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Onchocerciasis is usually the term used to describe
river blindness, it is a disease that causes blindness,
and the second largest cause of blindness after
trachoma. It mainly affects the eyes and the skin, It is
caused by the parasitic filarial nematode Onchocerca
volvulus and is transmitted by the bites of Simulium
blackilies Center for Disease Control and World
Health Organisation (CDC, 2013, WHO, 1993).
Onchocerciasis is often referred to as River Blindness
because the blackfly laid its eggs attached to rocks
and vegetation submerged in fast flowing, highly
oxygenated rivers and streams where larval and pupa
stages develop before wansformation to the adult.
Thus result leads to high prevalence of eve disease in
- villages located aloag fast flowing nivers where the
» ‘blackfly breeds. (World Health Organization, 1995)

- Despite numerous strategies employed by various

national and international organization to eradicate
the diseass, recent surveillance data from the World
Heaglth Organization (WHO) and Onchocerciasis
Control Programme {OCP) reveal that more than 17.7
- million are infected globally. Onchocerciasis is also

endemic in Western and Central Africa and also in

-

Central and Southern America,

Mosi of the cases of blindness caused - by
Onchocerciasis, are found in sub-Sahara Africa

*Corresponding author Email: deborah bako @ futminna edu ng

(outside the areas covered by Onchocerciasis Control
Programme; OCP, (WHO, 1995).  Although
Onchocerciasis is not a disease that leads to death,
there is clear evidence that blindness may cause
social and economic complications which raay lead to
carly death because sight is light. Onchocerciasis is
particularly prevalent in tropical Africa and parts of
topical America; (Baséfiez 2002).  More recent
esumates by World Health Organisation {WHO,

1995) mention more than 17.7 million infected,

300000 visually impaired and another 270000 blind,
About 99% of infected persons are in Africa and 1%
in Nigenia and it is more prevalence in Mubi Village
in Adamawa State where about 89% of the entire
village suffers one form of blindness o the other:
This hyper-endemic cams the community the village
of the blind. The occurrence is found n Yemen and
some countries in South America Onchocerciasis is
locally transmitted in thiny coungnes of Africs, 13

foci in the Americas {Mexico, Guatemala, Ecuador,

Colombia, Venezuela Brazil and in Yemen. These
Countries are classified 85 Meso and Hyper endemic
by the OCP Conatries categonies. In West Africa, the
fear of infection is one of e major causes of
migration from fertle riverime areas into sub marginal .
lands, which resulis i over cultivation andd Jow
productivity (Basdiez er ol 2006)
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During the last decade, Jimmy and Horst (2003),
i&%’:& ;;:& ‘an. z —Esquinca  (2001), Jibrin and
Dorahim (201N Tkechukwu and Thomas (2014,
Q15). Abdon and Rubayyi (2015) and
‘e designed mathematical models on
Onchocerciasis (river blindness). Considering the

waorks of the afore-mention authors, the study at hand
is an improvement on the cited models above in that
it includes;

The latent, the infectious blind and recovered classes
Tl_zc treatment of actively infected individuals and
blind as control perameters

664

Incorporating the fumigation parameter
Loss of immunity after recovered,

MATERIALS AND METHODS

Model Formulation: A mathematical mode! for the
transmission dynamics and control of Onchocerciasis
was developed, improving on the existing models as
explained in the literature review by incorporating the
infectious but not blind and the blind compartments
varying population size (birth rate not equal to death
removal rate), and standard incidence.

The model contains of the human and the vector
(Black fly) populations. The human population is
_divided mmto five (5) compartments namely: the

sascepﬁbie human (S )Iatenﬂy infected human, (L)
Infections but not blind human (II.), -the Infectious
Blind human(7, }, and the Recovered human (R).
The Blackily population consists of the Non- carrier
blackily (V, ) and the carrier blackily (V ). -

“The Susceptible human populau_on~_(S ) is generated
- .ata 'cméta;t rate ';\ via recriitment of.humans by

birth and immigration inie the population. It is farther -

increased by reco“e'ed individaals iasmor mmmmh

at the rate “@. Tt is decreased by. mfecuon acquired”
via contact with carrier xectors at a rate ‘¢, where

p(z.e 0< p< I) is ‘the effective fumigation rate. It

is further decreased by natural death at the rate [ .
All the newly infected susceptible individuals moved

the laténtly infected comparument (L). .

© _The Latent compartmen! (L) is decreased by
progression of the disease to infectious but not blind
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_increased by progression of latently

u+p,

S Fig 1: Schematic diagram of Onchocerciasis transmission

class. I, and natural death at the rates O and [,

" respectively. It is further decrease due to following
interaction with the non-carrier blackfly (V, ).

The infectious but not blind (7,) population is
infected
individuals at the ratt O -and decreases by
complications-of the infection resulting into blindness
at the rate ¢.i further decreases by Tecovery. due to

- treatment to the recovered class at the rate %, and .

_r;atura} dea;h_ z}lgo _occurs_at thq rate ﬂh .

-The infectious blind compartmem (I ) is m\,reas=d
_at the rate @ due to progression of infection from I,
_class and diminished-by Tecovery due to treatment
. from Onchocerca volvulus <(not the bhndness) and
- natural death at the rate§, and /4, respectively. '

The recovered compartment (R) is generated from
recovered individuals from the ] -and I, classes at

AI; KUTA, FA; ABDULRAHMAN, §
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the rates 7, and ¥, respectively. It diminishes by
losing drug induced immunity and natural death at the
rates & and U, respectively.

The Non- carvier blackily, (V,)aré generated via
birth or immigration of blackfly into the population at
the rate A . Tt decreases by infection acquired when
the non-carrier blackily feed from the blood of the 7,

or the J, individuals at the ratea,. The blackfly

.

& _ . a(l-p)V.S
e ﬂl\—,%—‘wm — S
dl _&(1-p)V,S

T W, (AL
dI

4

= —oL-(é+x +#»)I
dr -

W

=oL —(r,+u)l,

where
N (1)=S(0)+L(t)+ L (1) + 1, (t)+ R(2)

N,(1)=V,()+Va(r) |
So that . e
“’1‘;(’_ ()
a ( o '

-A (f-f, +p)N (t)

' mtbe biological_feasible regioin .

dr

dR .

= = b+ nk-(0+4)R

dy; & (L+L)V, . |
—L=A, -2 20 Uy 4 p)Y,
a A, - N (F‘» P) 1

665

sub-population diminishes by natural death or

Iarvicides at the rates X, and O respectively.

The carrier blackfly (Vz) are generated from the

Non-carrier blackfly (V,) that feed on infectious

blood meals and similarly diminishes at the rates [,
and © respectively. Mathematical representation of

the schematic diagram is given by the following
ordinary differential equations.

The corresponding mathematical model equations are
described by a system of Ordinary Differential
Equations (ODEs) given below:

> ' &)

@

©
@

SO
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v :
. J

666
(8 S?O, )
I L20,
11 1,20,
N I, 20,
1 2=
Q=2 !
v V, 20,
AR
v, V, 20,
\ J
S +L+ L +I;+ R+V, 4V,
' Setting .
6=1-p )

'3 :..-zo\-;;:#h .......... . "
kz“¢f_?’{+ﬂn '
k3=7:’.+,uh Q)
ki =+ b,
ks=p,+p

System (1) becomes

das 2,6V,S )
oA -
o h ———+@R-u,S
dL o6 '
AL _ans
dt N,
dl,
—=0L-k,],
dt
I, , ‘
—==9I -k, '
S oL, ¢r e
dR

AR "d"t'=7’111"'*'72{2"k‘tle

: S A o, +L)YV,
: | —=A, —Mrk-V
TR ST PR
= "'_..v.dV 0:2(1 +11)V kV
‘.',‘:_dz- 7 N.:

V1t can be seen tkat all solunons of the system (1) siartiﬁg in"Q

Whlch can be shown to be posxmely mvanant

: .Eﬁ’ecﬁve Repfddt.ictive riumbef (R ) .

One of the most'important conceriin the analysis of -
epldermologxcal models is the determination of the

asymptotic behaviour -of their solution which is
usually based on the stablhty of the -agsociated

equilibria. These models typically consist of disease

free . equilibrium -and at least “ome. éndemic "

-equilibrium. The local stability is determined based -
. on a thresheld p"ametﬂr known as basic rep*oducuox‘

number R, [hlS _represents the average number of
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results on the glodal stability of the disease free
equilibrium and the effect of different control
strategies.
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Y % 0,067 WHO 2014
8 3 2.067 WHO 2018
; 3 ‘\{ 301,008.57 Akpan 2012
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‘ n N 27772857 WHO 2018
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P
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T
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£
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) Fie 1: Comganson of the Effeem‘e Rq:rodncum ?\umbe: (R,) ﬁ 5 different cmtml strategv ievels.
- Iireveals that any ofthe 5 contsol mm‘eﬂev have ggmme effects in v.ontmﬁmn Onchoserciasts but not allcan -
lead ta stable dmaase free state. (R < 1) of treatment of infections but not blind only or treatment gf

infectious blind only at’ am' coverage rate does not have much impact on the-control of mLhmemxasxs, the
disease continue to pcrs;st even thoagh thereis s deuease in marbidity. . . 0
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g eate of Fuimigation B Trentment
ol infarted But wot bling

= e RN OF Fumnigation & ¥ restment
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it R te Of Fumigation, Treatment of
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Treatment of Infected and bling
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Rate of Usage/Coverage

= .::Fxg 2: reveals that the’ 'f‘qu_xj‘control su*ategxes reduce the effective reproductive number below unity. Although, a
."40% coverage rate of fumigauon and treatment of Infectious but not blind is better than a 40% coverage rate of
fumlgatlon only. It further réveals that a 30% coverage rate of fumigation and treatment of Infectious but not
' blind is better thari '80% coverage rate of fumigation only or fumigation and treatment of Infectious but not blind

only.

" Numetical Siniulafions: Next we trsed numerical simulations to further conﬂrm and extend the results earlier
obtained. : -

1.8 10°4

©1.6x10%

1.4 iﬁ‘-‘

4 12x {0‘:

1% 10°-

8.% 105:

£.%x10°

ft-.x:ms-
e

.
“
$
W

S et [-——v-o-,zs—--yinos--wmwﬂ

Fxg '3 ‘A comparxson bctween the effects of treatment of Infchous but not bhnd on the morbldxty of I

'_1nd1v1duais Initial parameters and vah.,.s used a:= 7,.=0.25, %= 0 5 and 9 = =075 This shbws that more.

" - of the Infectious’ lndwlduals should be treated with Ivermectin annualIy, since 75% treatment rate of Infectious
" but not blind reduces the morbxchty to a disease free equilibrium in the first threc &) years, Hence 1t is advu,e

-'that 75% treatment will reduce onchocerciasis t0 2 dlseasc free equllxbrmm state. "
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Fig4 : the smblhty t!f Disease free equilibrium were investigated and found to be both locally and globally

S asymptotically stable when % =0.75, , =

i Commm “‘We presented a new mathematical model
i for - ‘the - stability analysis  for' onchocerciasis
" ‘transmission dynamics, incorparsating the infectious

but not blind, the infectious blind individuals and the
. fumigation parameter. Qur analysis reveals that the
*four conrol strategies reduce the effective
_ -reproductive number below unity. Although, ad40%
© coverdge rate of fumigation  and - treatment of
Tnfectious but not blind is better than a 40% cov erage
. Tate of fumigation only. It further reveals that a 30%
" coverage rate of ffumigaﬁen ‘and  treatment of
- ~Infectious but not blind is better than 80% coverage
rate of fumigation only or fumigation and treatment
“of Infectious but not blind only.
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