mosquitoes in the same forest (Dick, 1952, McCrae
and Kirya, 1982). The multiple monkey species in the
Zika forest were found to be seropositive for ZIKV
(McCrae and Kirya, 1982). Small mammals in the
Zika forest including squirrels, tree rats, giant pouched
ratsand civets did not show serological evidence of
ZIKV infection, consistent with a model where
primates (both humans and monkeys) are the primary
vertebrate hosts for ZIKV (Haddow et al., 1964).
Multiple species of Aedes mosquitoes contribute to
enzootic maintenance of ZIKV, but likely only a
subset of these transmits the virus to humans (Diagne,
etal, 2015, Diallo et al., 2014). In the case of the West
African Ebola outbreak of 2014 to present, rapid
communication, adoption of effective outbreak tracing
and control measures and cultural changes reduced
transmission to the point that vaccine trial efficacy
endpoints could not be met. Yap Island in Micronesia,
the overall attack rate observed for confirmed and
probable Zika Virus disease among patients presenting
to health care facilities was 14.6 per 1000 Yap
residents range of 3.6 to 21.5 per 1000 population.
During what appears to have been a four-month, self-
limited outbreak, it is estimated that 73% of Yap
residents (3 years of age or older) were infected with a
Zika Virus strain hypothesized to have been brought
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to the island by an imported non-human primate
(Musso, et al., 2014). This suggests that, with the
current Zika outbreak, the virus may spread so
efficiently that by the time a vaccine becomes
available to test in human clinical trials and identifying
large naive at risk, population may be an obstacle to
demonstrating efficacy.

ZikaVirus evolution and spread is constrained by both
human and insect hosts, and this creates an opportunity
to develop countermeasure strategies focusing on
either or both. The interaction between pathogen and
host biology will impact the incidence, prevalence and
eventual distribution of the virus. As Zika adapts to
new niches in the Americas, the roles played by
humans and non-human primates, other animals and
arthropods as primary and intermediate hosts must be
understood. Factors which will influence the rate of
spread include availability of vector species,
temperature and humidity available to support
transmissibility, and high mosquito to human contact
rates. It is similar to dengue and chikungunya, Aedes
egypti and albopictus appear to be the leading
candidate Zika vectors in the outbreak. Potential
involvements of other insect vectors including Culex
Sp. mosquitoes are currently being examined
(Mlakaret al., 2016, Oliveira, et al., 2016). In the
outbreak on Yap Island, 12 mosquito species
belonging to four generation were identified as
potential vectors and hensilli. Farmer was the
predominant vector species (Musso, ef al., 2014). The
symptoms are similar to other infections such as
dengue, fever, skin rashes, conjunctivitis, muscle and
joint pain, malaise and headache. These symptoms are
usually mild and last for 2-7 days. The recent ZIKV
incidence in Brazil and French Polynesia possibly
compels World Health Organization WHO to declare
a Public Health Emergency of International Concern
in response to the clusters of microcephaly and other
neurological disorders. Apart from the major outbreak
in French Polynesia, ZIKV incident shows 42
Guillain-Barre syndrome cases between March 2014
and May 2015 in the same region and severe brain
lesions were reported (Ebenezer and Kazeem, 2016).
The current outbreak of ZIKV in Cape Verde is
showing that ZIKV is now returning to its place of
origin. The presence of Aedes mosquito species in
Africa which has caused several outbreaks of dengue
fever in Africa including the 2007 outbreak in Gabon,
2010 outbreak in Kenya and 2013 outbreak in the
United Republic of Tanzania suggest the possibility of
re-emergence of ZIKV in Africa. The potential
transmission of ZIKV to human beings is evident.
While ZIKV is currently endemic in some parts of the
world, a little is known by many people in Africa.
Little or no effort is being made to understand the
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dynamics of ZIKV infection to human, the modes of
transmission and possible ways of prevention or
control mechanisms. That is to say, the disease has
been neglected in Africa. Modelling the dynamics of
ZIKV will help bring awareness to people and have a
better understanding of the transmission dynamics of
ZIKV, the risk associated to the disease, and measures
to control the disease (Mpeshe, et al, 2017).
Consequently, at this time there were no recognized
vaccines or drugs to cure the ZIKV infection.

A lot of mathematical models have been built as tools
for investigating the dynamics transmission of
infectious diseases. Ebenezer and Kazeem (2016)
formulated a mathematical model for optimal control
strategy of Zika Virus to examine the effect of mass
treatment and insecticide, in order to minimize the
number of Zika infected hosts and vectors with
optimal cost of mass treatment and insecticide
applying Pontryagin’s maximum principle. The
simulation results were illustrating the population
dynamics with prevention and treatment as controls. In
their models, death due to infections was ignored and
all recruitment rates were susceptible. Gao, et al.,
(2016) built a mathematical model to investigate the
impact of mosquito-borne and sexual transmission on
the spread and control of ZIKV and standardized the
model to ZIKV contagion. They suggested that the
Prevention and the control efforts against ZIKV
should target both the mosquito-borne and sexual
transmission. Adams et al., (2017) developed a
mathematical model to simulate vector-borne
transmission for people and mosquitoes. The model
incorporated delays as a result of the intrinsic (human)
and extrinsic (vector) incubation periods. Onuorah et
al., (2016) developed a deterministic model for the
dynamics of Zika Virus. The model incorporated vital
dynamics for both the human and vector
compartments. Jiraporn (2017) formulated a
transmission model of Zika Virus between two
population, human and mosquito to find the steady
states of our equations. The standard dynamical
modelling method is used for analysis of model, a
disease free steady state and an endemic steady state.
Their model did not specify the actual dynamics of the
infectious disease. Mpeshe ezal.,(2017) developed a
mathematical model for the dynamics of Zika Virus

fever. Using sensitivity analysis to indicate that Ro =
7.03>1 is most sensitive to the natural death rate of
Aedes mosquitoes, and least sensitive to the recovery

rate of human. This means that increasing the natural
death rate of mosquitoes and the recovery rate of

human will reduce Ro and hence, control of the

disease is possible. Their result does not incorporate
the effect of Zika Virus fever (ZIKVF) in the society.
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Adamu  etal.(2017)developed a  deterministic
mathematical model of Zika virus using ordinary
differential equations with two control strategies:
treatment for humans and insecticide spray for
mosquitoes. Homotopy Perturbation Method (HPM)
was used to obtain the approximate solution of the
model. From their model, 59% effective
administration of insecticide spray proved effective
which showed a great reduction in the infected humans
as well as infected vector population.

Incubation period for the virus is suggested to be 3—12
days while the course of infection may extend up to 2—
7 days which is mostly self-limiting. Therefore, there
is need to develop a mathematical model to control the
spread of ZIKV. This study aims to develop and
analyze a model of non-linear ordinary differential
equations.

The aim of this paper is to develop a model for the
dynamics and control of Zika Virus in order to reduce
the spread of transmission among the public using
ordinary differential equations.

The Model Formulation: In this research work, the
instrument use to investigate the model formulated is
a deterministic method of ODE using MAPLE 18
software for analysis. Similarly, the model is an
extension of Adamu et al.,(2017). This model analyse
the basic reproduction number, endemic state and
global stability in order to reduce the threat in a
population and awareness. While Adamu et al., (2017)
developed a model from an existing model of
Ebenezer and Kazeem, (2016) and employed HPM to
analyse the error.

Model Description: In this paper, the population of
interest is divided into human host and vector.
Susceptible individuals are recruited into the

population by input rate A . When susceptible
individuals have contact(s) with some infected

vectors, the probability is ﬂh, but it did not make
infectious except with a proportion of infected vectors.
3, is the spread rate from mosquitoes to human while
Ais the probability of infectious human being

recovered, this means some individuals move to
recovered classdue to insecticide of vectors and

treatment host with rates O, and O, respectively.

Finally, f¢is the parameter that represents natural
death in each classes while S, represents susceptible

human, Sv is a susceptible vector, [, infectious

h

human, ]V infectious vectors, Rh is a recovered
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human, 44, natural death rate of human, £/, natural

death of vector, O

, represents death rate from

insecticide, O,

treatment (both are control strategies respectively),

represents recovery rate from

P, the spread rate from humans to mosquitoes, /3,
spread rate from mosquitoes to humans, A, is the
recruitment number of susceptible humans, A

recruitment number of susceptible vector, £, death

due to infectious, A probability of infectious humans
being recovered.

Humans
'\ﬂ ﬁ'r.svi"-: i
i 5.. 1;‘ /.I.. R’_
,US,-_, ﬂRJ;
A,
s ash |
l Mosquitoes l
LS, “,

The Model Transmission of a Zika Virus

The positions of ordinary differential equations related
to the exceeding model diagram are:

ds

Tth = Ah - /Lthh _ﬁhShlv (1)

dl,

; =BS,l, — (1, + iy + A+ 6,)1,(2)

dR
_h:(j“_{—é‘h)lh — R, 3)

dt

s, _ A= BS I, — (1, +0,)S, )
dt

dl

dt” =BS5S, —(u,+35)1, Q)

Positivity of Solution
Theorem 1 :Let the set

[8,(0)> 0,5, (0)>0,(Z,(0), R,(0),1,(0)>0)} € D

Then the solution set {Sh,]h,Rh,SV,IV}(l‘) of the

system of equations (1-5) is positive for all ¢ >0
(Cooke and Van Den Driessche, 1996).
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Proof: From the first equation (1), give Separating the variables and integrating we have;
dSh I.()> Bef(,uh+y0+/1+§h )t
=N = 4S8, = BSil, = =y, + B1,)S, W02 (12)

dt B=e¢f

6
(dg Using the initial condition # =0 =/, (0) > B
d_th =—( u, + ,Bh ]v)Sh Therefore,

@) —(ty,+ g +A+0, )t

Separating the variables and integrating we have; I, n=1 h (0)e " " 20 (13)

S, ()= A e_(ﬂh+ﬂh[ v)t Similarly, it can be verified that the rest of the

W7 (3) equations are positive for al

Where 4 = e 1>0gjnce @E R
Using the initial condition £ =0 = §,(0) > 4

Equilibrium States and Disease Free Equilibrium
(4B 1)e State: At disease free equilibrium any class that has
S, () =S,(0)e HpPpty >0 © infection will be considered as zero.

Therefore,

) Therefore, the disease free equilibrium is
From equation (2) A A

d] S :I R aS :I ):[_h’O’OD_V7O]
7;=ﬂh5hlv_(ﬂh+ﬂo+/1+5h)] 2—(yh+yo+ﬁi§,f§]hh YT M 4
e (10) Endemic Equilibrium State of the Model: The endemic
oy o equiulibrum state of our model equations (1-5 ) is
at Z =, + py +A+38,)1, given bellow:

(11

S' o (,!f:r- + L\-"-:r-)iﬂi. R (,!f_—_. + l,l'f.: + /‘. + L\-"-_-_.)iﬂk.:r- {15}

o (pt, + 8, ), — (e, + pty + A +38, ), +6,)

U+ GIN, — (U + Mo + A+ SN
1= (i + Fp gty — (U + My + A+ 51 + 60 (16)
! (i1, + i, + A+ 3S.)
Wty + )N~ + 1+ A+ SIA)
(46 (e + )1, =l + 1y + A+ 8N + 5)
§ (U, + 1, +A+0,) .
- :\. ! {1?}
R =
§ A
- TV
I, = ,&—_‘ (18)
(i +5,)
Wher_e
' A _ .
el — —— L [ + N, — G+ i + AT 8N
G B T T A e S
My T O )iy — Uy T My T A T 0 U T4 |+ o+ 5 | | (i, + 1, + A+35,) |

| A | (U, + Lty + A+ 8,)
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Basic Reproduction Number, R, : In a more complicated epidemic, the compute R used the next generation
operator approach by (Van Den Driessche, 2017)..From the system equation (1-5) we define

f, and v,

i

|:ﬂhSh]Vj| |:(/1h + 4y + A+, )Ihi|
and v, =
B,S,1, (w, +0,)1, (20)

i {af:(Eo)}{avxEo)}

8xj Exj
1 0 0 ﬁhSh (21)
2{0 ﬁhSh} (L + 14, + A+5,) _ (4, +3,)
ﬂVSV 0 0 1 ﬁVSV

(4, +6,) | |+, +1+56,)

Therefore, the basic reproduction number R, = p(F v )= spectra radius of F' v

Hence

R = \/(,Uv +0) (4 + 4, + A+ 6,)B8,5,8,S,
’ (luo + luh + ﬂ’ + 5}1)(#’/ + é‘V) (22)

A A
(/’lv + 51/)(/10 + ﬂh + ﬂ' + 5}1 )ﬁh [hj ﬂV (ILLVVJ (23)
h

h

R =
’ (o + ty + A +3,) (4, +,)

Global Stability of Disease Free Equilibrium State  Now, the DFE is denoted as
(DFE): Theorem 2: The disease free equilibrium state E° = ( X 0) (26)
is globally asymptotically stable if R, <1

Where

Proqf: To establish the globgl stability of d1sease-fre?e Xl* =( N° ,0) 27)
equilibrium, the two conditions (H1) and (H2) as in

(Okongo, 2015) must be satisfied for R, <1.The

model equations (1-5) are in the form of

dX, T
Lo F(X,L,X,) (24 | A — M,
% (X, X,)(24) dxX

Sl FX,0)=| 4R (28)
_ . _ t ,
_G(XlaXz)’G(Xlao)_O | "‘\‘—(JH,'FL\-‘J,)-ST_

Now, for the first condition, that is globally
asymptotically stable of X *1 , gives

dx,

Where X, = (ShO,RhO,SVO), X, = (]ho,[VO) with  Solving, gives

3 . A A _
the compartments of X, €l] ~denoting the Sho(t): e e 1t + ShO(O)e 724 (29
uninfected population and the compartments of M,

X, el : denoting the infected population
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R()=R(0)e ™
A, A _
S (1) =—L-"Le* +8, (0)e
H (1)
Clearly, from equation (22) gives

S'O+R (t)+S,°(t) > N°(t) as t > o,

regardless of the values o

(30)
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- 3, s )
i (;f +;f +A+3,) B.S, | e
| GBSy —(ty + ;)
_| g+ py+ A+ 5y) BuSi (33)
B Sy —(up = 6]

We need to show that (£, ) holds in the system (1 -
5)

0 0 0 .
.ile)itzerlfiie(ste)c(jii/iici:oflgit(if)il; e, IR RO G(‘Y'-“ijz‘iz_ G(‘Y'-“Ylj (34)
that is
G ; —(ﬂ:.+,u,i+f'-i+5,a) BiSy i L) (m+m+2+8)  BS: (L) 4
| B-S;- —(yp +6) NI ) LGSy —(p+ )\ I )
:if.o J'ST(SI'._SI')\:!{. *T;q\ ﬁ (S _S )I \" | G6)
B (S =5 0 01 7\ ges, -8, )

Since Sh* 2 S, and SV* =S, then

A
(7 20. Hence, (H,) and (H,) are satisfied.
Therefore the DFE state is locally asymptotically
stable provided R, <1.

Global Stability Analysis of Endemic Equilibrium
State (DFE): Theorem 3: The endemic equilibrium

point is globally asymptotically stable if R, >1

Proof: Now, consider the lyapunov function, L for
equations (1-5) as

L=D(S,—S,inS,)+D,(I, —I,inl,)+ Ds(R, —R,inR,) +D,(Sy — SpinSp) + D, (I, —Iinl,) (37)

Where,
D,,D,,D,,D, and Dy are positive constants

(4, +u+A+6,)1,

A, = (ﬂhIV* + 4, )Sh*a B =

,uR
» (A+0,) ="

h

*

)‘”R*m(i—g’ &y p.a-trydy

(38)

A

. . w,+0,)1,

Ay =(Bd, + 1y, +6,)S, . By :M

SV Ih
Differentiating lyapunov function w1th respect to time gives
9 ds, I d.T
=D(1-2 +D,(1-
- Sy df

I, d

'
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dr Sy I ,
e D(1- ‘:? M~y = 1,8, = BySil, ) + Dy (1- I WBST, =y + pto + A+ 5,1,
R .. S, G9)
+D;(1- R W(A+8)L, — Ry )+ D4(1—?)("“1- —BS T, — (4, + )5, )
L
I.-'
dL S, AN L+ g+ A+
L - D=2y (A, =, + BI)S, )+ Dyl -2y g, - LaT Mo AT O,
dr S, I\ S.I.
R' [, . . LR, | S N
+Dy(1-2) (+8)=22 [+D,A-T) (A ~(AL, + (4, +6.)S,) (40)
I." | (e, +S)I, |
5 ( 2 J_‘ A SI, )
dL S, . .
— =D BTy + ) Sy —(uy+ B,)S; )
dt Sh '
i & ™
’ s A+ 1 '_
+D1(1—I'—"':| (1 + 1 "‘ i i) _( + gy + A+ 6,1
T, STy sL )
R, [uR’ mR,) Sy . , (1)
+D, -2y B N b =2V Y (B, + py + 8,08, — (BT, + (1, +3,)S, )
R, | I, I, ) Sy '
« * ™
. i+ 0, )1, SN
+D;(1—IL) fr‘t ‘I.] I _(.-H1+51:|I1
: I, A 51,
dL
Therefore, — =0
dt
* * * * * dL
S, =S,.1,=1,,R,=R,,S,=S,,1,=1, andE<0 for S.1,R,S,,1,>0
Hence if R, >1 then, the model equation (1-5) has a unique endemic point which is globally asymptotically
stable.

Numerical Simulations: The numerical simulations
were carried out using the below table that described
the parameters, variables and source, with the help of
MAPLE 18 software.

DISCUSSION

The model formulated focuses on treatment human
and spray of insecticides on vectors to reduce the risk
of virus in the society. Insecticides on vectors should
also be put in place where the cases of suspected
individual are reported. The graph in Fig.1 shows 50%
effectively treatment for human in sixty days which
reduced the infectious when the rate of treatment on

human forced the virus to decrease. This can also be
observed from the graph in Fig 2 on infected vector
when the rate of spray insecticide on vectors is
effective. The infected mosquitoes will also decrease
which shows the importance of control strategies.

0, o

Moreover, when the rates of “# and ~v are either
increased or decreased the situation will change either
the virus to persist or die out in a community depend
of the control strategy employed. Finally, the graph in
Fig 3 shows the significance of control on recovered
class where individuals are all recovered at a very high
rate. This can be observed from the graph which shows
the effectiveness of the control strategies in sixty days.
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Table 1: Description on Variables, Parameters and their Sources

S/N Variable Value Source
1. Sh (t) 0.8 Mpeshe, et al., (2017)
> Sy, (1) 0
3. Ih (t) 0.2
4. IV (Z) 0.1
5. Rh (t) 0.2 Mpeshe, et al., (2017)
6. 0.5 Gao, et al., (2016)
B,
7. 0.4 Gao, et al., (2016)
B,
8. A 0.0033 Assumed
9. 0.5 Gao, et al., (2016)
Hoy
10. P 0.0027 Mpeshe, et al., (2017)
h
11. U 0.0714 Mpeshe, et al., (2017)
v
12. S 0.56 Assumed
v
13. S 0.05 Gao, et al., (2016)
h
14 A 0.0000001 Assumed
h
15. A 0.071 Gao, et al., (2016)
v
0.20 —
|— §,=0.01
0.19 -
018 8, =003
i |
g 017 s« 6,=00
i i
+ 0.16
W ‘
2 0.3 E
..E\‘ 0.144
[\
0131 1\,
- R I I I I I I
T \
Mg
My sy s s e gpen g mep s sy
] 10 20 30 40 50 60

tonelin deys

Fig. 1 Graph of infected humans against time with different rate of
human treatment

Conclusion: In this study, the population was divided
into susceptible, infected and recovered classes. A
model with two control strategies was developed one
for human and the other one for insecticide vectors.
The basic reproduction number is calculated to know
whether the disease will persist or die out with the help
of global stability and endemic state. Surveillance
strategy should put in place by the entire societal to
combat the disease at early stage. Taking into account,
prevention and quarantine was not incorporated due to
time limit for further study.
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Fig. 2 Graph of infected vectors against time with different rate of
insecticides on vectors
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Fig. 3 Graph of recovered humans against time with different rates
of humans treatment and recovered respectively
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