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Onchocerciasis, also known as river blindness and Robles disease, is a parasitic disease caused by Onchocerca volvulus, a nematode
(roundworm), and it is endemic in tropical countries like Nigeria. The objective of this paper is to discuss the mathematical
formulation underpinning the spread and control of this disease on one hand. On the other hand, we make use of some new
analytical methods to derive the solution of the resulting set of equations. The numerical results are presented to test the efficiency
and the accuracy of both methods. The techniques used for solving these problems are friendly, very easy, and less time consuming.
The numerical solutions in both cases display the biological behaviour of the real life situation.

1. Introduction

Onchocerciasis is a country-wide public health problem
in Nigeria. The present estimates had suggested that 7-10
million Nigerians are infected with Onchocerca volvulus, and
approximately 40 million are at risk of the disease [1]. More
than 120,000 cases of Onchocerciasis related blindness have
been reported [2-4], and thousands of people suffer from
disabling complications of this disease [5]. Onchocerciasis,
which is the world’s second-leading infectious cause of blind-
ness, is a parasitic disease caused by the filarial nematode,
Onchocerca volvulus. It is termed as “river blindness” because
it is spread by the bite of the blackfly vector that breads
near oxygen-high fast-flowing streams and rivers people
rely on for washing, drinking, and farming which results
in depopulation of the fertile river valleys. The lifespan of
blackflies is short, lasting only 2-3 weeks. The disease affects
rural communities in Nigeria and is the major cause of
blindness and skin disease in endemic areas with serious
socioeconomic effects. It has been identified by the World
Health Organization as one of the neglected tropical diseases
(NTD) [6, 7], “Neglected” because they are not mentioned in
the millennium Development Goals. This implied that they
are not usually included among the important development

discussions, and as such they do not receive adequate atten-
tion or funding.

Figure 1 explains the life cycle of the parasite Onchocerca
volvulus.

Onchocerca volvulus is transmitted to humans through
the bite of a blackfly which introduces immature larva forms
of the parasite (infective larvae) into their human host.

The larvae migrate to the subcutaneous tissue where
they undergo further development and form skin nodules
as they mature into adult worms (macrofilaria). The adult
worms mate and produce millions of microscopic larvae
(microfilaria). This continues for years of the adult wormss life.
Although the infection with larvae begins immediately, the
disease may not become apparent in an individual for months
to years. In most individuals, it develops slowly in the skin,
while some patients may show symptoms initially with eye
problems, ocular involvement, and general debilitation.

The blackflies absorb the microfilariae as they feed during
the day, which further undergo developmental stages within
the blackflies into infective larvae, which are then transmitted
to the next human victim.

A study was carried out in Imo River Basin, Imo State,
Southeastern Nigeria, to assess the prevalence and intensity of
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FIGURE L: Life cycle of Onchocerca volvulus [8].

microfilaria of Onchocerca volvulus in the area [9]. The survey
coverage was about 91.8% of the study population and it was
found by EC. Uttah found that thirty-seven percent of those
examined was positive for Onchocerca volvulus microfilariae
(39.2% of males and 34.9% of females). The microfilariae (mf)
prevalence increased steadily with increasing age to reach
70.4% in the oldest age group.

Going towards the northern part of Nigeria, the endemic-
ity of human onchocerciasis was assessed by Anosike and
Onwuliri [10] in eight rural communities at risk, in Ningi
Local Government Area, Bauchi State, Nigeria, between July
1990 and March 1991. Of the 1536 subjects skin-snipped, 334
(21.7%) were positive for Onchocerca volvulus microfilariae.

Wogu and Okaka investigated the overall prevalence of
onchocerciasis in Okpuje, Owan West L.G.A. of Edo State,
Nigeria. The figure recorded in their study of 47.5% compares
favourably with the 48.6% prevalence reported by Edungbola
and Asaolu [11] in Kwara State, Nigeria, but higher than the
26.9% recorded by Nwaorgu et al. [12] in an onchocerciasis
mesoendemic area of Enugu State, Nigeria. However, Akinbo
and Okaka [13] reported a high overall prevalence (83%) of
the disease in Ovia North East L.G.A., Edo State, Nigeria
[14]. These reports suggest that we need a well-thought
mathematical formulation of a simple and appropriate model
for the spread and control of this disease.

2. Model Formulation

In this section, we define the parameters used in the model
below as follows: 8, is the contact rate between Hg and Hp;
B, is the contact rate between Hg and H; 35 is the contact
rate between Hy and Hp; f, is the contact rate between H;
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FIGURE 2: Model transfer diagram for onchocerciasis.

and Vg; S5 is the contact rate between Vg and V; y is the
transmission rate from V; to Hg; p and ¢ are the proportions
of Ivermectin/Mectizan treatment that cured the patient; {
is the rate of movement of humans from the infective H;
compartment into the human susceptible Hg compartment;
A is the rate of movement of human from the human infective
H; compartment into the latent (incubation) period Hp
compartment.

3. Model Diagram

Figure 2 shows the model diagram which consists of five
sets of ordinary differential equations highlighting the rate of
change with respect to time of human susceptible compart-
ment Hg human latent (incubation) period compartment
Hpg; human infective compartment Hj; vector susceptible
compartment Vg; and the vector infective compartment V;.
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4, Mathematical Formulation of the Model

From the model transfer diagram (Figure 2), we have the
following set of equations:

% =pl+yVr = (B + By) Hs, M
dd% =0A + By Hg - B3 H, )

% — BHg+ ByHy - p{ 60— BH, ()
% = B4H; - B5Vss (4)

% = BsVs — V1. S

To find the steady state, we assume that the compartments Vg,
V1, Hg, Hg, and H; do not depend on time. Therefore,
dHy _dHy _dH, _dVs _dVi_,
dt dt dt dt dt
We now solve the differential equations dHg/dt = dHy/dt =
dH;/dt = dVg/dt = dV;/dt = 0 to find the value for Hg, Hp,

H,;, Vg, and V.
From (4),
BsH; - BsVs =0,
— B
%=é% (7)
H; = AV,.
From (5),
BsVs—yVr =0,
_ Ve (8)
vlz—ﬁs S = BV,
Y
From (1),

pC+yVy = (B + B,) Hs = 0,
(B + B,) Hs = p{ + V.

)

But
V, = ﬁs_s,
Y
(B + ) s = pl + 225, 10)
= P+ BsVs A
Hi=—"—==CV..
$ B+ B> ;
From (2),

SA+ BHg - B3Hp = 0,
/53H_E =01+ /jlﬁS’

—_PC+/35‘75
Hs = Bi+B

but,

3
H. = pS+ BsVs
]
T = SA(By + Bo) + Bupl + B BsVs _ DV

" Bs
()

Lastly, from (3),
B,H;s + B3Hg — p{ = 8A = B,H; = 0,
B,Hs + B3Hg — p¢ — 8\ - B,H; = 0, (12)
ﬂzcvs + ﬂsDVs - pG =081~ .B4Avs =0.
We have that

Voo PErOL
S B,C + BsD — B A’

provided that 3,C + 35D > 3, A.
Therefore, the disease free equilibrium (DFE) is given as

E, = <’81PTC/32,0, 0, o,o) (14)

and the endemic equilibrium is given as

(13)

= P Fs (<pc+m>

B+ B
(n(5om) e
y (‘M (BL+ By) + Bl + ﬂl/jS)
Bs
+(3)))
= ((pC + B5) (pC +02))
x (By (pC + Bs) + (By + )

X [SA(By + Bo) + BipS + B Bs]

~ (B, +B2) ﬁs)il’
(15)

T = SA (B + Ba) + Bip + Bifs
? Bs

x ((pc +6) (/32 (%) +0A (B + Ba)

BB ) )



= ([6A(By + B,) + Bl + BiBs] (pC + SA))

(/32/33) (P{ + ﬁs)
x <—ﬁ1 ) +OA (1 + Ba) Bs (16)
+ BiBspC + BiBsfs — ﬂa/js) >
1= /;i <( { +0A)
p¢ + Bs
- (/32 <ﬁ1 +B, )
B (5/\ (B + ﬁz)/};ﬁd—’@v + B1Ps )
Bs
-4 () ) >
= (B (0 + ) (B (52 ) + B0 B+ )

-1

+ BiBapC + PiBuPs — B4.Bs> >
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- ((pcm)
PC"'[))S

</32</31+/32>

B (6’\ (B + B2) + BipC + i s

ﬁS
(8

))
= (Bs (p¢ + 61))

< (1. (B ) g0 5, )

B+ Ba
+ VPG + VB Bs - Vﬁ%) :

)

B 19)

Bs

5. Stability Analysis

To assess the stability of the (DFE), we solve the model char-
acteristics equation using the Jacobean matrix formulated
from (1), (2), (3), (4), and (5) above as follows:

(17)
o = (B +B2) % 8 8 2)’
57 <(p S+ o) 7=l B B B 0 0 (20)
{4 p 0 0 By —Ps 0
% P 5 0 0 0 s —
(ﬁz (/31 + P, ) g !
( SA(B1+ By) + BipS + Bis > (18) Applying the eigenvalue
+Bs B
’ A:det(J—AD) =0 (21)
B\ Y
_ﬁ“(E)) >, we have
~(Bi+B)-A 0 0 0 Y
B —B5-A 0 0 0
det B> Bs  —Pi-A 0 0
0 o B oh 0
0 0 0 B —y-
~(Bi+ B+ M) 0 0 0 14
B -(B;+ 1) 0 0 0
det B, Bs ~(Bs+ ) 0 0 =0,
0 0 B —(BstA) 0
0 0 0 Bs -(y+1)
~(Bs+ 1) 0 0 0 B —(Bs+A) 0 0
Bs —(Bs+ 1) 0 B, Bs ~(Bs+ 1) 0 _
J G S IS N I R s M
0 0 ﬁs - (y + )t) 0 0 0 Bs
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~(Bs+ M) 0
=B+ B+ A) | = (Bs+A) B ~(Bs+A) 0
0 Bs —(y+4)
Bs —(Bs+4A) 0 [B, —(Bi+ D) 0
+y B | O Bs ~(Bs+A) [ +(Bs+A)| O B4 -(Bs+A) || =0,
0 0 Bs | 0 0 Bs
_ _ _ ~(Bs+A) 0 B
oo ) [-ee 0 [ 0[BT 0 vy (5 s 0 =0
—[(Bi+ By +A) (Bs + A) (By+ A) (Bs + A) (y + M)] + B BsBuPs + YB2PsBaPs + YABL By s = 0.
(22)

Hence, we obtain from —(f3; + 3, + 1) =0

A==(B+p). (23)

From —(f; + A) = 0,

A, =B, (24)
From —(B, + A) = 0,

A; = B, (25)
From (s + A) = 0,

Ay = —Bs. (26)
From (y + A) = 0,

As = —y. (27)

Given that the results of 1, A,, A5, A, and A5 are all negative
and considering the principles of linearized stability which
says that the systems are asymptotically stable if and only if
all the eigenvalues of the system have negative real parts, we
say that the disease-free equilibrium (DFE) is asymptotically
stable.

6. Application of the Homotopy
Decomposition Method (HDM)

In this section, we apply the HDM [15-17] to solve these
mathematical sets of equations representing the onchocerci-
asis disease model as follows:

H (1) - Hy (0) = j (o + YV, (0) = (B, + Bo) H (1)) d,

H, (t) - Hy (0) = L (81 + B,Hy (v) — B;Hy (1)) d,

Hy (¢) - H; (0)

= L (/3sz (1) + B3Hg (1) = p{ = 6A - B,H; (T)) dr,
t
Ve (t) - Vg (0) = j (BH; (1) - BsVs (1) dr,

V() - V;(0) = L (BsVs () —pV; (7)) d7.
(28)

We then assume that the solutions of the above integral
equations can be put in the following form, for P € (0, 1),

Hg(t)= Y P"Hg, (t),  Hg(t)= Y P"Hg, (1),
n=0 n=0

Hy (t) = ) P"H, (1),

n=0

Vs() = Y P'Vg, (1), (29)
n=0

Vi(6)= Y PV, (1).
n=0

Replacing the above expressions in the integral equations, we
obtain the following expressions:

Y P"Hg, (t) - H (0)

n=0
t 0
=Pj [(péwZP"Vm (1)
n=0

0



~ (B + B) OZO:Pann (T)> dT] ,

Y P"Hy, (t) - Hg (0)

n=0
t o0
=P L [(6/\ + ﬁI;P”HSH (1)

_[33ZP”HEn (T)) dr] ,

n=0

Y P"H,, (t) - H, (0)
n=0

_ pJ [( B,y P'Hy, (1) + B, P"H, (7)
0 n=0 n=0

pL-OA- B3 PH,, <r>) dr] ,

n=0

Y P"Vg, (t) - Vs (0)

n=0
_ pj [(ﬂ4ZP”H1n (0) - Bs Y PV, (r)> dT:| ,
0 n=0 n=0

Y P'Vy, (8) = V; (0)

n=0
t (o) 0
=P J [(/SSZP”VSn ™ -y) P'Vy, (T)) dr] :
0 n=0 n=0

(30)

We compared the terms of the same power of P and obtained
the following:

P’ : Hg, (t) = H (0),
P’ : Hy, (t) = Hg (0),
P°: Hyy (t) = H; (0),
P’ Vg () = V5 (0),
P’ : Vi () = V; (0),

P':Hg (t) = Jo (PC +yVio (1) = (B, + B,) Hyo (7)) d,

P Hy, (1) = L (8) + B, Hyy (v) — BsHp (1)) d,

P':H, (1)
t
= L (B,Hgo (1)+BsHpg (1) - p¢ - SA - B,Hyq (1)) d,
t
P Vg () = L (B4Ho (1) = BsVs (1)) d,

t
PV, () = L (BsVio () — Vo (1)) diz.
(31)
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Continuing for n > 2, we have
Hg, (t) = Jot (PViger) (@) = (By + B2) Hy(1) (7)) d,
Hpg, (t) = Jot (ﬁlHS(n—n (t) = BsHpgg-1y (1)) dr,

Hp, (t) = L (BaHsn-1) (7) + B3Hg(,1y (7)
- ByHi, 1) (7)) d,

Vou ) = | (B ()= BV ()

(32)

t

Vi (t) = L (BsVstu-1) (1) = YViguon) (1)) d.
We now integrate the above equations to obtain the following:

Hp (t) =0, Hpg(t) =0, Hglt]=N, Vg lt]=M,
Vig[t] =0, Hy (t) =t (=01 -{p+NB,),

Hg [t] =t ({p-N (B, + )
Hpg, (t) =t (8A + NB,),
Vi [t] = Mtfs, Vg [t] = -Mtps,

1 1 1 1
Hp, () = EtZCPﬁz - ENt2/31/32 - ENtzﬁg + £t26kﬁ3
+ %Ntzﬁl,& . %t26Aﬁ4 + %tchm - %Nt2ﬁ2ﬁ4,
1 1 1
Hg, (1) = Etch/‘;l - ENtzﬁf - ENtZIBI[’)Z

1 1
- ztzfmﬁs - 5Nt2ﬁ1ﬁ3>

1 1 1
Hg, [t] = - Etchﬁ1 + thzﬁf - Efchﬁz
+ NEBB, + %erﬁg N %Mtzyﬁs,

Vo [t = - 52008, - S1pf,
+ NP, + T MEE,
Via[1] =~ MeyB, - S MPEL,
Hiy (6= = <040,y + CNCBB, - <0pf:

1 o3, » 1 3,3 13
+‘Nt/31ﬁz+gNtﬁz+gtCP/31ﬁ3

3
1 32 1 3

- gNt BiBs - gNt BiBPs
1

- gt3m/3§

1 1
- gNt3ﬁ1ﬁ§ - gt3(Pﬁ2ﬁ4

1 1
+ gNt3/31ﬁ2,B4 + gNt3ﬁ§ﬁ4

1 1
- <P°1B,B, — NI,
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1 1 1

~ EOM, — L Uppi + _NEB,
1. 3

+ th VB2Bss

Hin () = = <00} + CNOB] - <000,y

1. .32 1
+3Nt BB+ gt ‘BB

- 0B, + NP,
b ENEBBS + IOV
+ éNt3[§1,8§ + lMt3y,81[55,
Hg [t] = C pB; - —Nt B+ f *CpBiBs
- ENt BB, + gt *Upp; - ENf BB
- N - MY,
- SMEYp,
_ éMt VB, s - Mt Bz
%gﬂ:gg%m—gwmmm—éwﬁm
lt35,\/33/34 + éNt3/31/33ﬁ4 + ét%ﬂﬁi
+ 0 ppL - NCB,B + <P ONBB,

+ lﬁzl)ﬁzxﬂs Nt BaBaPs — Mt ﬁs’

Vi3 [t] = ~Mty*Bs - gt *OABPs — gt *CpB.Bs
+ éNt /52[34/35 + lMt3Yﬁ§ + éMt3ﬁg’
Hy, [t] = t4(pﬁ1 Nt ‘Br - t“(r)ﬁf/ﬁ

43 4 2 1 a0,

+ ng BiB, - gt CpBLB; + il BB

1og, 3 1o ay 3 1. 4
— P+ —NEB B+ — Nt

24 C,Dﬁz 6 ﬁlﬁz 24 ﬁz

1 43 1 4.2
+ — Mty B + — Mt

Y V4 ﬁs 24 Y ﬁlﬁs

+ iMﬁyﬁfﬁs + i1\/”4)/2[32/35

+ —Mt VB1B:Bs + Mt VﬁZﬁS

- —t YOAB,Ss — t Y{Pﬁziﬁs

+ iNt VB2BuPs + Mt4 v'B;

+ —Mt VB, B2 + Mt YB.PBs + _Mt VB3,

24

HE4 (t) _t (P/”I Nt /31

t CPﬁlﬁz
- §Nt ﬁlﬁz t CPﬁugz Nt /’)IﬁZ
-im%@+—mw@——m%m
t (Pﬁdgzﬁa Nt ﬂ1/3253 Nt ﬁlﬁ2ﬁ3
+ ﬁt “CpP i - =Nt B2 - ﬁNt BB s
_ it48)t,83 - —Nt ﬂ1/33 - —Mt4]/2ﬁ1ﬁ5
t ﬁlﬁs Mt yﬁl/jZJBf’
- —Mt “yB1BsBs - ﬁMt VB3
Hy, (1) = t pBips - iNt‘*ﬁfﬁz + iflfpﬁlﬁi
——Nt ﬁ1ﬁ2+—tC e Nt BB
; @—ﬂﬂw% # U8,
- —f CPﬁlﬁzﬁs Nt /3 B:ps
- LN R,
~ B S NEBEE S NEB
+ it“&\/s; + iNt“ﬁ1 B+ it4(pﬁllg2ﬁ4
Nt BiB.B+ {Pﬁzﬁz; 2Nt4ﬁ1/3§ﬁ4
- ﬂNt /32[34 - ﬁt “CpPB, B3Py
+ iNt4ﬁfﬁ3ﬁ4 + iZ\HAﬁlﬁZﬁS/34
+ —t45/\[33ﬁ4 Nt *BiB3Bs
—Nt ﬁ1ﬁ2ﬁ4 - iNt4ﬁ§/3§

NS+ OB,

+ ﬂt CPﬁ2ﬁ4 -

N it45A/33ﬁj

. _t LB - Nt“ﬁzﬂi - —Mt4)/2ﬁzl35
- —Mt 9B BBs - Mt Y8 Bs
+iMﬁ%mm

- —M t 98284 Bs — Mt B,

Ve [t] = = ﬁt CPﬁ1ﬁ2ﬁ4 + ﬁNt 181/32ﬁ4

1 1
- ﬁt4(Pﬁ§ﬁ4 + ENt4ﬁlﬁ§ﬁ4



+ iNf‘*ﬁj/ﬁ - it4(pﬁ1/33ﬁ4
— S NEB B - o NEB Py
- OB,
- iNt4ﬁ1ﬁ§ﬁ4 - it“(pﬁzﬁi
+ —Nt ‘BB, B + Nt ‘B,
- —t 8Aﬁ3,B4 - —Nt B1BsBi
- —t48/'\ﬁ4 c’pﬁ4
+ —Nt ‘B,B;
+ —Mt VB, BuBs - Cpﬁzﬁ4ﬁs
+ iNt BBy BBs + ZNt *BiBiPs
oA BB - iNt‘*ﬁlﬁaﬁd%
- —t48/\/34ﬁ5 Cpﬂ4ﬁ5 Nt *BaBiPs
- ﬁt AR - ﬁt ‘CpBpe
b NE BB+ oM
Vit = - i Mty Bs + 2—14t4y6/\/34ﬁ5 + 2—14t4VCPﬁ4ﬁs
_ i Nt'yB,B.Bs + it“épﬁzlhﬁs
- S NEB Bl - oo NE BB,
+ it4aAﬁ3ﬁ4/35 + Z—ZNt“/é’lﬁsﬁdo’s
. —t46/'\[§4,85 t“(pﬁiﬁs
- —N t'B, B2 —Mt4 V’Bs
—t4aAﬁ4ﬁ§ + —t4<”p/34/5§
- SNE BB - MY - Mg,
Hs [t] = £ 0pp; - mNt B+ —t “CpBps
- —Nt Bip, + —t *CpBiB; - —Nt *BIB;
+ _t SCpB B - N BB + vty *Cpp,

120

51/32 - m ﬁz M ’ 4B5

Mt 3ﬁ1ﬁ5 - T5n ts}’zﬁfﬁs

120 120
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- E Yﬁ1ﬁ5 ts)’3ﬁ2/35

- @Mts)’zﬁlﬁzﬁs OMtSVﬁfﬁzﬁs

1
- _Mtsyzﬁgﬁs - _Mts)’/glﬁgﬁs
1
- @Mt Yﬁz/gs + _t yza/\ﬁ4ﬁ5

+ = CPﬁ4ﬁs t Y8M;1/34ﬁs
+ Y(Pﬁlﬁzlﬁs Nt 4 ,Bzﬁzxﬁs

120

- mf YONB. b + tsycpﬁzms
- @Nf "y B2 BaBs ~ Nf YB3 B Bs
+ Et "yOABs By + ooVt "y B BaBs
+ Et "yOABps + 1_zot "ySpBLps
- 120 NtyB, B3 Bs ~ E Mty
- EM FY B - S MOV
ik MEYBufE - S MEYB B
- SMEEE YOI
+ VBB~ T NEYB R
- %Mtws MEYB B
T 120 yﬁZﬂS 20 ME VB

His [¢] = 120 ECpB; + @Nt B

5 3 5 pH4
Et CpBi B, + %Nt BB,
- itScpﬁfﬁi n iNtS/si’/si

- FO CPﬁlﬁz Nt :Blﬁz

+ —Nt
E Bifs

= Thn CPﬁ1ﬁ3 Nt ﬁ1ﬁ3

120

_t (Pﬁfﬁzﬁs + —Nt B BaBs
- i (P/-”lﬁzﬁs Ntsﬁfﬁglg

120
120 NEBBB — st SPBB;
120 /31,83 - E CPﬁlﬁzf%
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+ iNtsﬂfﬁZm —NEB BB
120 *CpBiB; + LoVt *BiB;

" mNt BB+ O]

N FIONt BB+ —Mt VB Bs
gk MEY s + MOy,

Mf v B1BaBs + Mt *yB; B,Bs

. FoMt 18,3+ FoMt VB

+ FOMt *YB: BsPs + Mt YB1B.B3Bs

+ FoMt "y B Bs ~ oot YOS, s

- 70 *¥SpBiBis + ooVt "YB1BoBufs

+ EOMt5 Y BB+ EOMt vB: B2

+EM "YBBaBs + Mt VB1B3ps

+ me VBB

Hys [1)=- m o, + m NEBIB, - 15 UL

5 03 2
+_Nt BiB; -

—t CP:BIﬁ; +

1
S5 NEBIB

- _t Cpﬂz + _Nt /31[32 _Nt ﬁz

120
120 (Pﬂ1/33

(PB 1BaBs -

+ mt (P:B1/32ﬁ3

120

120
NEBs

N £ B.Ps

Nt *BiBaps
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In general, by the repeated application of the above proce-
dure, we have that
t" t" t"
HSn = _'aln’ HEn = _|a2n’ HIn = _|a3n’
n! n! n!
t" t"
4n> VIn

(34)

VSn = 50>

n' n!

where a,,,, a,,,, s, As,,> a5, depend on fixed set of empirical
parameters. Hence, the approximate solution of the model
above is given as

o0 (n

t
Hy () = ) —ay,

n=0

(8 tn
He (6= )~
n=0"""

(o) tn
H (8) = ) —as, (35)
n= 01’1
o0 tn
Vs(®)= ) —
n=0"""
[ee] tn
wmzzﬁ%.

n=0"""

We therefore use the following theoretical parameters 3, =
05,8, = 0.5, B, = 0.5, B, = 05,5 = 05,y = 1,{ = 1,
N =10,M =10,p = 1,6 = 1,and A = 1 to examine
the behavior of the five different compartmental numerical
solutions in the system. Figure 3 shows the behavior of the
numerical solution.

7. Conclusion

Onchocerciasis model was examined and the mathematical
formulation underpinning the spread and control of this
disease has been proposed on one hand. On the other
hand, we made use of some new analytical methods called
the homotopy decomposition method (HDM) to derive the
solution of the resulting set of (1) to (5). The numerical results
were presented to test the efficiency and the accuracy of the
method used. The mathematical analysis of the resulting set
of (1) to (5) above revealed that the stability analysis of the
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FIGURE 3: Numerical solution of the model.

five roots of the characteristics equations has all negative
real part. In particular, given that the stability analysis shows
that the DFE is asymptotically stable, it would be possible
that the parasite Onchocerca volvulus be eradicated in a finite
time. On the other hand, the numerical solution confirmed
that as the number of humans and vectors in the susceptible
compartments reduces, the number of infective humans
and vectors in the infectious compartment increases. The
numerical solutions in both cases displayed the biological
behaviour of the real world situation. Therefore, in order
to build a healthy and a sustainable population, treatment
with Ivermectin/Mectizan drugs and a more hygienic envi-
ronment that does not allow the breeding and survival of
blackflies could lead to a total eradication of the disease.
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