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Abstracts	
	
This	 study	 aims	 to	 describe	 the	 transmission	 of	 the	 Zika	 virus	 a	mathematical	
model	that	was	introduced	by	Ding,	Tao,	and	Zhu	(2016).	Based	on	the	analysis,	
obtained	a	disease-free	equilibrium	point,	then	the	stability	is	seen	from	the	basic	
reproduction	number.	The	basic	reproduction	numbers	show	supporting	factors	
and	inhibitors	of	transmission	of	Zika	virus.	Then	looking	for	optimal	control,	the	
principle	is	to	control	transmission	of	the	Zika	virus	through	reducing	interactions	
between	 mosquitoes	 and	 humans,	 transmission	 from	 infected	 mosquitoes	 to	
susceptible	humans,	and	estimates	of	mosquito	deaths	by	being	given	insecticides.	
With	the	optimal	control	solution	obtained,	it	produces	a	strategy	to	prevent	and	
control	the	Zika	virus	and	does	not	incur	expensive	costs.	

			©2020	JNSMR	UIN	Walisongo.	All	rights	reserved.	
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1. Introduction	
Based	 on	 [1],	 [2]	 Zika	 virus	 is	 an	

outbreak	 of	 mosquitoes	 caused	 by	 the	 Zika	
virus,	which	was	first	discovered	in	the	study	
of	yellow	fever	in	1947	in	monkey	saliva.	This	
virus	 was	 first	 known	 to	 infect	 humans	 in	
Uganda	 and	 Tanzia	 in	 1952.	 Then	
extraordinary	events	appeared	in	Asia,	Africa,	
the	Western	Pacific	Region,	the	last	in	America	
and	was	first	reported	in	2007	in	the	Pacific.	

Zika	 virus	 is	 transmitted	 through	 the	
bite	 of	 the	 aedes	 mosquito	 which	 is	 also	
transmitted	by	dengue	fever,	cikungunya	and	
Yellow	 fever.	 In	 a	 poster	 issued	 [3]	 that	 the	
symptoms	of	people	with	this	disease	have	the	

same	symptoms	as	dengue	fever,	cikungunya	
and	 yellow	 fever,	 generally	 appear	 after	 2-3	
days	of	incubation	period	and	last	for	2-7	days.	
The	 symptoms	 of	 the	 disease	 have	 been	
explained	 by	 [1],	 [4]	 that	 the	 symptoms	 are	
accompanied	 by	 a	 rash,	 fever,	 conjunctivity,	
weakness	or	weakness,	headaches	and	others.	

During	 the	 extraordinary	 events	 in	
French	Polynesia	 in	2013-2014	there	was	an	
increase	in	cases	of	Guillaine	Barre	Syndrome	
(GBS)	and	other	neurological	disorders	known	
to	 be	 associated	 with	 the	 Zika	 virus.	 In	
addition,	 extraordinary	 events	 occurring	 in	
America	 have	 found	 a	 relationship	 between	
the	Zika	virus	and	neurological	disorders.		
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After	 it	 was	 found	 that	 there	 was	 a	
relationship	 between	 the	 increase	 in	 Zika	
virus	and	the	incidence	of	microcephalus	in	
newborns,	other	neurological	disorders,	and	
the	high	potential	for	spread,	on	February	1,	
2016	 the	WHO	 determined	 Zika	 virus	 as	 a	
warning	to	the	World	Health	Emergency	of	
International	 Concern	 (PHEIC),	 which	
means	the	problem	of	Zika	virus	is	a	global	
public	 health	 problem	 that	 requires	
international	cooperation	[1].	

The	many	interesting	studies	that	exist	
in	the	analysis	of	the	Zika	virus,	there	are	still	
puzzles	 and	 complex	 problems.	 Thus,	 this	
problem	is	an	important	problem	to	increase	
public	understanding	of	the	dynamics	of	Zika	
virus	transmission,	and	then	to	take	effective	
steps	to	eliminate	and	treat	this	disease.	

2. Experiments	Procedure	
Zika	 has	 been	 modeled	 by	 Chunxiao	

Ding,	 Nana	 Tao,	 and	 Yuanguo	 Zhu	 (2016).	
The	mathematical	model	of	this	problem	is	a	
method	to	overcome	the	transmission	of	the	
Zika	virus.	This	study,	a	mathematical	model	
developed	 to	 develop	 the	 dynamics	 of	
transmission	of	the	Zika	virus.	After	several	
analyzes	 were	 used,	 the	 researcher	 solved	
the	optimal	control	problem	to	find	effective	
steps	 and	 improvements	 for	 the	 Zika	 virus	
and	 inexpensive	 costs.	 The	 researchers	
concluded	 that	 there	 were	 three	 effective	
strategies	for	spreading	the	Zika	virus:	
a. Reducing	 direct	 interaction	 with	
mosquitoes	 using	 clothing,	 mosquito	
nets,	 curtains	 so	 that	 a	 person's	
endurance	improves.	

b. Reducing	the	level	of	transmission	from	
mosquitoes	 to	 humans	 by	 increasing	
endurance	(autoimmunity).	

c. Increase	 the	 mortality	 rate	 of	
mosquitoes	 by	 eradicating	 nests	 using	
insecticides.	

This	 study	 introduces	 an	 epidemic	
model	 that	 published	 the	dynamics	 of	 Zika	
virus	 transmission,	 calculates	 the	
equilibrium	 point	 and	 calculates	 basic	
reproduction	 numbers	 	 from	 the	 4-
dimensional	Zika	virus	model,	then	provides	
an	 optimal	 control	 system	 using	 the	
generated	Zika	virus	model,	finding	optimal	

controls,	 and	 finding	 the	 results	 from	 this	
study.	

3. Result	and	Discussion	

Model	Formulation	

Mathematical	 model	 of	 Zika	 virus	
transmission	involves	the	human	population	
and	mosquitoes.	The	total	human	population	
is	denoted	by	 ,	and	the	total	population	of	

mosquitoes	 is	 symbolized	 by 	 The	
human	population	divided	into	two	classes,	
namely	 susceptible	 individuals 	 and	

infected	individuals 	The	population	of	
mosquitoes	is	divided	into	2	classes,	namely	
susceptible	mosquitoes ,	 and	 infected	

mosquitoes 	
This	study	uses	 the	ODE	Mathematical	

Model	from	[4]	to	find	out	how	transmission	
of	the	Zika	virus,	
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Equilibrium	Point	and	Basic	Reproduction	
Number	 	

Equilibrium	Point	

		 System	 (1)	 has	 a	 disease-free	
equilibrium	point.	Disease-free	 equilibrium	
points	 are	 infections	 in	 humans	 	 and	

infections	 in	mosquitoes	 	 are	 zero.	 In	

other	 word	 there	 is	 no	 disease	 in	 the	
population.	Disease-free	equilibrium	points	
for	 the	model	of	Zika	virus	 transmission	 in	
the	system	(1)	are	obtained	

	

	Based	 on	 (2)	 the	 following	 equations	
are	obtained	

	

	
	If	 substituted	 into	 equation	 (3),	 then	

obtained	 .	 Subsequently,	

substituting	 	 into	 equation	 (5)	 is	

obtained	 .	 Thus,	 a	 disease-free	

equilibrium	 point	 is	 obtained	

.	

The	Basic	Reproduction	Number	

The	 basic	 reproduction	 number	
according	to	[5]	is	a	number	that	states	the	
average	 number	 of	 infective	 individuals	
secondary	 to	 contracting	 primary	 infective	
individuals	 that	 take	 place	 in	 susceptible	
populations.	 Then	 the	 biological	
interpretation	 of	 the	 basic	 reproduction	
number	 	 is	 the	 average	 number	 of	
humans	 infected	 caused	 by	 some	 people	
who	are	infected	during	a	certain	period	of	
infection.	 Next,	 a	 model	 is	 given	 on	 the	
system	 (1).	 The	 decline	 in	 the	 basic	

reproduction	ratio	is	done	by	first	grouping	
the	 subpopulations	 into	 x	 and	 y	
compartments,	namely:	

	

So	that	a	model	can	be	formed	

	Furthermore,	equation	in	(7)	can	be	written	
as	

		 	

By	F	declaring	new	infections	that	occur	
and	 V	 stating	 the	 development	 of	 disease,	
death	and	healing.	So,	obtained	

	

	

So,	we	make	the	Jacobian	matrix	

	

	
	

	

The	disease-free	equilibrium	point	that	
has	 been	 obtained	 from	 system	 (1)	 is	

.	Thus,	the	matrix	F	and	V	

are	obtained	
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The	Next	Generation	Matrix	(NGM)	for	
system	(1)	is	

	

The	 eigenvalue	 of	 the	 matrix	 M	 is	
obtained	from	the	following	equation:	

	 	
	

	

So	 that	 the	 matrix	 M	 eigenvalue	 is	
obtained	

	 	

Thus,	 the	 basic	 reproduction	 number	
values	obtained	for	the	system	(1)	are	

	

The	 parameters	 in	 the	 basic	
reproduction	 number	 	 contain	 two	

elements,	first,	 	which	means	that	

the	 average	 human	 is	 infected	 by	 one	

mosquito,	and	 	is	the	average	age	of	the	

mosquito.	 Second,	 	 shows	 the	

average	 infected	 mosquito	 caused	 by	 one	

human,	 and	 	 is	 the	 average	 age	 of	

humans.	
Theoretically,	 the	 basic	 reproduction	

number	 	is	the	threshold	value	that	can	

determine	the	outbreak	of	Zika	virus	or	Zika	
virus	 is	 extinct.	 If	 	 that	 means	 the	
disease	will	endemic	in	certain	areas,	and	if	

	 means	 the	 disease	 will	 become	
extinct.	

Optimal	Control	

The	researcher	 tried	 to	 find	Zika	virus	
control	measures	 and	minimize	 total	 costs.	
The	control	parameters	used	are	three,	first,	

	meaning	the	descent	scale	in	the	level	
of	 efficient	 direct	 interaction	 between	
mosquitoes	 and	 humans	 by	 using	 clothes	
dividers,	 mosquito	 nets,	 curtains.	 Second,	
the	control	parameter	 	means	showing	
the	 rate	 of	 transmission	 from	 mosquitoes	
infected	 with	 the	 Zika	 virus	 to	 susceptible	
humans.	 Third,	 the	 parameter	 	 is	 an	
estimate	of	 the	growth	of	 the	death	 rate	of	
mosquitoes	 by	 eradicating	 mosquito	 nests	
using	insecticides.	

The	objective	function:	

	

Constraints	function:	
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equation	 	 by	 minimizing	
the	behavior	index	

	 	

The	 steps	 for	 completing	 the	
Hamiltonian	method	are	as	follows:	

1. Form	a	Hamiltonian,	that	is	
	

2. Complete	the	control	equation	

	,		

to	obtain	 	
3. Get	a	Hamiltonian	

	
4. Complete	the	 	equation	

		 	

With	boundary	conditions	given	by	
the	initial	state	and	the	final	state.	

5.	Substitute	the	results	of	step	4	inward	
to	 obtain	 the	 optimal	 control	
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Based	 on	 the	 completion	 steps	 of	 the	

Hamiltonian	 method	 to	 obtain	 optimal	
control	 sought	 from	 functions	 (9)	and	 (10)	
are:	
1. Form	 the	 Hamiltonian	 function	

equation	 H	 from	 the	 optimal	 control	
problem	as,	
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b. The	 adjoint	 (co-state)	 equation,	
obtained		

	

Can	be	written	to	be		

	

Furthermore,	obtained	

	

5. Substitute	the	results	of	step	4	inward	
to	 obtain	 the	 optimal	 control	 sought.	
Furthermore,	obtained	

	

It	 can	 be	 obtained	 the	 completion	 of	
optimal	 control	 in	 equation	 (23).	 Based	 on	
theoretical	 analysis,	 researchers	 can	
conclude	 the	 following	 strategies	 for	
prevention,	and	control	of	the	Zika	virus:	
a. Reducing	 the	 level	 of	 contact	 between	

mosquitoes	 and	 humans	 by	 using	
clothes,	mosquito	nets,	curtains.	

b. Reducing	 transmission	 rates	 from	
mosquitoes	 to	 humans	 by	 increasing	
autoimmunity.	

c. Increase	the	death	rate	of	mosquitoes	by	
eradicating	 mosquito	 nests	 using	
insecticides.	

4. Conclusion	
a. Based	 on	 the	 Mathematical	 model	 that	

has	 been	 obtained,	 it	 is	 found	 that	 the	
disease-	free	equilibrium	point	is		

	

b. Disease-free	 equilibrium	 points	 are	
stable	 local	 asymptotic	 based	 on	 basic	
reproduction	 number	 	 if	 ,	

and	 when	 endemic-equilibrium	 points	
will	exist	and	are	stable	local	asymptotic.	
The	 basic	 reproduction	 numbers	
produced	from	the	Mathematical	model	
show	 supporting	 factors	 and	 inhibitors	
of	transmission	of	Zika	virus.	

c. A	 proven	 strategy	 for	 preventing,	 and	
controlling	the	Zika	virus	at	a	low	cost	is	
first,	 reducing	 the	 level	 of	 contact	
between	 mosquitoes	 and	 humans	 by	
using	 clothes,	 mosquito	 nets,	 curtains.	
Second,	 reducing	 transmission	 rates	
from	 mosquitoes	 to	 humans	 by	
increasing	 autoimmunity.	 Third,	
increasing	the	death	rate	of	mosquitoes	
by	 eradicating	 mosquito	 nests	 using	
insecticides.	
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