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Abstract. This study explores the complex transmission dynamics of Rift Valley fever (RVF), focusing
on the interactions between mosquitoes and livestock through the application of a compartmental model.
The research incorporates the implementation of isolation for infected individuals as a key control
measure. By calculating the basic reproduction humber Ry using the next-generation matrix method, the
study illuminates the conditions for achieving a disease-free equilibrium state. It is found that the disease-
free equilibrium is locally asymptotically stable when (Ry<1) indicating that RVF can potentially be
controlled within a livestock population if Ry is kept below this critical threshold. Conversely, when
(Ro>1) the disease may become endemic, emphasizing the crucial need to monitor and maintain Ry at
levels below 1. Additionally, the study performs a sensitivity analysis to identify key parameters that are
essential for livestock policymakers and veterinary professionals to consider. Through numerical
simulations, the research evaluates the effectiveness of early detection and isolation of infected livestock,
in conjunction with other integrated control strategies. These simulations provide valuable insights into
the dynamic behavior of RVF, aiding in the formulation of effective strategies for the management and
prevention of the disease.

Keywords: detection, reproduction number, equilibrium points, isolation, Rift-Valley fever, sensitivity

Introduction

Rift Valley fever (RVF) is a viral zoonotic disease with considerable impacts on
public health, livestock production, and economic stability, primarily in Africa and the
Arabian Peninsula. The causative agent, the Rift Valley fever virus (RVFV), belongs to
the Phlebovirus genus within the Bunyaviridae family (Adeyeye et al., 2011; Mpeshe et
al., 2011; Bird et al., 2009). Transmission of RVFV primarily occurs through the bites
of infected mosquitoes, affecting both animals and humans. Domesticated livestock,
such as cattle, sheep, goats, and camels, are particularly vulnerable, although humans
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can also contract the virus. Infected mosquitoes, notably those from the Aedes and
Culex genera, serve as the primary vectors. Furthermore, the virus can spread through
direct contact with tissues or bodily fluids of infected animals, increasing the risk for
individuals working closely with livestock (Bird and McElroy, 2016). The first case of
RVF was recorded in Kenya in 1931, and since then, the disease has been reported in
various parts of Africa and other regions. Notable outbreaks occurred in Madagascar in
1979, the Arabian Peninsula in 2000, and the Comoros archipelago in 2007 (Sissoko et
al., 2009; Nanyingi et al., 1931). The introduction of RVFV to Egypt in 1977, through
the trade of infected animals, and a significant outbreak in Kenya, Somalia, and
Tanzania during 1997-1998; exacerbated by El Nifio-related flooding-highlighted the
global importance of RVF (Kanouté et al., 2017). In 2000, RVF spread beyond Africa
for the first time, reaching Saudi Arabia and Yemen, again via the trade of infected
livestock from the Horn of Africa. This raised serious concerns about the potential
spread of the virus to other regions, including Asia and Europe.

Given the broad impact of RVF on both human and animal health, it is critical to
develop comprehensive strategies for surveillance, control, and prevention to mitigate
its negative consequences on public health and the economy (WHO, 2018). In animals,
RVF can lead to severe clinical manifestations, including fever, high mortality rates in
newborns, abortion storms in pregnant livestock, and hepatitis (Oguntolu et al., 2022).
In humans, the disease typically presents as a febrile illness, with symptoms such as
fever, headache, muscle pain, joint pain, photophobia, and gastrointestinal distress.
Severe cases may result in complications like hemorrhagic fever, encephalitis, retinitis,
or even death. Populations at heightened risk, including farmers, herders, veterinarians,
and slaughterhouse workers, face increased exposure due to their close contact with
infected animals. Numerous researchers have leveraged mathematical models as
essential tools for studying the epidemiology of diseases across various populations
(Adesola et al., 2024a, 2024b; Ajao et al., 2023; Fawzy and Helmy, 2022; Musibau et
al., 2022; Akinwumi et al., 2021; Métras et al., 2017; Adesanya et al., 2016a, 2016b;
Adewale et al., 2016; 2015a; 2015b; 2015c; Gachohi et al., 2016; Pedro et al., 2016;
2014; Fischer et al., 2013; Bird et al., 2009). Previous research has extensively
examined the transmission dynamics and contagious characteristics of Rift Valley fever
(RVF) in both livestock and human populations.

In a study, an eco-epidemiological compartmental mathematical model was
developed, incorporating ambient temperature and water availability, with empirical
environmental data from Kenya to mirror real-world conditions accurately. This model
effectively captures the intermittent nature of RVF occurrences, shedding light on the
low-level virus circulation that often goes undetected, with occasional reemergence
after prolonged periods. The study provides valuable insights into the complex
dynamics of RVF in relation to environmental factors, underscoring the sporadic nature
of its outbreaks. Similarly, EFSA AHAW Panel et al. (2021) conducted a study to
evaluate the effectiveness of surveillance and control strategies for RVF in both
Mayotte and the continental European Union (EU), utilizing mathematical models as a
part of the assessment. This research aimed to assess the efficiency of various
approaches in preventing and controlling RVF outbreaks within these regions. The
present study aims to develop a comprehensive model that incorporates the
effectiveness of isolating infected and infectious livestock, with the goal of enhancing
our understanding of how this isolation strategy influences disease dynamics within
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animal populations. Our objective is to explore and quantify the impact of isolating
infected and infectious animals on reducing the spread of the disease among livestock.

Model formulation

In developing our model, we assume that livestock primarily contract the infection
through contact with infectious mosquitoes. Additionally, a uniform natural death rate,
denoted by 6, is applied across all compartments (Table 1 and Table 2). Our model
includes two main populations: livestock and mosquitoes. The livestock population is
divided into six compartments: S =susceptible, V|, =vaccinated, E =exposed,
SY_=symptomatic, AY =asymptomatic, I =isolated, R =recovered. Each compartment
represents a different stage of infection or immunity within the livestock population.
The mosquito (vector) population is subdivided into two compartments: Sy=susceptible,
Iv=infected, infected, capturing the different states mosquitoes can occupy regarding
their susceptibility to and infection with the virus. This detailed compartmentalization
allows us to accurately model the complex dynamics of disease transmission between
livestock and mosquitoes, providing a more comprehensive understanding of Rift
Valley fever's spread and informing effective control strategies.

Livestock
ds
B A - mS R,
dE
d—tL:(l_HL)ALSL _(KL +/uL)EL
dA —
% =(-a )k E —(u +6 +o)AY,
ds

di/L - gLﬂ’LSL +aLK|_E|_ _(,UL +5L to,. +7/L)Sy|-
Eq. (1)

dl,
E:%_SVL _(ﬂL +5L +A|_)||_
dR, —
G SO oA AL — (4 + o )R,

Vector
ds,
——=m, A Sy — 4y
dt Eq. (2)
dl
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Where;
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Table 1. Description of variables.

Variables Decription

S, Susceptible Livestock Individual
E, Exposed Livestock Individuals

Sy, Symptomatic Livestock Individual

Ay, Asymptomatic Livestock Individual
I, Isolated Livestock Individual
R, Recovered Livestock Individual
S, Susceptible Vector Individual

I, Infected Vector Individuals

Table 2. Description of parameters.

Parameters Description

B Probability of transmission from an infectious vector to susceptible livestock
By Probability of transmission from an infectious livestock to susceptible vector

¢ Biting rate of vector

7T, Recruitment rate of Livestock

7, Recruitment of vector

A Force of infections of livestock

Ay Force of infections of vector

Yz Natural death

w, Loss of Immunity

0, Active infection

K, Progression rate

a, Detection rate of asymptomatic

S, Induced death from disease

7L Isolation of Symptomatic individual

oL Recovery of Symptomatic individual

OTL Recovery of Asymptomatic individual

A Recovery of Isolated individual

For a more thorough analysis, the following representation is used (Figure 1):

ds,
dt

=m - A4S, —u S +to R,
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Figure 1. Schematic Diagram of the RVF Model.

Analysis of the model

QUANTUM JOURNAL OF ENGINEERING, SCIENCE AND TECHNOLOGY 5(4): 132-150.
eISSN: 2716-6341
www.gjoest.com



Adesola et al.: Mathematical analysis of integrated control measures mitigating Rift Valley fever spread in livestock.
-137 -

The close set D =D, x D, — R?is positive invariant for the model Eq. (3) with non-
negative initial condition in  R®. Consider the biologically-feasible
regionD = D, x D, — R®with:

DL :{(SL'EL!AyLISyLylL,RL)E Rf X NL Sﬂ}

H Eq. (4)

D, ={(SV,IV)eRf:NV s”—v}

H Eq. (5)

We will demonstrate that D is positive invariant (i.e all solutions within D remain
within D for all time t>0). Therefore:

dN

dtL =m, —uN_ -5 (Ay, +Sy_ +1)
dN

dtv =7y — ty Ny
Where

N, =S, +E_+Ay, +Sy, +I +R,
N, =S, +1,

It follows that:

N, Sm - uN

dt Eq. (6)
an, <z, —u, Ny

dt Eq. (7)

A standard comparison theorem can be utilized to demonstrate that:

N, (t) < N_(0)e ™ + 2L (1—e™)

Hi

N, (1) < N, (0)e ™ + 2 (1—e ™)

Hy

In particular,
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N (1) <™t

He

N, (1) < 2%

Hy

If N (0)<”L and N, (0) <2~

He Hy

Hence, all solutions of the model with the initial condition persist within this region
for t>0. This suggests that the region D is positive-invariant, and thus, the model can be
deemed epidemiologically and mathematically well-posed.

Disease free equilibrium

The model Eq. (3) has a disease free equilibrium which is derived by setting all the
right hand sides of the Eqg. (3) to zero which is given by:

1—
g() Z(SLi E|_s AyL!SyLi R|_1 IL’SV 1l IV):[(/Jﬂ,O,O,O,O,O,Z—V'OJ
L v

Existence of endemic equilibrium point of R-V fever
The endemic equilibrium is given point is given below:

- =p). +wLRt*

S =
- A+
1-6.)4°S”
E*—k :( L) LY
L |<:l
o (1_aL)KLET
A=
- HL/ITST +aLKLET
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K3
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Thus, the endemic equilibrium arises whenever the basic reproduction number Ry>1.

Basic reproduction number

Using next generation matrix method (Olopade et al., 2022; 2021a; 2021b; 2017;
2016). The non-negative matrix F (representing new infection terms) and the non-
singular matrix V (depicting other remaining transfer terms) of the model Eq. (3) are
given respectively:

0 0 0 0 (1_‘9L)IBV|_¢/UV
0 0 0 0 0

F=]0 0 0 0 OB Py Eq. (8)
0 0 0 0 0
B P B P B P 0 0
K, 0 0 0 0
-(l-a)x. K, 0 0 0

V=l-axkK 0 K, 0 0 Eq. (9)
0 0 -y, K, 0 '
0 0 0 0 My
i K K K By P (Ko k6 0 + Ky k0, + K K,0, — K, K6,

R. = T\ + Ko x, - Ka k- K0k, + KK, + Kyx )

12 =

K1K2K3

Ro is the maximum value of the two Eigen-values determines Ry, the associated
reproduction number for the rift valley fever model. This reproduction number, denoted

by: R, = p(FV ) Ry is the maximum value of the two Eigen values R;, hence, the
associated reproduction number Ry for R-V malaria model is given by: R, = p(FV ™)

where p represents the spectral radius of the dominant Eigen-value of the next
generation matrix FV*. Thus,

KKK By Bu (Kya k0, + Ko k6, + KK, 60, — K, K0,
+K,a x, — Ko x| — K 0, kx + K,K; + Kk )g
K KK, Eq. (10)

R, =

Is the average number of infections caused by one infected vector introduced into the
completely susceptible populations of both livestock and vectors.
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Local stability of disease free equilibrim

Theorem 1: The disease free equilibrium of the model Eqg. (3) is locally
asymptotically stable if Ro<1 and unstable if Ro>1. To ascertain the local stability of &,
we compute the Jacobian matrix corresponding to the Disease-Free Equilibrium.
Evaluating the stability of the disease-free equilibrium at:

goz[(l_p)’“,o, 0,0,0, o,”V,oj

He Hy

—u 0 0 0 0 ® 0 0

0 K, 0 o 0o 0 o0 0

0 (Q-a)k, K, 0 0 0 0 0

0 ax, 0O -k, 0 0 0 0
J = Eq. (11
@)=y 0 4y -K, 0 0 0 g (11)

0 0 o, o, A, -K, 0 0

0 o0 O 0 0 0 - O

0 o0 o 0 0 0 0 -u

The characteristic Eqg. (11) above are obtained as|J,90 —/1I| =0, where | is the (8*8)
identity matrix. Then, |J&, — Al|=

T 0 0 0 0 0 0

0 ~K,-1 0 0 0 0 0 0

0 (-a)x, -K,-2 0 0 0 0 0

0 a K, 0 -K, -2 0 0 0 0 Eq. (12)
e =) =], 0 0 7. -K,—A0 0 0

0 0 oL oL A, -K,=2 0 0

0 0 0 0 0 0 -u4-210

0 0 0 0 0 0 0 —u -2

The Eigen-values are: -Kj, -Kj, -Ks, -K4, -Ks, -y and -py twice. The disease
equilibrium point is locally asymptotically stable, as evidenced by all eigenvalues being
real and negative. This stability theorem suggests that if the initial sizes of the model’s
sub-populations fall within the basin of attraction of the disease-free equilibrium, the
disease can be controlled effectively provided Ro<1.

Global stability of disease free equilibrium

We examine the global stability of the disease-free equilibrium using the
methodology outlined by Philemon et al. (2023). Consequently, the model equations can
be reformulated as follows:
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dM
o F M
dl
a:G(M,I)

With G(P,0)=0, where Pe%R’represents the uninfected classes (S., Ri, Sv)

and | R’ represents the infected classes (E, AY,, SY., I, Iv). Alsog, = (M ",0) denotes

the disease-free equilibrium of the model. The two conditions (H1) and (H2) stated
below must be satisfied for the model to be globally stable:

(H1): For dd—l\t/l =F(M,0), M is globally asymptotically stable

(H2): G(M,1)= Al —G(M,1), G(M,1)>0 for (M,1)eD

Where A=D,G(M",0)is an M-matrix (the off-diagonal elements of A are non-

negative) and D is the region is the feasible region where the model is biologically
meaningful. If (H1) and (H2) are satisfied, then the following theorem holds.

Theorem 2: The disease-free equilibriume, =(M™,0)is a globally asymptotically

stable equilibrium of the model if and that the conditions (H1) and (H2) are satisfied.
Now M:(SL, Ry, Sv) and |:(E|_, AY, SY,, I, IV)

A-p)r, = S,
F(M,0) = 0
0 Eg. (13)
-K; 0 0 0 L-6.)pud | EL
Q-a)x, -K, 0 0 0 Ay,

Al =l a x| 0 -K; 0 0 .o Sy, Eq (]_4)
0 0 7., -K, O I '
ﬂLv¢ IBLV¢ ﬂLV¢ 0 —Hy Iv

S
(1_ 9|_ )ﬂvﬂ{l_ N_LJ
A SL
G(M’I): GL:BVL¢(1_N_LJ Eq (15)
0
Sy
ﬁLv¢[1_mJ
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Since0< e <1,clearlyG(M,1)>0 ¢, = (M,O,Ojthen, the model equations
He
exhibit a globally asymptotically stable disease-free equilibrium. Meeting both specified
conditions confirms this stability, implying that the disease-free state is globally
asymptotically stable. This biological interpretation indicates that Rift Valley fever can
be eradicated regardless of the initial sizes of the sub-populations, provided the basic
reproduction number is below one.

Sensitivity analysis

Sensitivity analysis is crucial for understanding the impact of each parameter on
disease transmission dynamics. By calculating the sensitivity index of parameters
relative to the basic reproduction number, we can assess the extent to which each
parameter affects disease transmission. This analysis helps identify the most influential
parameters on the basic reproduction number, highlighting their role in driving the
spread of the disease. By prioritizing interventions and targeting control measures at
these critical parameters, we can enhance our strategies for disease control and
prevention. This thorough evaluation deepens our understanding of the mechanisms
driving transmission dynamics and aids in developing more effective disease
management strategies. The normalized forward sensitivity index of a variable w that
depends differentiably on a parameter P is defined as:

X,f" dw P
dP R,
Results and Discussion
Numerical analysis

The theoretical calculations of the model are numerically approximated and validated
using a fourth-order Runge-Kutta numerical method, implemented through MAPLE 18
software. Validation is carried out by applying a set of predefined estimated parameter
values, as outlined in Table 3 and Table 4.

Table 3. Parameters and values.

Parmeter Value Source

B 0.7 Pepin et al. (2010); Jupp et al. (2002)
By 0.21 Pepin et al. (2010); Turell et al. (1985)
@ 0.25 Chitnis et al. (2013); Ba et al. (2005)
m 0.05 Mehmood et al. (2021); Gaff et al. (2011)
iy 0.07 Mehmood et al. (2021); Kasari (2008)
w, 0.2 Assumed

A 0.2 Assumed

7L 0.3 Assumed

0, 0.3 Adeyeye et al. (2011); Jupp et al. (2002)
K, 0.4 Adeyeye et al. (2011); Jupp et al. (2002)
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K, 0.07 Chamchod et al. (2016); Turell et al. (1985)
a, 0.3 Assumed

S, 0.10 Adeyeye et al. (2011); Kasari (2008)
a 0.5 Adeyeye et al. (2011); Kasari (2008)
oL 0.3 Adeyeye et al. (2011); Kasari (2008)

Table 4. Numerical Sensitivity Index for RVF.
Category Sensitivity value Sensitivity sign

B 1.00000 +
By 1.00000 +

¢ 1.00000 +

0, 0.05371 +

K, 0.12227 +

a, 0.00755 +

P -0.12115 -

m -0.51223 -

S, -0.30122 -

w, -0.00027 -

7L -0.25999 -

o, -0.22598 -

a -0.04354 -

A non-linear deterministic model for Rift Valley fever, incorporating the detection
and isolation of infected livestock from susceptible individuals, is presented and
thoroughly examined. This study seeks to highlight the critical role of early detection
and isolation in reducing the spread of Rift Valley fever among livestock populations.
The model's mathematical and epidemiological validity is demonstrated through the
positivity of its solutions, indicating that it is well-posed in both fields. The analysis
explores the existence of both disease-free and endemic equilibrium states, with the
basic reproduction number serving as a key indicator of disease dynamics. Depending
on its value, the model predicts whether the disease will eventually die out or persist
within the population (i.e. when Ro<1) or spreads (i.e. when Ry>1), based on the value
of the basic reproduction number. The stability of the disease equilibrium is examined
through both local and global stability analyses, confirming its stability. Additionally,
numerical simulations of sensitivity analysis, conducted using MAPLE 18 software are
performed to identify the key parameters influencing the spread of Rift Valley fever
among livestock. The results indicate that parameters with negative indices help reduce
the spread of the disease, while those with positive indices increase the basic
reproduction number, thereby amplifying transmission.

An analysis of Table 3 shows that parameters with positive index values elevate the
basic reproduction number, potentially leading to an endemic situation when it exceeds
one. Three parameters emerge as the most influential in driving the basic reproduction
number: the transmission of infection from infectious vectors to susceptible livestock,
the transmission from infectious livestock to susceptible vectors, and the biting rate of
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vectors. These findings emphasize the crucial role these factors play in the transmission
dynamics of Rift Valley fever within livestock populations. Figure 2 highlights the
importance of isolating symptomatic infected individuals, a key epidemiological
measure for limiting the spread of infectious diseases. This strategy involves separating
symptomatic individuals from the general population to prevent further transmission. Its
success depends on timely identification, availability of isolation facilities, compliance
with protocols, and the disease's contagiousness. Isolation plays a critical role in
controlling outbreaks and safeguarding public health. Figure 3 shows the reintegration
rate of individuals who were isolated due to infection and have since recovered,
returning to the general population. This factor is critical in epidemiology as it helps to
understand disease transmission dynamics and assess the effectiveness of control
measures. Monitoring this rate provides valuable insights into the efficacy of isolation
protocols, the duration of post-recovery immunity, and the overall impact on managing
infectious disease outbreaks. Figure 4 highlights the detection of the asymptomatic
livestock population, emphasizing the identification and diagnosis of livestock infected
with the disease but not showing visible symptoms. This metric is crucial for controlling
Rift Valley Fever, as asymptomatic animals can still spread the virus. Enhancing
detection rates through widespread testing is essential for managing outbreaks and
implementing effective public health strategies.
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Figure 2. Symptomatic population with isolation rate , =0.3, 0.7&1.0
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Figure 4. Asymptomatic population with detection ratecr; = 0.3, 0.6&1.0

Figure 5 depicts the symptomatic livestock population alongside their recovery rate,
showing the number of animals displaying disease symptoms and eventually recovering
over time. This visualization is essential for understanding the progression of Rift
Valley fever and evaluating the effectiveness of interventions aimed at livestock
recovery. Tracking the recovery rate in symptomatic animals provides critical insights
into the disease's dynamics and helps inform strategies for managing and treating
affected livestock populations. Figure 6 represents the asymptomatic livestock
population alongside their recovery rate, showing the number of livestock that, while
not exhibiting symptoms, recover over time. This recovery may be attributed to the
ingestion of certain grasses that unknowingly contain medicinal properties beneficial to
the animals' health. Tracking the recovery rate in asymptomatic livestock offers
valuable insights into the role of natural remedies and their potential contribution to
disease management in livestock populations. Figure 7 underscores the critical risk
posed by infected vectors transmitting diseases to vulnerable livestock, which
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exacerbates endemic conditions within the system when effective interventions are
lacking. It highlights the livestock population's vulnerability to vector-borne infections
and the urgent need for proactive, comprehensive measures to curb their spread and
minimize their adverse effects. The figure stresses the importance of implementing
timely and targeted actions, such as vector control strategies, vaccination campaigns,
early detection of infected livestock, and improved livestock management practices, to
safeguard the health and welfare of susceptible animals and reduce the economic impact
of disease outbreaks.
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Figure 5. Symptomatic population with recovery ratec, =0.3, 0.5&1.0

ANNBTONTENER

WO HmNAmNaN

T T T u
il 10 20 30
Time (1) inDays

[— &=-n2s G=0.7 c=1.0]

Figure 6. Asymptomatic population with recovery rate o:L =0.250.7&1.0

QUANTUM JOURNAL OF ENGINEERING, SCIENCE AND TECHNOLOGY 5(4): 132-150.
eISSN: 2716-6341
www.gjoest.com



Adesola et al.: Mathematical analysis of integrated control measures mitigating Rift Valley fever spread in livestock.
- 147 -

(=]

MO MNmSNNmOLoe
. o
=1
=

1] 10 20 30
Time (t) in Days

[— ¢=02s ¢=0.7 =10]

Figure 7. Susceptible livestock with biting rate ¢ =0.25 0.7 & 1.0

Conclusion

In conclusion, mitigating the impact of Rift Valley fever on livestock populations
requires a comprehensive and proactive approach. Key strategies include the early
detection and isolation of both asymptomatic and symptomatic infected animals, the
implementation of strategic management practices, and the establishment of robust
surveillance mechanisms. Veterinary practitioners play a critical role in leading and
executing these strategies, ensuring the health and sustainability of livestock farming
operations. By prioritizing these proactive measures, stakeholders can effectively reduce
the adverse effects of Rift Valley fever on livestock, thereby enhancing agricultural
resilience and sustainability.

Acknowledgement
This research is self-funded.

Conflict of interest

The authors confirm that there is no conflict of interest involve with any parties in
this research study.

REFERENCES

[1] Adesanya, A.O., Olopade, I.A., Akanni, J.O., Oladapo, A.O., Omoloye, M.A. (2016a):
Mathematical and Sensitivity Analysis of efficacy of condom on the dynamical
transmission of Gonorrhea disease. — flmperial Journal of Interdisciplinary Research
(NIR) 2(11): 368-375.

[2] Adesanya, A. O., Olopade, I.A., Akinwumi, T.O., Adesanya, A.A. (2016b): Mathematical
Analysis of Early Treatment of Gonorrhea Infection. — American International Journal of
Research in Science, Technology, Engineering & Mathematics AIJRSTEM 15(2): 16-
244.

QUANTUM JOURNAL OF ENGINEERING, SCIENCE AND TECHNOLOGY 5(4): 132-150.
eISSN: 2716-6341
www.gjoest.com



[3]

[4]

[5]

[6]

[7]

[8]

9]
[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

Adesola et al.: Mathematical analysis of integrated control measures mitigating Rift Valley fever spread in livestock.
-148 -

Adesola, O.l., Oloruntoyin, S.S., Emmanuel, P.M., Temilade, M.l., Adeyemi, A.G.,
Oladele, A.S., Mamman, A.U., Kareem, A.A. (2024a): Mathematical Modelling and
Analyzing the Dynamics of Condom Efficacy and Compliance in the Spread of
HIV/AIDS. — Asian Research Journal of Current Science 6(1): 54-65.

Adesola, O.1., Temilade, M.l., Emmanuel, P.M., Oladele, A.S., Adeyemi, A.G., Sunday,
S., Olumuyiwa, A.S. (2024b): Mathematical Analysis of Optimal Control of Human
Immunodeficiency Virus (HIV) Co-infection with Tuberculosis (TB). — Asian Research
Journal of Current Science 6(1): 23-53.

Adewale, S.O., Olopade, I.A., Adeniran, G.A., Mohammed, I.T., Ajao, S.O. (2015a):
Mathematical Analysis of effects of isolation on Ebola transmission Dynamics.
Resarchjournalis. — Journal of Mathematics 2(2): 1-20.

Adewale, S.0O., Olopade, I.A., Adeniran, G.A., Ajao, S.O. (2015b): Mathematical
modelling and sensitivity analysis of HIV-TB co-infection. — Journal of advances in
Mathematics 11(8): 5494-5519.

Adewale, S.O., Olopade, I.A., Ajao, S.O., Adeniran, G.A. (2015c): Mathematical analysis
of diarrhea in the presence of vaccine. — International Journal of Scientific and
Engineering Research 6(12): 396-404.

Adewale, S.O., Olopade, I.A., Ajao, S.O., Mohammed, I.T. (2016): Mathematical
analysis of sensitive parameters on the dynamical spread of HIV. — International Journal
of Innovative Research in Science, Engineering and Technology 5(5): 7624-7635.
Adeyeye, A.A., Ekong, P.S., Pilau, N.N. (2011): Rift Valley fever: the Nigerian story. —
Veterinaria Italiana 47(1): 35-40.

Ajao, S., Olopade, 1., Akinwumi, T., Adewale, S., Adesanya, A. (2023): Understanding
the transmission dynamics and control of HIV infection: A mathematical model
approach. — Journal of the Nigerian Society of Physical Sciences 5: 1389-1389.
Akinwumi, T.O., Olopade, I.A., Adesanya, A.O., Alabi, M.O. (2021): A mathematical
model for the transmission of HIV/AIDS with early treatment. — Journal of Advances in
Mathematics and Computer Science 36(5): 35-51.

Ba, Y., Diallo, D., Kebe, C.M.F., Dia, I., Diallo, M. (2005): Aspects of bioecology of two
Rift Valley fever virus vectors in Senegal (West Africa): Aedes vexans and Culex
poicilipes (Diptera: Culicidae). — Journal of Medical Entomology 42(5): 739-750.

Bird, B.H., Ksiazek, T.G., Nichol, S.T., MacLachlan, N.J. (2009): Rift Valley fever virus.
— Journal of the American Veterinary Medical Association 234(7): 883-893.

Bird, B.H., McElroy, A.K. (2016): Rift Valley fever virus: Unanswered questions. —
Antiviral Research 132: 274-280.

Chamchod, F., Cosner, C., Cantrell, R.S., Beier, J.C., Ruan, S. (2016): Transmission
dynamics of Rift Valley fever virus: effects of live and killed vaccines on epizootic
outbreaks and enzootic maintenance. — Frontiers in Microbiology 6: 15p.

Chitnis, N., Hyman, J.M., Manore, C.A. (2013): Modelling vertical transmission in
vector-borne diseases with applications to Rift Valley fever. — Journal of Biological
Dynamics 7(1): 11-40.

EFSA Panel on Animal Health and Welfare (EFSA AHAW Panel), Nielsen, S.S.,
Alvarez, J., Bicout, D.J., Calistri, P., Depner, K., Drewe, J.A., Garin-Bastuji, B.,
Gonzales Rojas, J.L., Schmidt, C.G., Herskin, M. (2021): Scientific Opinion on the
assessment of the control measures of the category A diseases of Animal Health Law:
Highly Pathogenic Avian Influenza. — Efsa Journal 19(1): 73p.

Fawzy, M., Helmy, Y.A. (2019): The one health approach is necessary for the control of
Rift Valley fever infections in Egypt: A comprehensive review. — Viruses 11(2): 24p.
Fischer, E.A., Boender, G.J., Nodelijk, G., De Koeijer, A.A., Van Roermund, H.J. (2013):
The transmission potential of Rift Valley fever virus among livestock in the Netherlands:
a modelling study. — Veterinary Research 44: 1-13.

QUANTUM JOURNAL OF ENGINEERING, SCIENCE AND TECHNOLOGY 5(4): 132-150.
eISSN: 2716-6341
www.gjoest.com



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Adesola et al.: Mathematical analysis of integrated control measures mitigating Rift Valley fever spread in livestock.
-149 -

Gachohi, J.M., Njenga, M.K,, Kitala, P., Bett, B. (2016): Modelling vaccination strategies
against Rift Valley fever in livestock in Kenya. — PLoS Neglected Tropical Diseases
10(12): 22p.

Gaff, H., Burgess, C., Jackson, J., Niu, T., Papelis, Y., Hartley, D. (2011): Mathematical
model to assess the relative effectiveness of Rift Valley fever countermeasures. —
International Journal of Artificial Life Research (IJALR) 2(2): 1-18.

Jupp, P.G., Kemp, A., Grobbelaar, A., Leman, P., Burt, F.J., Alahmed, A.M., Mujalli,
D.A., Khamees, M.A., Swanepoel, R. (2002): The 2000 epidemic of Rift Valley fever in
Saudi Arabia: mosquito vector studies. — Medical and Veterinary Entomology 16(3): 245-
252.

Kanouté, Y.B., Gragnon, B.G., Schindler, C., Bonfoh, B., Schelling, E. (2017):
Epidemiology of brucellosis, Q fever and Rift Valley fever at the human and livestock
interface in northern Céte d’Ivoire. — Acta Tropica 165: 66-75.

Kasari, T.R., Carr, D.A., Lynn, T.V., Weaver, J.T. (2008): Evaluation of pathways for
release of Rift Valley fever virus into domestic ruminant livestock, ruminant wildlife, and
human populations in the continental United States. — Journal of the American Veterinary
Medical Association 232(4): 514-529.

Mehmood, Q., Irfan, M., Ogunkola, 1.0., Jaguga, F., Ullah, 1. (2021): Rift Valley fever
and COVID-19 outbreak in Kenya: a double whammy. — Ethics, Medicine, and Public
Health 19: 3p.

Métras, R., Fournié¢, G., Dommergues, L., Camacho, A., Cavalerie, L., Mérot, P.,
Keeling, M.J., Cetre-Sossah, C., Cardinale, E., Edmunds, W.J. (2017): Drivers for Rift
Valley fever emergence in Mayotte: A Bayesian modelling approach. — PL0oS Neglected
Tropical Diseases 11(7): 19p.

Mpeshe, S.C., Haario, H., Tchuenche, J.M. (2011): A mathematical model of Rift Valley
fever with human host. — Acta Biotheoretica 59(3-4): 231-250.

Musibau, O., Muritala, A.A., lsaac, A.O., Adelani, O.A., Akeem, 0O.Y. (2022):
Mathematical analysis of sensitive parameters due to dynamic transmission of Ebola virus
disease. — Comprehensive Research and Reviews in Multidisciplinary Studies 1(01): 001-
016.

Nanyingi, M., Munyua, P., Kiama, S., Muchemi, G., Thumbi, S., Bitek, A., Bett, B.,
Muriithi, R., Njenga, M. (1931): A systematic review of Rift Valley Fever epidemiology.
— Infection Ecology & Epidemiology 12p.

Oguntolu, F.A., Yavalah, D.W., Udom, C.F., Peter, O.J., Oshinubi, K. (2022):
Mathematical modelling for the transmission dynamics of Rift Valley fever virus with
human host. — Jambura Journal of Mathematics 3(1): 17-22.

Olopade, A.l., Adesanya, A.O., Akinwumi, T.0O. (2021a): Mathematical transmission of
SEIR epidemic model with natural immunity. — Asian Journal of Pure and Applied
Mathematics 3(1): 19-29.

Olopade, I.A., Adewale, S.0., Muhammed, I.T., Adeniran, G.A., Ajao, S., Ogunsola,
AW. (2021b): Effect of effective contact tracing in curtaining the spread of Covid-19. —
Asian Journal of Research in Biosciences 3(2): 161-177.

Olopade, I.A., Adesanya, A.O., Mohammed, I.T., Afolabi, M.A. (2017): Mathematical
analysis of the global dynamics of an SVEIR epidemic model with herd immunity. —
International Journal of Science and Engineering Investigations 6(10): 141-148.

Olopade, I.A., Adewale, S.O0., Mohammed, I.T., Ajao, S.O., Oyedemi, O.T. (2016):
Mathematical analysis of the role of detection in the dynamical spread of HIV-TB Co-
infection. — Journal of Advances in Mathematics 11(10): 5715-5740.

Olopade, I.A., Ajao, S.0O., Adeniran, G.A., Adamu, A.K., Adewale, S.O., Aderele, O.R.
(2022): Mathematical Transmission of Tuberculosis (TB) with Detection of Infected
Undetected. — Asian Journal of Research in Medicine and Medical Science 4(1): 100-119.

QUANTUM JOURNAL OF ENGINEERING, SCIENCE AND TECHNOLOGY 5(4): 132-150.
eISSN: 2716-6341
www.gjoest.com



[36]

[37]

[38]

[39]

[40]

[41]

[42]

Adesola et al.: Mathematical analysis of integrated control measures mitigating Rift Valley fever spread in livestock.
- 150 -

Pedro, S.A., Abelman, S., Ndjomatchoua, F.T., Sang, R., Tonnang, H.E. (2014): Stability,
bifurcation and chaos analysis of vector-borne disease model with application to rift
valley fever. — PloS One 9(10): 19p.

Pedro, S.A., Abelman, S., Tonnang, H.E. (2016): Predicting Rift Valley fever inter-
epidemic activities and outbreak patterns: insights from a stochastic host-vector model. —
PLoS Neglected Tropical Diseases 10(12): 26p.

Pepin, M., Bouloy, M., Bird, B.H., Kemp, A., Paweska, J. (2010): Rift Valley fever virus
(Bunyaviridae: Phlebovirus): an update on pathogenesis, molecular epidemiology,
vectors, diagnostics and prevention. — Veterinary Research 41(6): 40p.

Philemon, M.E., Olopade, I.A., Ogbaji, E.O. (2023): Mathematical Analysis of the Effect
of Quarantine on the Dynamical Transmission of Monkey Pox. — Asian Journal of Pure
and Applied Mathematics 5(1): 473-492.

Sissoko, D., Giry, C., Gabrie, P., Tarantola, A., Pettinelli, F., Collet, L., D’Ortenzio, E.,
Renault, P., Pierre, V. (2009): Rift valley fever, Mayotte, 2007-2008. — Emerging
Infectious Diseases 15(4): 568-570.

Turell, M.J., Rossi, C.A., Bailey, C.L. (1985): Effect of extrinsic incubation temperature
on the ability of Aedes taeniorhynchus and Culex pipiens to transmit Rift Valley fever
virus. — The American Journal of Tropical Medicine and Hygiene 34(6): 1211-1218.
World Health Organization (WHO) (2018): Rift Valley fever. — WHO 8p.

QUANTUM JOURNAL OF ENGINEERING, SCIENCE AND TECHNOLOGY 5(4): 132-150.
eISSN: 2716-6341
www.gjoest.com



