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Formulation of a Mathematical Model for Transmission and Control of Zika Virus
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ABSTRACT: We formulated a mathematical model for the transmission and control of zika virus fever dynamics,
incorporating controls; and mosquito bite, sexual contact, vertical transmission blood transfusion as medium of
transmissions. Based on our previous findings that the model is mathematically well posed for analysis, the state variables
at the endemic state are expressed in terms of parameters and forces of infection, substitution and simplifying led to a
polynomial. Invoking Descartes sign rule of polynomial confirmed the existence of a unique endemic equilibrium point

of the model if and only if the effective reproduction number is greater than one ( Re >1 ).
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Zika virus derives its name from zika forest in Uganda

where it was first discovered in monkey in 1947, in a MATERIALS AND METHODS
female 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 female compartment (S;), Exposed female
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 compartment (111 ), Asymptomatic female
mosquito bite, sexual contact, vertical transmission

and blood transfusion (ECDC, 2016). (Funk et al, ~ compartment (/,,) and the Removed female
2016) worked on comparative analysis of Zika and compartment (R)). The male population (N, ) is
Dengue by setting the viruses. (Kucharski et al, 2016) .. .. . . . .
worked on the outbreaks of zika in French Polynesia smnlgrly partitioned into Sl,lb —populatllons. as given in
between 2013 and 2014. Gao e al., (2016) and equation (15); and mosquito population is split into
Augusto et al., (2017) modeled zika virus as mosquito ~ mosquitoes without zika virus (S ) and mosquitoes
borne and sexually transmitted disease. The aim of this
paper is to establish the condition for the existence of
the endemic state and also determine the number of the
endemic points of our improved model equations.

Total female population ( V) is split into: Susceptible

compartment (E), Symptomatic female

with zika virus (15) as in (14).

MODEL EQUATIONS
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dl
d;z =0,L,E - (N, + )1, “
dR
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Fig 1 Model graph
ds S 1 1
-= A3 - 73(0’; ¢11111 + 0!32¢12112 + 05321¢21121 + 0!322¢22122) - (au3 + 5)53 (6)

dt N,

dl S
7; = ﬁ (0!§1¢11]11 + 0!;2¢12112 + a321¢21[21 + 0{322¢)22122) - (:us + 5)53 )
3

ds S
7; = ezszz - VZ{“2¢313 + a11¢11111(1_ec Tc) + a12¢12112(1_ €. TL-)} _:Uzsz ®)
2
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dl
21
dr =0,E, = (Vo + 1)1, (10)
dl
22 _
d =0nE, = (Vo + 1)1, (11)
dRZ —
? =1~ 2 )Az + 72E2 + 721[21 + 722122 _:quz (12)
N =8 +E+I,+1,+R (13)
N, =8, +1, (14)
N,=S8,+E,+1, +1,,+R, (15)
Table 1: Parameters of the Model
Parameter Description
Al Number of recruitment into female population
o, Proportion of births without microcephaly into female population
(1-w) Proportion of female births with microcephaly
91 Proportion of susceptible female births without microcephaly
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(1_6])

M,

29
(I-e,7,)

Proportion of exposed female births without Microcephaly
Natural death rate of females

Number of recruitment into male population

Proportion of births without microcephaly into male population
Proportion of male births with microcephaly

Proportion of susceptible female births without microcephaly

Proportion of exposed female births without Microcephaly

Natural death rate of males

Number of recruitment into the population of mosquitoes without zika virus
Natural death rate of mosquitoes

Death rate of mosquitoes due to insecticides
Transmission rate of infection through mosquito bite to the susceptible females

Transmission rate of infection through mosquito bite to the susceptible males

Transmission rate of infection through sex from symptomatic infectious males to susceptible females

Transmission rate of infection through sex from asymptomatic infectious males to susceptible females
Transmission rate of infection through sex from symptomatic infectious females to susceptible males

Transmission rate of infection through sex from symptomatic infectious females to susceptible males

Transmission rate of virus from symptomatic infectious females to mosquitoes without virus through mosquito bite
Transmission rate of virus from asymptomatic infectious females to mosquitoes without virus through mosquitoes bite
Transmission rate of virus from symptomatic infectious males to mosquitoes without virus through mosquito bite
Transmission rate of virus from asymptomatic infectious males to mosquitoes without virus through mosquito bite
Progression rate of exposed females to the symptomatic infectious compartment

Progression rate of exposed females to the asymptomatic infectious compartment

Progression rate of exposed males to the symptomatic infectious compartment

Progression rate of exposed males to the asymptomatic infectious compartment

Rate of recovery from the compartment of exposed females to the removed compartment

Rate of recovery from the compartment of exposed males to the removed compartment

Rate of recovery from the compartment of symptomatic, infectious, females to the removed compartment

Rate of recovery from the compartment of asymptomatic, infectious, females to the removed compartment

Rate of recovery from the compartment of symptomatic, infectious, males to the removed compartment

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
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

Reflects the impact of condom usage which is enhanced by public campaign (efficacy and compliance) on sexual
transmission where () <e T, < 1

RESULTS AND DISCUSION

Theorem 1: The Zika transmission model (1) — (12) has endemic equilibrium point if Re >1.

Proof

*k k% k% *k k% *k Kk *k *k *k *kk *k . . .
e, =(S LE I, .1, R .S, .1, .S, ,E, I,/ ,1,, ,R,")isassumed to be the endemic point

of (2) — (12) then the respective compartments are expressed in terms of parameters and forces of infection,
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5" = G, (16)
Ny + 1
E" = Nz (*1*_ ) WAL a7
ki (A, + 1)
s 611(‘)1/\177/7“1L1*>k +(1-6)0,0A 1
L, = (18)
kik, (77/111 + 1)
s 612(‘)1/\177/11L1*>k +A-6)0,0A 4
I = (19)
kik, (77/?71 + 1)
R* = (kyky 1y + k371100, + k27120-12){a)1A1772’H** +(1=-6)aAu} (20)
1 kikks (77/?71** +14)
. A
S = 2 21
3 23** + k4 ( )
[3** - % (22)
k, (A4, +k,)
= 9260222 @3)
(1 - 77)/111 T4,
E" = oA, (1-mA,~ + (i— 6,) 0\ 14, (24)
k5 [(1 - 77)2'1-1 + ,uz]
o Gzlszz (- 77)/771** +(1- 92 )621(()2A2,Ll2
L, = = (25)
kSkG [d- 77)/?71 + 4, ]
o O-zzszz (- 77)/771** +(1- 92 )O-zzszzﬂz
122 - sk (26)
k5k7 [d- 77)/111 + luz]
R = (ke ¥ +k; 72105, + ke V20 ) { @, A, (1 - 77)/111** +(1-6,)o,A 1, } 27)
2 - ok
k5k6k7 [d- 77)/111 + luz]
;LH** _ 18813** + 182121** + :53122: + 189111%k + :510]12%k (30)
Ny
23** _ 184111** + :55112** +*1*86121** + :57122** G1)

N,
/IH represents the force of infection from mosquitoes and infectious humans to susceptible
humans. ﬂ; " is the force of transmitting virus from infected humans to the vectors.
Substitute for 1, , 1, ,
i=1,2,...14 , equations (30) and (31) become
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Formulation of a Mathematical Model for Transmission..... 1619

i s #ok
_ at, +a,A, +aA,; +a,

AS** w33 w2 sk (32)
a A, +ad, +a,ld,; +ag
w32 sk
A= a, Ay, +a,h,; +a, 33)

‘112/1;:1*2 +a,d, +a,
a, = kkk;k;kkk, N, (1—17) (34)
{kkokk kb N [ =1 + 1 ) — ko ko, a Ay (L=, B, + ko B.03,) =

a,= (35)

kikskgk,aa, 1=k, 3,0, —k,B,01)}
{kko sk kskke, Ny ity — kb ek; A [(1—=1) 4+ (=6, s )k, B,0, + Ko B,05,) —

a,= (36)
k;kskee, @A [(1=1) (A=) 14 +1 ) s .07, + o 3407, }

a, =k, sk k k@A, (1-8,)(k,N;; 8,0y, +k fi0) + sk @A 1=k B0y, +k,B,0,)]  (BT)
a5 = —kk,k.k kk kN (1-n)n (38)

{k1k2k3 (1 - 77)77[k5k6k7 (,@ + 188 )A3 + k4 a)zAz (1 - U)U(k71820-21 + k61330-22 )] +

a, = (39)
kkskok, @A, (I—mn(k, B,0,, +k,B,0:,) —kkkk kkk,N, (A= +11}
10.
(kb {ksksde, (5 + BN A=1Dt4 4716 1+ k@A (=14 +1X0 =) )k B0y, +k B.030) )+
(40)

a,=
ke @ [(A—QXA=17) 4+ ) B 5, +heo o0 )~k s Ny s}

s =t ko skl (B + BN +k, A, (-6 ke, 5.0, +h B0 I +k ks g\ A=k oy +hfyop ) (A1)

ay = (L=mnlkskek, oA, (k3,340'11 + kzﬁso-u) +kk,ksw, A, (k7ﬁ60-21 + k6ﬁ7o-22 )] (42)

o =hskefo @ [(A=E)A=1D 4 +116 18,0,y +ho o0 +hk KA (A= id +1X1=6)11 )k 0, 4k 30,) - (43)

a, =i, {k5k6k7(qu a- 61)(](3:340-11 + kzﬁso-n) + klkzl%@Az - 92)(](71660-21 + k61670-22)} (44)

ay, =k kkskk, Ny (1=, ay; = kkokokskoe, Ny [(=1) a4+ 1, 0y, = ko ekskh, Ny i, (45)
Equating equations (30) and (31) and simplifying the result gives

((a,a,, — asa) A" +[(a,a,, + aya,,) — (asay, + aga)Ay +[(a,a,, + a,a,; + a,a,,) — (asa,, + aga,, + a,a,)12;" +
=0

[(a,a,, + asa,, +a,a,,) — (a,a,, + a,a,, + a,a,)1AL" +[(a,a,, + a,a,,) - (a,a,, + a,a,)A, + (a,a,, —aza,,)}
= b A+ A AT b A + B AT +b, =0 (46)
= b, >0,b,>0,b,>0,b, >0and b, >0.
= by=a—-b<c(1-R,)—b<0ifandonly if R, >1
= b AT +b A +b AT +b, AT +b AT +[c(1-R)—b]=0 . @7
QED

Conclusion: Invoking Descartes rule of signs to of the polynomial is equal the number of variation in
polynomial, states that if given a polynomial with real sign of the polynomial (number of sign changes) or
coefficients then the number of positive roots or zeros less than this by an even number. Applying the above
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rule of signs to the polynomial (47) shows that there is
only one sign change. Hence the system (1) — (12) has
a unique endemic equilibrium point, which is a
confirmation of the existence of endemic state of the
system (1) — (12).
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