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Abstract

In this study, a deterministic co-infection model of dengue virus and malaria fever is proposed. The disease free equilibrium point (DFEP) and
the Basic Reproduction Number is derived using the next generation matrix method. Local and global stability of DFEP are analyzed. The results
show that the DFEP is locally stable if Rys, < 1 but may not be asymptotically stable. From the analysis of secondary data sourced from Kenyan
region, the value of Ry;, computed is 19.70 greater than unity; this implies that dengue virus and malaria fever are endemic in the region. To
identify the dominant parameter for the spread and control of the diseases and their co-infection, sensitivity analysis is investigated. From the
numerical simulation using Maple 17, increase in the rate of recovery for co-infected individual contributes greatly in reducing dengue and malaria
infections in the region. Decreasing either dengue or malaria contact rate also play a significant role in controlling the co-infection of dengue and
malaria in the population. Therefore, the center for disease control and policy makers are expected to set out preventive measures in reducing the
spread of both diseases and increase the approach of recovery for the co-infected individuals.
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1. Introduction malaria report [3], estimated 229 million cases of malaria in
2019 compared to 228 millions cases in 2018, with 409 000

The spread of mosquitoes borne diseases has gained con-  geaths. 94% of the cases and deaths are reported from sub-
cern globally in recent decades because of their recurring out- Saharan Africa. Dengue is currently common in tropical and
breaks. Millions of people die every year as a result of these  gyptropical regions. The virus have four distinct stereotypes
infectious diseases and their control has increasingly become a and are transmitted to human through bite of infected Aedes
complex issue [1]. Dengue virus and Malaria fever are common mosquitoes (aegyptic & albopictus) [4]. Dengue cases reported
mosquitoes-borne diseases that have become a public health  jjcreased over 8 fold in the last two decades from 505430 cases
threat in the last few decades with high morbidity and mortality in the year 2000 to 2.4 million in 2010 and to 4.2 million in
for many patients in various part of the world [2]. The world 2019 [5]. While dengue is causing devastating impacts on the
tropical and subtropical communities, malaria fever is endemic
in some of these dengue affected regions there by drastically
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communities living at risk of contracting both diseases concur-
rently. The two pathogens share similar geographical areas, and
clinical distinction between them is difficult due to their over-
lapping symptoms. The work in [6], the researchers proposed
a mathematical model to study the transmission dynamics of
Zika and Malaria in malaria-endemic area. In Ref. [7] devel-
oped a novel mathematical model describing the co-infection
dynamics of malaria and typhoid fever. [8] formulated A deter-
ministic co-infection model between malaria and HIV in human
population. Ref. [9] developed and analyzed the stability of dis-
ease free equilibrium point (DFEP) of a co-infection model be-
tween dengue virus and chikungunya in closed population. [10]
developed a mathematical model for dengue-zika co-infection
and carried out their synergistic relationship in the presence of
prevention and treatment. Ref. [11] proposed a co-infection of
altered vector infectivity and antibody- dependent enhancement
of dengue-zika interplay. Ref. [12] formulated and analyzed a
co-infection model of dengue fever and leptospirosis diseases.
In [13], a deterministic model for dengue, malaria and typhoid
triple co-infection was developed but limited only to the sta-
bility (Local and global) analysis. The authors in Ref. [14],
developed a SEIR co-infection model of dengue and malaria
but only established the local and global stability.

In this study, we propose a SIR-SI deterministic model of dengue
virus and malaria co-infection and determine the stability anal-
ysis, sensitivity analysis and carryout numerical simulation for
the co-infection model. The remainder of this paper is arranged
as follows: In section 2, model descriptions, flow diagram (de-
picting the co-infection interactions) and the model formulation
are presented. Section 3 is devoted to results and analysis; In-
variant region, Disease free equilibrium point, Basic reproduc-
tion number, stability analysis, parameters estimation, sensitiv-
ity analysis and numerical simulation. Discussion of findings is
presented in section 4. Finally, conclusions are drawn in section
5 and some possible directions for future studies are presented.

2. Model Formulation

! The data used in this study are secondarily sourced from
[7, 15]. In accordance with previous studies on mathemati-
cal model of dengue virus [10, 16, 17, 15] and malaria model
[19, 20, 21, 22], we formulate a SIR-SI deterministic model of
dengue and malaria co-infection. In this model, the total hu-
man population N, is partitioned into seven classes; susceptible
human S, infected human with dengue virus /4, infected hu-
man with malaria /,,,, infected human with both dengue virus
and malaria 1, recovery of infected human from dengue virus
,malaria fever and co-infected individuals are R}y, Ry, Ran re-
spectively. The vectors population are subdivided into; suscep-
tible dengue vector S,,, dengue carrier vector /,,, susceptible
malaria vector §,,, and malaria carrier vector /,,,. The recruit-
ment rates for human, dengue and malaria vectors respectively,
are Ay, Ay and A,,. The recovery rate from dengue and malaria

IStability and Sensitivity Analysis of Dengue-Malaria Co-infection Model

97

97

are 0, a, transmission rate of dengue and malaria vectors to hu-
man per unit time are 77,4, 1,,, probability of dengue and malaria
vectors to be infected are denoted by 7,4, 7., respectively. Re-
covered human from malaria become susceptible at y and ac-
quired immunity p rate. The co-infected individuals recover
at the rate y; but those individuals either recover only from
dengue and join R;; with probability of g, or recover only
from malaria and join Ry, with probability of /(1 — g), or re-
cover from both diseases and join R, with the probability of
Y(1 = I)(1 — g). The human natural death rate denote y; while
dengue and malaria vectors death rate are y , i1, respectively.
7, 0 are dengue and malaria induced death rates while ¢, 6 are
dengue and malaria related death rates. The following assump-
tions are made to formulate the co-infection model: the total
population is not constant, the susceptible rates are recruited
through birth or immigration and the number increases from
malaria recovered and co-infectious recovered individuals by
losing their temporal immunity. Recovered individuals from
dengue virus is permanent. Figure 2 shown the flow diagram
for the interactions between dengue and malaria co-infection
model in human population. The time dependent dynamical

|:| O State variables

— Materials flow

Information flow

-

Figure 1. Flow diagram depicting Dengue virus and Malaria co-infection dy-
namics

system associated with the parameters interaction is shown as
follows.

Lia+nmlvm
S = An + YRup + 7Ry — RLAl) Sy — 1S,
1y, mLvm
L, = 777\/,1,‘15%1 - _nNhl Iy — (0 + 7+ pp + O)pa
L, = —”’}‘VI;’”S n= %—}j”lhm — (@ +p+06+pn+ )
I;m = %Ihd + ndT]:.‘[Ihm - (‘/’ +/~1h +6+ ¢)Idm
Ry, = lpa + @Ulim — nRia
R;'lm = alhm + wl(l - Q)Idm - (7’ +ﬂh)Rhm (1)
R, =¥ =D = Qlyn — (7 + wp)Ram
vd (Tna+1am
S!, =AM~ nd(/]\;: S 1aS
vl vdldm
I, = nfi/_hwsvd +’7”N_;Svd = Halva
S\/)m = Am /¢ /11<7h+ dm)Svm _ﬂmSVm
vin L hm v Ldm
I‘/,m = UT:Svm + nN_hisvm _,umlvm
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Table 1. Parameters description of Dengue and Malaria co-infection Model

Parameters Description
Ap Recruitment rate of Human Population
Ay Recruitment rate of Dengue Vectors
Am Recruitment rate of Malaria Vectors
o Rate of human acquired immunity from Malaria
a Rate of Human recovery from Malaria
o Rate of Human recovery from Dengue
W Rate of human recovery from both Dengue and Malaria
y Rate of Immunity warning for Ry, to become susceptible
N4 Transmission rate of Dengue vectors to human per unit time
M Transmission rate of Malaria vectors to human per unit time
Mvd Probability for Dengue Vectors to be infected
Mom Probability for Malaria parasite Vectors to be infected
qy Proportion of co-infected human recovery from Dengue only
vi(l —¢q) Proportion of co-infected human recovery from Malaria only
g Rate at which R, become susceptible
T Disease induced death rate for human infected with Dengue
o Disease induced death rate for human infected with Malaria
¢ Dengue related death rate
0 Malaria related death rate
U Natural death rate of humans
Ud Natural death rate of Dengue vectors
7%, Natural death rate of Malaria vectors

3. Results and Analysis

3.1. Invariant regions

In this section, we obtain the bounded region of solution for
the dengue-malaria model. The total human population is given
by
Nh = Sh + Ihd + Ihm + Idm + th + Rhm + Rdmv then

Nlll = S;’l + I;ld + I//lm + R;wl + I:im + Rgzm + R;im (2)
- N' = Ah —,uhNh (3)
Solving equation (3) as t — oo yields
7 Ah
Dy = {(S h» Inds Inms Lams Rua> Rims Ram) € R 0 < N < ,u_}
h

For the dengue vector population, if there is no spread of infec-
tion, then

N:i = Ad - /,lde (4)
2 Aa
Dy = {(Sva» Ia) € R*; Ng < —}
Ha
Similarly, for malaria vector population, we obtain
Nr/n = Am - /lmNm (5)
2 A
Dy, = {(Syms Lom) € R 3 Ny < —}
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Therefore, the feasible solution of dengue-malaria model is given
by
D = {(Dy x Da x D) R}

Thus, the solution of dengue-malaria model is bounded in D.

Theorem 3.1. Ifatt =0 and
{8100, 154(0), 11 (0), 14,(0), Rpa(0), Ry (0), Rgm(0) ,

Svd(O)a Ivd(o)7 Svm(o)’ Ivm(o)} > 07

then the solution of dengue-malaria model are nonnegative at
t>0.

3.2. Existence of Disease Free Equilibrium Point

2 To investigate the condition of existence of the disease
free equilibrium point and also the asymptotic behaviour of the
dengue-malaria co-infection model in this section, we will in-
vestigate whether the diseases die out or become endemic. This
can only be addressed through the asymptotic behaviour of the
diseases. This behaviour depends largely on the equilibrium
point, that is time-independent solutions of the system. Since
these solutions are independent of time, we set the left hand
side of system (1) to zero. S} =1, , =1, =1, =R, =R,
R, =0andS =1, ,=S,,=1,=0.

2Stability and Sensitivity Analysis of Dengue-Malaria Co-infection Model
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Thus, the equilibrium point is given by

Eoam = [S #(0), 15a(0), Ijm(0), 14 (0), Rpa(0), Rpm(0),
Rdm(())a Svd(())a Ivd(())a Svm(o)» Ivm(())]
Am

A A
= _h9090909090907_d303 _90 (6)
HMhn HMa HMm

3.3. Basic Reproduction Number Ryapn,

The linear stability of the equilibrium point Ey,, is established using next generation matrix method on system (1) to obtain the
threshold behavior Ry4,. Hence, we introduce two matrices; matrix A for rates of new infection and B is the transfer rate of in or
out of a compartment. Taking the partial derivative of the right hand side of (1) at DFEP with respect to 14, Iy, Lims Lvas Lm, We
obtain

o o0 0 L&
HnNp A
0 0 0 0 77le1
HnlNn
A = 0 0 0 0 0
Mva A Mva\
m ) OA ,f”l_fX: 0 0
0 HmNp Hm N 0 O
—Kq 0 0 0 0
0 =Dy O 0 0
B = 0 0 -k 0 0
0 0 0 -u O
0 0 0 0 —u
-+ 0 0 0 0
1
0 oy 0 0 0
B! = 0 0 —é 0 0
o o o -L o0
Ha
o o o o0 -1

Hm

where k) = (C+7+up+ @), k0 = W +up+0+¢),Dyr = (@+p+ 5+, +6)and 8 = (1 - I)(1 — g) from equation (1). The basic
reproduction number Ry, of dengue-malaria co-infection model is the number of secondary infections of dengue or malaria in the
population due to a single dengue or malaria infective individual. The reproduction number is the spectral radius of AB~' defined
as Rognm = p(AB™"), and is given by

Vi A A m vamA
Rog, = max 77d77;1 d zh’ 77277 2h )
Hnp ki Ny Hinttn DT N;;
3.3.1. Local stability of disease free equilibrium point
3 The Jacobian matrix Joz, of dengue-malaria model (1) at Ey, is obtained as seen in matrix (8).

[ g4 —nmA, 7
H 0 0 0 0 v T 0 Mj’*’hh 0 er,th/
0 —K 0 0 0 0 0 0 1d A 0
: HpNp "
0 0 —Dr 0 0 0 0 0 0 0 nmAy
HpNp
0 0 0 —Kka 0 0 0 0 0 0 0
0 o 0 qy —p 0 0 0 0 0 0
0 0 P Yill-q) 0 (=y—mn) 0 0 0 0 0 (8)
0 0 0 B 0 0 (=7 = i) 0 0 0 0
VY “Myd /g
0 T']Vhl 0 !ldl;\/;,] 0 0 0 —Hd 0 0 0
Myd 4\ a4,
0 Gam 0 i 0 0 0 0 - 0 0
“vmAm nvmAm _
0 0 l“m’x;, #m/xh 0 0 0 0 0 Hm 0
0 0 Wy Ny 0 0 0 0 0 0 —pn

Theorem 3.2. The disease free equilibrium Eodm is locally asymptotically stable if Rogn < 1 and unstable if Rogn > 1.
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Proof 3.1. . The local stability of Eogy, is establish by the Jaco-
bian matrix (8) at Eoan. The characteristic polynomial of Jogm
is determine by

det(Jogm — tI) = (—pp — 1)
X(=pp = 1) X (=y = ptn — 1)
X(=1 = iy — O(—pig — )

X(—t — 1) X det(Jogm —tI) =0

where Jog, is given by

N4 Ap
—K 0 0 e 0
1 M Ny
0 -D 0 0 NmAn
r HpNp
JOdm = 0 0 —K> 0 0
nvdAg 0 MvdAd _ 0
HgNp HaNp Ha
,mA ,mA
0 vmim vmAm 0 _
HmNp HmNp Hom 4

Using the properties of determinant, we obtain

—Dr— NmAp
Tt 0 HnNp 0 0
0 —Kky —t 0 0 0
7 vmAm TomAm _ _
det(Jog—1It) = det SN N U — 0 0
0 valAd 0 —ug —t MvdAd
HNi K " N
_Nd%h _ Ky —
0 0 0 M Ny ! ki—t
— — TmAp
DT t 0 unNy —lhg — ¢ _ %
det 0 —Kky — t 0 xdet| .4, Hd ht =0
) ymAnm TN, —K1 —
'/{::1/\\7: 7lll\mxl/\)hx —Mm — t upNpy 1

The five eigenvalues of Jogy, are (—uy — 1) X (=, — 1) X (—y —
Up — 1) X (=g — 1) X (=, — t) = 0 and the other five eigenvalues
are obtained from the solution of matrix equation (9) by

_ _ NmAn
Dr -t 0 HnNp
det 0 —Kky —t 0 =0
NomAm TvmAm _ _
MmNy HmNp Hm 4
Mvald
—u; -t -
det Ha HaNi | =
NaAn —K1 — 1
HnNy 1

The above determinant becomes

2 —(Dr+ky + ,um)t2

~ (ka(Dr + (D7 + k) + (1 = RZ )Drpi) t (10)
+(ky = RS YDyt = 0
£+ (g + k)t + (1 = RY aks =0 (11)

The above eigenvalues of equation (10) and (11) are also neg-
ative. Therefore, the disease free equilibrium point are locally
asymptotically stable iff Ry; < 1 and Ry, < 1.

3.3.2. Global stability of disease free equilibrium point

* The global asymptotic stability of the DFEP is investi-
gated using Carlos Castillo-Chavez conditions as described in
[23]. From the co-infection model (1), we define the time de-
pendent derivatives by

X' =F(X,Z)
7' =G(X,Z), G(X,0)=0

12)
13)

Where X = (S, Rya, R, RdmaSvdevm) and Z = (Ipg, Iy, Lim» Lvas Ivm)

denote uninfected and infected populations respectively. To
guarantee the global asymptotic stability, the following condi-
tions must be satisfied.

(a) X’ = F(X,0); X* is globally stable
(b) G(X,Z) = D.G(X*,00Z - G(X,Z), GX,Z) > 0V X,Z €
Q

Theorem 3.3. The equilibrium point Eogy = (X*,0) of system
(1) is globally asymptotically stable if Rog, < 1 and the condi-
tions (a), (b) are satisfied.

Proof: F(X,Z) and G(X, Z) is given by
[An + YRum + TR am — %Sh — S|
ORpa + qlam — tnRna
pRhm +(1- qw)lhm - (7 + /Jh)Rhm
Blim — (7 + pn)Ram
Ag - —”""(lh"IH‘M)S vd — HdS va

F(X,Z) =

d
m (Lnm+1,
Am _ M ]]l\r]'jx dm)S om — llmS om

&)

Nalva Ml
NS = Ty ha = (0 + T+ pup + P)lpa

I, 1,
%Sh - 'I}[\/_hdlhm —(Q+P+5+,Uh +9)Ihm

v 1,
B Iy + B2 Dy = (f + i + 0+ §)am

Mvdlhd Mvdldm
N Sva + TS va = Halva

Tvmm TvmLam
N, Som + Na Svm = UmLom

G(X,Z) =

For X’ = F(X, 0), system (1) is reduced to

S;l = Ap+ 7Ry + YRum — nSn
Sva =N — MdS vd

X = Svm = Am _/JmSvm (14)
An Ag Ay
with X* = (—’,—d, —)
Hn Hd  Hm

Given G(X, Z) = D,G(X*,0)Z — G(X,Z), G(X,Z) > 0

A
-k 0 0 LT
HnNp A
0 _ DT 0 0 MmN\ h
H“nNp
GXxH0=| o 0 -k 0 0 (15)
MvaAd Mdld
—Hd 0
HalNp HaNp
anAm anAUT O —/J
/JmNh ,UmNh " |
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A
—k1 0 0 NdAn
HrNp A
0 -Dr 0 0o Imoh
HnNp
D.G(X*,00Z = 0 0 —K2 0
vaAd Mval\d
~Ha
HaNn HaNp
O anAlﬂ r]WTIA”l
TN ~Mm
ﬂmNh llmNh
A
1T + L,
h
IZZ -D TI/‘lIIl + /J: Nh I vm
X Lam | = —Kk2lam
I d\d A
vd o + lem _,Udlvd
Tom HalN, HaNp
anAWl I + anAWl I _ I
/JmNh hm ﬂmNh dm — Md vim |
[ naha A whmlg |
%(J_Sh)_‘_ 7 Nh”
GUX.2)| | ndom An _ g o bl
G2(X,2) Nun N,

G(X,Z)=|C3(X,2)| =
G4(X.2)
Gs(X,2)

N lym ] Nalvalim
-+ ) a6
@ Ad
24 (=2 — Sv0)Una + Lam)
b pa

m (’ L
’5\‘] ( = - Svm)wm + Lam)
L

Since G5(X,Z) < 0 in equation (16) and condition (b) re-
quires G(X,Z) > 0. Hence, condition (b) is not met as G(X, Z) <
0 for all X,Z € Q. Thus, it implies that the DEFP may not be
globally asymptotically stable if Rogy,, < 1. Therefore, the en-
demic equilibrium exist with DFEP if R,4, < 1. Whence, we
can deduced that the dengue-malaria model exhibits backward
bifurcation when the basic reproduction number Rz, = 1.

3.4. Parameters Estimation and Sensitivity Analysis

3.4.1. Parameters estimation and initial value

5 The parameters in Table 2 are obtained (or estimated) in
line with the work of [7, 15], from Kenyan region where malaria
and dengue virus are said to be endemic. Conservatively, the
following initial values are estimated. The total human pop-
ulation is estimated to be 52,000,000 and the susceptible hu-
man are assumed to be 25,000, 000 which is about half of the
population at the onset of the diseases. For vectors population,
10,000,000 is assumed to be susceptible malaria mosquitoes
with 2,000,000 malaria carrier mosquitoes. Dengue suscep-
tible mosquitoes are estimated to 5,000,000 and 100,000 for
dengue carrier mosquitoes. Therefore, the initial infected hu-
man with malaria is estimated to be 10, 000 and infected human
with dengue estimate is 5000.

3.5. Sensitivity analysis of the model

In order to identify the dominant parameter for the spread
and control of dengue and malaria infections in the population,
we performed the sensitivity analysis. As described in Carlos

3Stability and Sensitivity Analysis of Dengue-Malaria Co-infection Model
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Table 2. Parameters values of dengue-malaria co-infection model

Parameter | Value/day | Source
Ay 467 [71
Hn 0.00004 calculated
Ay 221056.75 | estimated
N4 0.000451 | estimated
Mvd 0.13502 estimated
o 0.035 estimated
n 0.003 estimated
T 0.0245 estimated
¢ 0.00023 estimated
Uy 0.00005 calculated
T 0.000408 [7]
Mom 0.15096 [7]
y 0.06 [0,1] [7]
a 0.038 [71
Jol 0.37 [7, 15]
0 0.0019 [7]
0 0.00025 estimated
Hm 0.00005 calculated

101

Castillo-Chavez [23], the sensitivity index of Ryg, with a pa-

rameter say f3 is expressed as

aRodm > ﬁ
op
Since R4y, is defined by

R
T 0dm =
B Rodm

N nvamAh

|

- { NalvaAaAn
0dm — 2 2
Mgk N,

uunDrN;

}

a7

Therefore, we evaluate the sensitivity index of Ry; and R,,, sep-

arately as follows: ©

ko _ ORoa  ma _ 1 >0
Mo Ong R 2
ROdz_aROd M=l>0
T Omwe Roa 2
ko - ORoa o T
7 oo R()d 2K1
ok — ORoa T T
T or R()d 2K1
R0d=8R0d i=_i<0
¢ 09  Roa 2k1
R _ OR0a  Ha _ ~1<0
K€ Oua ~ Roa
R _ ORod o pn _ _oHTH2mtS
B Oun  Rog 2k
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§0m=—6R°'">< o1y
" a’]m ROm 2
o= T L
" ar]vm ROm 2
rhw - Bom @ @
oa R()m 2DT
OR
R = Zom o PP g
g 6[) ROm 2DT
OR 0 0
i = B 0 0,
00 Ry, 2Dy
OR 0 0
R = 20~ — <0
00 Rom 2Dy
Rom ORy,, y M _ _a/+p+6+2,um+0 <0
Him aﬂm ROm 2DT

The parameters with positive sensitivity indices are 14, 7vd, m» vm
and the negative indices includes o, 7, ¢, ug, @, p, 8, 0, tt,. The
positive sign parameters have great influence in the spread of
the diseases and their co-infection in the region. Whereas, the
parameters with negative sign have potential influence on the
control of the spread of dengue, malaria and their co-infection.
Hence, the center for disease control is expected to make poli-
cies and control measures in this regard to combat dengue, malaria
and their co-infection in an endemic region.

3.6. Numerical Simulations

3.6.1. Effect of malaria recovery rate (a) on infectious (Iy)
population
As seen in Figure 2, it is shown that « plays a significant
influence in decreasing malaria infection. When the value of
a increases from 0.038 to 1, the infectious population due to
malaria decreased, where the contact rate 7,, is kept constant.

900
200
700
B g00
500

400

300

01 0z 0z 04 0.3

[
3923076923
o+ 037219

1R 07 0z no 1o

Thm=

Figure 2. Effect of malaria recovery rate on infectious population

3.6.2. Effect of dengue recovery rate (o) on infectious (Ig)
population

In Figure 3, as the value of o varies from 0.035 to 0.99, the

number of dengue infection decreases when the contact rate 1,

102

102

is kept constant. Hence, this can be use by policy makers to
combat the disease.

a0

0.4 0.5

o

(] 0.7 0z 09

21.68269231
o + 0.02477

Thd=

Figure 3. Effect of dengue recovery rate on infectious population

3.6.3. Effect of dengue contact rate (ny4) on co-infectious (1;,)
population
In Figure 4, the contact rate of dengue 7, varies from 0.000451

to 0.040451, the number of co-infectious population increases
as the recovery rate is kept constant. Thus, the center for dis-
ease control and policy makers are expected to apply vector
control measures and mechanism to reduce the expansion of
co-infection in the region.

a00
S00
400
00
200

100

oo ooz

e

Idm=14037 05783 1) J + 5727119595

0oz

Figure 4. Effect of dengue contact rate on co-infectious population

3.6.4. Effect of dengue-malaria recovery rate (¥) on co-infectious
(14m) population
The recovery rate described in dengue-malaria model is ei-
ther the individual recovery from dengue only, recovery from
malaria only or both dengue and malaria infections. As shown
in Figure 5, increasing i play a significant role in reducing both
dengue and malaria infections in the region.
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Table 3. Parameters value and sensitivity indices

Parameter Sensitivity indice Sensitivity index
Roa Basic reproduction number of dengue -
Up -ve -0.001787
N4 +ve +0.5
Mvd +ve +0.5
o -ve -0.001046
T -ve -0.000732
¢ -ve -0.000007
Uy -ve -1
Rom Basic reproduction number of malaria -
M +ve +0.5
Mom +ve +0.5
a -ve -0.007794
P -ve 0.075885
5 -ve -0.00049
0 -ve -0.00005
Mo -ve -1
60 effects of basic parameters for the spread and control of dengue
and malaria co-infection. From the results, we conclude that an
30 increase in dengue and malaria recovery rates plays a great role
a0 in reducing dengue and malaria infections respectively, in the
i region. Similarly, the recovery rate for co-infectious individu-
30 als also contributes greatly to reducing the co-infection in the
20 population if its value increases as seen in Figure 5. Another
findings obtained is that, increasing dengue vectors contact rate
10 has a great influence on spreading the co-infection in the pop-
ulation. We computed the Rys, = 19.70 > 1, indicating that
oo e, T 004 0.03 dengue virus and malaria fever are endemic in the area. Thus,
i 008713461538 we recommend that center for disease control set out preventive
W + 000052 measures in reducing the spread of both diseases and increase

Figure 5. Effect of recovery rate on co-infection population

4. Discussion

In this paper, we develop a deterministic mathematical model
that studies the dynamics of dengue virus and malaria fever in
an endemic stage. Base on the qualitative and numerical anal-
ysis of the data sourced from [7, 15] with conservative esti-
mates, the results depict some interesting insights into the un-
derlying relationship between dengue virus and malaria fever
and provide information that are useful to combat the diseases.
The qualitatively analysis of the model shows that there is a
bounded invariant region where the model is mathematical and
epidemiological well posed. The basic reproduction number of
the model was derived using the next generation matrix method.
Stability and sensitivity analysis of the disease free equilibrium
point (DFEP) were established. The result shows that the DFEP
is locally stable if Ryzy, < 1 but may not be asymptotically sta-
ble. Therefore, the endemic equilibrium exist when R4, < 1
with DFEP and this implies that the model undergoes backward
bifurcation. We demonstrated numerically using Maple 17, the
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the measures on recovery co-infected individuals.

5. Conclusion and Recommendation

As demonstrated in this study, the co-infection between dengue

virus and malaria fever may have devastating impacts in the
tropical/subtropical communities. The model helps in iden-
tifying distinct features and underlying relationships between
dengue and malaria co-infection. This will be of help to policy
makers to devise strategies for controlling the diseases. For fu-
ture studies, we recommend a formulation with optimal control
parameters to determine the strategies for mitigating the spread
and control of dengue and malaria co-infection.

Data and materials. The data used for this co-infection model
are from previous articles published.
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