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population dynamics for Dengue and Chikungunya virus taken into
consideration the effect of misdiagnosis due to the co-endemicity of the
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1. Introduction

The Chikungunya (CHIKV) is known to be a genus of single-stranded virus that infect
humans, which cause acute febrile polyarthralgia and arthirtis [1]. The manifestation of
Chikungunya illness are fever and joint pain, other symptoms may include headache, muscle
pain, joint swelling and skin rash [2]. Chikungunya virus can be found in the blood of an
infected human, passed from an infected person to a mosquito through the bites of an Aedes
Spp. mosquitoes [2]. Chikungunya virus (CHIKV) has an intrinsic incubation period in a
human host of about four days after an infected mosquito bite, and the illness lasts a period
of seven days approximately. It is during this period that mosquitoes can be infected with
CHIKYV [3]. CHIKV outbreaks in Africa and Asia have been reported since the 1960s, the
major activity which took place from 1960s to 1980s lead to the spread of the virus infection
to other regions [4]. CHIKV has spread quickly to several islands in Indian Ocean, to Indian
and to Southeast Asia [5]. The epizootic life cycle of CHIKV in Africa is poorly understood
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and that of Nigeria is under reported. Furthermore, a few segregation of CHIKV have been
documented concerning other mammalian species (example, bat and squirrels) [6].

Dengue virus is an eruptive febrile illness transmitted by arthropods called the Aedes
aegypti, which causes Dengue fever [7]. The symptoms of Dengue disease are persistent
vomiting, severe abdominal ache, joint pain, and headache and skin rash [8]. Those who
become infected with the virus a second time develop severe disease [9]. The severe stage of
Dengue is respiratory insufficiency, severe bleeding, altered conscious, heart liver and
dengue shock syndrome (DSS) which can lead to death [10, 11]. The symptoms of
Chikungunya are similar to those of Dengue disease because they are spread by the same
Aedes mosquitoes [2]. Aedes aegypti is one of the main vector that has been recognize to be
the cause of the virus, and the male A. aegypti mosquitoes was tested to be positive for the
transmission of Chikungunya [12]. Dengue and Chikungunya virus co-circulating have been
announced to exist in 98 countries to which the viruses are widely distributed and are
presumed to take place in regions with high transmission force [13]. The countries that
currently experienced unusual number of Dengue infection that coincide with that of
Chikungunya infection is the Americas and a total of 2.3million DENV infections and
635,000 CHIKYV infections were reported in this region in 2015 [14]. Several models have
been made to study the transmission dynamics of Dengue and Chikungunya virus, our study
is focus on the misdiagnosis of the disease due to the co-endemicity of the two viruses in the
human population.

2.0 Model Formulation

The model, to be designed, assumes homogeneous mixing of the human and vector
(mosquito) population, so that each mosquito bite has equal chance of transmitting the virus
to a susceptible human in the population because only an aegypti has been reported to
transmit both viruses. It is imperative that we state at this juncture that the model we are
formulating here is not a co-infection model but a co-circulating model that takes account of
misdiagnosis when treatment is carried out in a patient. Hence, the total human population at

any time tis denoted by Nu () s partitioned into eleven mutually-disjoint compartments of
susceptible humans (S, (t)), population of susceptible Dengue vectors (Swo (1) ang
population of susceptible Chikungunya vectors Gue (t)), population of exposed humans and
vectors (Dengue and Chikungunya) (ED(t)), (Ewo (™) ang (Eye (1) , infectious humans
with Dengue (IDl(t)), infectious humans with Chikungunya (|01(t)), population of human
with Dengue and Chikungunya diagnosed (15 (1) and (Ieo () population of human

wrongly diagnosed with Dengue and Chikungunya (Fow (1)) and Population of recovered
humans from Dengue and Chikungunya (RD(t)), population of infectious vectors with

Dengue (To (1)) and population of infectious vectors with Chikungunya (hye (8) , SO that
Ny (8) = Sy (6) + Ep (1) + 1y (1) + 15, (D) + hyp (8) + R + 1oy () + 1, (8) + e () + Re (1), ()

Similarly, the vector populace at time t, is fragmented into susceptible Dengue vectors

(Swo (1) exposed vectors with Dengue(EMD(t)), infectious vectors with Dengue(IMD (t)),
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susceptible Chikungunya vectors(SMC (t)), exposed vectors with Chikungunya(EMC (t)),

infectious vectors with Chikungunya(I ve (1) :
The susceptible human populace is assumed to be engendered via enrollment at the

frequencyAH. This populace diminished as susceptible individuals make contact with

A

infected vectors, the force of infection with Dengue is at the frequency “®V and the force of

infection with Chikungunya is at the frequency Aoy , Where:

1 :ﬂcvb‘cv(ﬂmEc+|01+77c2|c2+|7703|wc)
cv N,
Bovboy 75:Ec + 1o + 755155 + 11755100 )
Agy = pvpv b1 Ec t|>\1l p2!p2 p3'wo )
H

Here, Pov is the frequency of Dengue transmission from vectors to humans and Pev is the
rate of Chikungunya transmission from vectors to humans The modification parameter 7ot is

the parameter for reduced infectiousness of humans exposed to dengue, o2 is the
modification parameter that account for less infectiousness of humans rightly diagnosed for

dengue and 703 is the modification parameter for increased infectiousness of humans wrongly
diagnosed for dengue. The modification parameternc1 is the parameter for reduced
infectiousness of humans exposed to Chikungunya, Ic2 s the modification parameter for

reduced infectiousness of humans rightly diagnosed for Chikungunya and’7c3 is the
modification parameter for increased infectiousness of humans wrongly diagnosed for

Chikungunya, hence the assumption 0<70y <Mz <Ter <Mz <1 for reduced infectiousness

and 0 > D3 > 5C3 > 19> 705 >7cs > 1 o1 increased infectiousness of humans wrongly
diagnosed for either of the diseases [15]. Similarly, it can be revealed that the frequency at

which vectors becomes infected is given by Aon (the force of infection for vectors with

Dengue) and Ao (the force of infection for vectors with Chikungunya) where
ﬂ“DH — ﬁDH b‘DV I MD , and ACH — ﬁCH b‘CV IMC (3)
N,, N,,

b

Bon is the Probability transmission of Dengue from vectors to humans and “PV is the biting

frequency of vectors that transmit Dengue, alsoﬂCH is the probability transmission of

Chikungunya from vectors to humans and by is the biting frequency of vectors that transmit

Chikungunya. Individuals in each compartment suffer normal mortality frequency #+ .
The frequency of change of the susceptible human populace is generated by recruitment at

the frequencyAH . This populace decreases as they come in contact with vectors infectious
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with Dengue at the frequency’iDH , with vectors infectious with Chikungunya at the

frequency Ao , and finally by usual mortality at the frequency ph. Thus

ds,,
dt
The population of infected individual with Dengue is generated by new infection at the

= Ay — Aoy Sy — Aci Sk — £44Sw, C))

frequency of Ao , and diminish by progression of individuals (at the frequency ’1DH) and (at
the frequency #+ ). Thus,

dE
dtD = AonSy — (o + 444)EpL, ()

The populace of infectious humans with Dengue is produced by the progression of infected

humans with Dengue (at the frequency /). This populace diminishes due to diagnoses (at
the frequencyHD ), normal mortality (at the frequency #+) and dengue prompted mortality
(at the frequency O ). So that;

dl
dilzﬂ’DED_(5D+/‘H +65) 151, (6)

The populace of infectious humans with Dengue that are correctly diagnosed is generated by

inflow of individual from o1 class (at the frequency 05 (1-Pp) ) while (1-Fp) represent the
remaining fraction of humans wrongly diagnosed for dengue. This populace decreases due to

recovery from Dengue (at the frequency ‘®), normal mortality (at the frequency #+ ) and
Dengue-prompted mortality (at the frequency %50) where ?o s the parameter that account
for reduced mortality of humans rightly diagnosed for dengue; so that

20— 0, (1 Py oy ~ (@00 + 70+ )10 = o )
The population of infectious humans that are wrongly diagnosed of Dengue cases is

generated by inflow of individual from 01 class at the frequency¢D IOD) while Po represent
the fraction of humans wrongly diagnosed for dengue. This population decreases due to re-

diagnosed for Dengue (at the frequency %o ), natural death (at the frequency #+ ) and dengue-

induced death (at the frequency Op ); Thus,

dl
d—v;:/D=¢DPDIDl_(IuH+5D+¢D)IWD' 8)

The recovered populace from Dengue is generated by humans from infectious class (at the
frequency “p). This population is reduced by natural death (at the frequency# ). Thus,
dR,
dt
The population of infected individual with Chikungunya is generated by new infection at the

=7plps =14 Rp, ©)

frequency ofﬂ“CH , and decreases by progression of individuals (at the frequency”+) and
natural death (at the frequency #+). Thus,
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dE
dtc = Aen Sy — (e + 1y )Ec, (10)

The populace of infectious humans with Chikungunya is generated by the progression of
expose humans with Chikungunya (at the frequency’c ). This populace decreases due to
diagnoses (at the frequency‘)C ), natural death (at the frequency#+) and Chikungunya
induced death (at the frequency O ). So that

dl
d§1:7/cEc_(5c+ﬂH +6c) ey, 11)

The populace of infectious humans with Chikungunya that are correctly diagnosed is

generated by inflow of individual from'e: class (at the frequencyec(l‘Pc)) while(l_PC)
represent the remaining fraction of humans wrongly diagnosed for Chikungunya. This

population decreases due to recovery from Chikungunya (at the frequency fe ), natural death

(at the frequency#+) and Chikungunya-induced death (at the frequency%éC ) where e js
the parameter that account for reduced mortality of humans rightly diagnosed for
Chikungunya; so that

dle,

qt =0. (1-Pc)ley —(acOc +7c + ) ey — P lue s 12)

The population of infectious humans that are wrongly diagnosed of Chikungunya cases is

generated by inflow of individual from ey class at the frequency Oc I:)C) while Fe represent the

fraction of humans wrongly diagnosed for Chikungunya. This population decreases due to
re-diagnosed for Chikungunya (at the frequency b ), natural death (at the frequency#+ ) and
Chikungunya-induced death (at the frequency O ); Thus,

dR,

dt =7cle, =y Re, (13)

Populace of susceptible mosquitoes are increase by birth (at the frequencyAVD ) and decrease
by infection, with infected humans with Chikungunya (at the frequencyiDV) and natural
death (at the frequency*v ). Thus,

ds
ﬁZAVD = Ao Swp — My Syp s (14)

The infected vector population with Dengue is generated via the infection of susceptible
vector with Dengue (at the frequencyAVD), the populace is diminished by natural death (at the
frequency*v ) and progression of vectors from exposed to infectious (at the frequencyiMD).
This gives:

dE
TMD:ZVDSMD_O/MD—'_IUV)EMD’ (15)
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The infectious vector population with Dengue virus is generated via the progression of

vectors from Eve class (at the frequency’™o ) and it is reduced by natural death (at the

frequency * ). This gives:

dl
d'\:D = 7w Emo — 4 lyp s (16)

Susceptible mosquitoes Populace with Chikungunya virus are increase by birth (at the

frequency Ae ) and decrease by infection with infected humans with Chikungunya (at the

frequencyﬂVC ) and natural death (at the frequency*v). Thus,

ds
d—'\tACZAvc — Ave Sme — 4y Sue s @7)

The infected vector population with Chikungunya is generated via the infection of
susceptible vector with Chikungunya (at the frequencyﬂw), the populace is diminished by

natural death (at the frequency*v) and progression of vectors (at the frequency’vc ). This

gives:

dEyc
dt

A Swe = (Pwe + 4y ) Epe (18)

The infectious vector population with Chikungunya is generated via the progression of

vectors from exposed class (at the frequency’vc) and it is reduced by natural death (at the

frequency#v). This gives:

dly,c
dt =7mcEmc — v Te - (19)

Hence, the Dengue Chikungunya transmission model comprises of the following system of
17 nonlinear ordinary differential equations. The schematic is show in Figure 1.

Figure 1: Schematics representation for the basic Dengue Chikungunya model
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ds

dtH =AH _(/’LDH +/?’CH +:LlH)SH’
dE

gt = tonSk — (o + ) Ep,

dl
d—?l:7DED_(5D+IuH+‘9D)ID1’
dl

dlzz =0, (1—PF;) I —(apdp +7p + ) o =P lup
dl
d—V;D:¢DPDID1_(/JH+5D+¢D)IWD’
dR

dE

dtc = Ay Sy — (e + 444 ) Ec,

dl
d—ct:lZVCEc_(é‘C_'_'uH_'_BC)ICl’
dl

d(i::2 =0 (AP ), —(acoc +7c + 1y )y — Bl
dl
d—V;C:¢cPC|01_(,UH+5C+¢C)IWC’
d

d—F\i[C:Tclcz_/“HRC’

ds

$=AVD—AVDSMD—,UVSMD,

dE
TMD:XVDSMD_(7MD+1U\/)EMD’
dl

%zyMDEMD_/’IVIMD’

ds

B A~ A Sue — 44 Suc

dE
TWZAVCSMC—(;/MC+/JV)EMC,
dl

d—MtCZVMCEMC_IUVIMC’

(20)
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Table 1: Description of state variables of the model (20)

State Variables

Description

Su(t)
E5 (1)
i (t)

)

I
I, (t

o

Population of susceptible individuals

Population of humans exposed to dengue

Population of infectious humans with dengue

Population of infectious humans with dengue correctly diagnosed
Population of wrongly diagnosed dengue cases

Population of humans who recovered from dengue

Population of humans exposed to Chikungunya

Population of infectious humans with Chikungunya

Population of infectious humans with Chikungunya correctly diagnosed
Population of wrongly diagnosed Chikungunya cases

Population of humans who recovered from Chikungunya
Population of susceptible dengue vectors

Population of exposed dengue vectors

Population of infectious vectors with dengue

Population of susceptible Chikungunya vectors

Population of exposed Chikungunya vectors

Population of infectious vectors with Chikungunya

Table 2: Description of parameters of model (20)

Parameter Description

A"' (t) Recruitment rate for humans.

Hy (t) Natural mortality rate for humans.
Pov

Probability of transmission of dengue from humans to vectors

ﬁDH Probability of transmission of dengue from vectors to humans

Biting rate of vectors that transmit dengue

Mot Modification parameter for reduced infectiousness of humans exposed to dengue

o2 Modification parameter for reduced infectiousness of humans rightly diagnosed for dengue
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Modification parameter for increased infectiousness of humans wrongly diagnosed for dengue
Progression rate of humans exposed to dengue
Human disease induced death for dengue
Rate of diagnoses for dengue
Fraction of humans wrongly diagnosed for dengue
Modification parameter for reduced mortality of humans rightly diagnosed for dengue
Recovery rate of humans from dengue
Rate of re-diagnoses for dengue
Recruitment rate of vectors that transmit dengue
Natural mortality rate for vector
Progression rate of vectors exposed to dengue
Probability of transmission of Chikungunya from humans to vectors
Probability of transmission of Chikungunya from vectors to humans
Biting rate of vectors that transmit Chikungunya
Modification parameter for reduced infectiousness of humans exposed to Chikungunya
Modification parameter for reduced infectiousness of humans rightly diagnosed for Chikungunya
Modification parameter for increased infectiousness of humans wrongly diagnosed for Chikungunya
Progression rate of humans exposed to chikungunya
Human disease induced death for chikungunya
Rate of diagnoses for chikungunya
Fraction of humans wrongly diagnosed for chikungunya
Modification parameter for reduced mortality of humans rightly diagnosed for chikungunya
Recovery rate of humans from chikungunya
Rate of re-diagnoses for chikungunya

Recruitment rate of vectors that transmit chikungunya

Progression rate of vectors exposed to chikungunya

Mathematical Analysis

For the impact of misdiagnosis of Dengue for Chikungunya and vice versa on the dynamics of both
diseases in the population with minimal co-infection to be epidemi- ologically and biologically
meaningful, it is important to prove that all trajectories with positive initial data remain positive for
all time and the feasible region will also remain positively-invariant for all time.
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Theorem 1 Let the initial figures for the dengue and Chikungunya model (20) be given as
S,(0)>0,E,(0)>0, 1,,0)>0,1,,(0) >0, l,,(0)>0, R,(0) >0, E-(0) >0, 1,(0) >0,
lc,(0)>0, I, (0)>0, R. (0) >0, S,,,(0) >0, E,,,(0) >0, I,,5,(0) >0, S, (0) >0,

Iy (0)>0

and

(Sh (), Ep (1), 151 (0), 155 (1), 1o (1), Rp (1), Sy (1), Ec (1), 164 (D),

Then the trajectories IC2 (t)1 IWC (t)! RC (t)! SMD (t), EMD (t), IMD (t)! SMC (t)! EMC (t), IMC (t))
of the model with positive initial conditions, will remain positive for all time t > 0.

Proof: Following [16] and [17], the model (20) can be written in the form

dy
=P +6 (21)

Y = (SH (t), ED(t)’ | o1 (t), o, (t), Lo (t), Rp (t), Ec (1), |c1(t)’ Icz(t),
Iwc (t), Rc (t), Swo (t), Evo (t), | MD (t), SMC (t), EMC (t), | MC (t)

where
G=(A,00000,0000000000000000,0),
and P(): isa 17 x 17 matrix given as
f(Y)= (f1(17x10) f2(17x7) ) (22)
D, = (BonbPov Yis + Benbey Vi) D, = (Bovboy (75,Y, +Ys +775,Y, +Y5)
1 2
Where N , Ny
D, = (BovBey (176, Y7 + Y5 + 1165 Ys +77c5Y10)
’ Ny ’glzyD+ﬂH192=5D+ﬂH+0D’93:aD5D+TD+IuH,

94:50+¢c+ﬂH' J5 = 7wmc +1uH,96:5C+/uH + 6, 97:acé‘c+7c+ﬂH’gs =0¢ + ¢ +,UH’
99:7MD+/¢V'910:7MC+!‘V

(Py + £4y) o (0] o o (0] [0} (0] (0] (0]
BonboyYas —dg o 0o o (0] [0} (0] (0] (0]
NH
o Yo —9 o (0] (0] o o o o
o 0O 6,A—Py) —g: oo (0] (0] [0} [0} o
[0} o O, Py 0O —g (0] (0] [0} (0] [0}
(o] (o] (o] T, O  — ay, (0] o (o] (o]
LonbPoyYar [0} o o o 0O —gs (0] o o
NH
o o 0o (0] (0] o Ye — U9 [0} [0}
P = o o 0] (0] o o 0O 6.A—P.) —9, &
o o (0] (0] o o (0] O P. 0O —gg
o o (0] (0] o o (0] (0] Te [0}
o o 0] (0] (0] (0] [0} (o] (0] (0]
o o (0] (0] (0] (0] [0} (0] (0] (0]
o o 0] (0] (0] (0] [0} (o] (0] (0]
o o (0] (0] (0] (0] [0} (0] (0] (0]
o o 0] (0] (0] (0] [0} (0] (0] (0]
o o (0] (0] (0] (0] [0} (0] (0] (0]
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0 0 0 _ﬂDHbDV 0 0 _ﬂCHbCV
0 0 0 Bouboy O 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 Puibey
0 0 0 0 0 0 0
P,= 0 0 0 0 0 0 0
0 0 0 0 0 0 0
—u, 0 0 0 0 0 0
0 -(P,+u;,) 0 0 0 0 0
0 P, -g, 0O O 0 0
0 0 Yo — My 0 0 0
0 0 0 0-(P,+um) O 0
0 0 0 0 P -g,, O
0 0 0 0 o©0 Ve — iy

Now, using the fact that G =0 and that the matrix P(Y) s quasi-positive, it follows that (21) is

17
positively-invariant in Ry, Thus, we have established positivity for all the state variables in
model (20) for all time. Next, we claim the following:
Theorem 2 Let

'Sy (1), Ep (1), 151 (0, 15, (1), Ty (1), Rp (1), Ec (1), 1y (1), T, (1), T (1), Re (D),
I MD (t)7 SMC (t)l EMC (t)! I MC (t)|

Be trajectories of the system (20) with initial condition and the biological feasible region given by
t D=D,xD,xD, cR”xR?xR? cRY

the se + where
12 . AH
Da :{(SH’ED’IDl’IDZ’IWD’RD1SH,EC’Iclalcz,lm,RC)€R+ 'NH Slu_}’
H
3. AVD
Db :{(SMD’EMD'IMD)ER+-NSS },
Hy
3. AVD
D, ={(Swo Emp: lwp) €RIINg < p T
v

Is positively-invariant and attracts all the positive trajectories of the model (20)
Proof: Adding up the right hand side of the vector field for the human population in (20)
yields
dN,
F:AVD — g (S + Ep+ 1+ 1+ lyp + Ry + Ec Iy + gy + lye + Re) —p0plp, — Gplyp —acdclcp — e hye
<A, =Ny (23)
Similarly
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d’:}{’D Ay = 14 (Syp + Evp + o)

=Ap — 1 Nyp (24)
and
dzlj[’c =Aye =ty (Sye + Eye + lye)

= Ay — 4 Nic (25)

Furthermore, since the hand right side of the above equality is bounded, it follows that by the
comparison theorem [18], the solutions of (20) can be given as

dN
ditH =N (0)exp(—4, () + (S + Ep + 1+ Ipy + lp + Ro+ Ec + 1+ 1oy + e + Re)— 50515, = 0o hip =0l cy = Ic e
<Ay -uN, (26)
dN,, Ay
Ny (t)T <Nyp, (0) exp(—s (t) + ﬂ—[l— exp(— (1)1, so that
V
Lim,_,, sup N, (t) <
Hy
AVC
Nie )= Nic @ expls )+ l1-exp(-, (O], 50 that
Vv
A
L t—>oo SUp NVCV( ) &'
Hy

In particular, if
AVD

A A A
N, <—", then N, (t) <—& for all t >0, then N, (0) < —P N,p (1) <
Hy Hy v then Hy

t>0 and N, (0) < e ,then N (t) < M for allt>0
For all Hy Hy
Hence, the closed set D is positively invariant under the flow of the system (20). As a result, D is
an attractor and no trajectory goes out of any boundary of D.

4.0 Local Asymptotic stability (LAS) of Disease-free Equilibrium (DFE)
The model system (4) has a DFE given by,
5 :(SEU Ep. Iog I IO RO EO Igl’lo Rco’ Sl?/ID’ EI(\)/ID’ MD ! Sl(\)/IC’ EIS/IC’ Oc)

D+ 'p1r ' D2
A

=(—",0,0,0,0,0,0,0,0,0,0,—* Ao 0,0, — Ave ,0,0). (27)
Hy Hy Hy

The method of next generation matrix operator method by [19] is used to investigated the locally
asymptotically stable (LAS) of the diseases-free equilibrium (DEE). Using the notations S and T
to represent the one used in [19], where the matrices S is the new infection terms and T is the
transfer terms. Here
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0
0
0
0
0
0
0
0
ﬂDVbDV']le\lﬂ
H
0
0
0
0
0
0
0
0
0
0
0
0
0
ﬂcvbcvnmili:
0
0, 0
~—7p 92
0 -6,1-PR,)
0 0P,
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
Bovboy ?\IM: BovPovo: ?\IL: BovPovos ?\IL:
0 0 0
0 0 0
0 0 0
0 0 0 Poubyy 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
BevbeyTca ?\‘LHC BevbeyTics ?\IL: 0 0
0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
9% -4 O O o 0o o
g, 0 0 0 0 0 0
o 0 g o© o 0o o
0 0 -y g 0 0 o
0 0 0 -60-F)-g, —4 O
o 0 0 -6rP o g O
0 0 0 0 0 0 do
0 0 0 0 0 0 —7wo
0 0 0 0 0 0 0
0 0 0 0 0 0 0

13

o O O O o o o o o

0

0

Swc
BevbevTiey N7H
bCV
0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
9o O
~7mc My

(28)
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_ -1y _
The effective reproduction number of the model (20) Ry =p(ST7) =max[Rop  Rec |

-1
with # being the spectral radius of the largest Eigen value associated with matrix ST s given
by
R = \/ﬂDH ﬂDVb[z)VAVD/uH Y (959 (7o + 9o701) + 947020 (L= Po) + P05 (937705 + 15285
oD — y
A 159,0,050,06
R \/ﬂCHﬁCVbCVA ve Ve (9799 (e + 9elcr) + 9a7cMco0c (L= P ) + Pevc O (977 + et ) (30)
02~ y
H/u\/g59697gsglo

Where, 0, =7p t Uy 92—5 +u, +0, 93 apop + 75 + iy 94:5D+¢c+ﬂH’ 05 =7Vwc + Uy

g =0¢ + Uy + 0. 97 AcOc +7¢ +/1H Jg =Oc + @ + Uy gg 7w +ﬂv’910:7Mc T Hy
Usmg Theorem 2 in [19] we claim the foIIowmg result:
The diseases free state (DFE) of the system (20), is locally asymptotically stable (LAS) in D if

Roc <1and unstable imeC >1.

5.0 Conclusion

The threshold quantitymDC, is the effective reproduction number of the disease. It is the average
number of secondary dengue infections generated by infected individual in a completely
susceptible population. The epidemiological implication of reproduction number is that Dengue
and Chikungunya can be eradicated (asymptotically) from a population where there are instances

of misdiagnosed of either disease, WhenERDC <1, if the initial sizes of the sub-populations of the
model (4) lie in the basin of attraction of the DFE. This implies that if a small number of
infectious Dengue and Chikungunya patients enters such a population where there are cases of
misdiagnosis, it will not lead to a large Dengue or Chikungunya outbreak in the population.
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