Annals of Mathematics and Computer Science ISSN: 2789-7206
Vol 25 (2024) 1-18 https://doi.org/10.56947 /amcs.v25.361

MATHEMATICAL ANALYSIS OF THE EFFECTS OF
PRECARIOUS HEALTH SYSTEM ON COVID-19
TRANSMISSION DYNAMICS: CASE OF BURKINA FASO

OUSMANE KOUTOU*, KOMI AFASSINOU? ADAMA OUEDRAOGO?,
AND ABOU BAKARI DIABATE*

ABSTRACT. In the early moments of the pandemic of coronavirus disease 2019
(COVID-19), the level of effectiveness in treatment and management of patients
was limited due to the lack of effective medications and adapted infrastructures
in several countries especially in most developing countries. In this study, we
propose an SIR-pattern model to investigate the epidemiological effect of delay
in hospitalization and case managements. After computing the basic reproduc-
tion number thanks to the Next Generation Matrix method, we proved that
the model has a locally asymptotically stable disease-free equilibrium whenever
the basic reproduction number is less than one, and condition which ensure the
appearance of two endemic equilibria indicating the possibility of having back-
ward bifurcation is determined. When the basic reproduction number exceeds
one, Lyapunov functional technique is used to establish the global stability of
the unique endemic equilibrium point. Also, we presented a local sensitivity
analysis that gives better understanding of the role of each model parame-
ter appearing in the basic reproduction number. Numerical simulation of the
model is also performed to corroborate the analytical results. Finally, we fit-
ted our model by using reported data for Burkina Faso, and the results showed
that it can be used for predicting the disease outcomes.

1. INTRODUCTION AND PRELIMINARIES

The COVID-19 pandemic has threatened to collapse hospital and intensive care
services, and has affected care programs for both COVID-19 and non-COVID-
19 patients. Epidemic activity was not constant, but was concentrated in some
waves, which were artificially broken by lockdowns and other social distancing
measures [1, 3, 13]. Moreover, since the outbreak of disease, researchers have
put their energy to finding ways on how to control the pandemic. Therefore,
apart from the stay-at-home, the contact tracing and the isolation of infected in-
dividuals, several other control measures have been explored such that awareness
campaigns through media coverage [15, 25, 30], the use of some imperfect vac-
cines, treatment, etc [15, 21, 39]. Meanwhile, it should be noted that COVID-19
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has not affected all hospital services to the same extent. In France, for exam-
ple, the most requested hospital activities in 2020 were the digestive care and
orthopaedic trauma services, which together account for a quarter of total hos-
pitalizations. While COVID-19, being a respiratory disease, has mainly affected
the pulmonology department, as well as resuscitation for those with severe forms
of the disease [4, 26, 28]. If we look at these services, we see that the impact
of COVID-19 is much greater than what the total hospitalizations given in a re-
port from the Technical Information Agency on hospitalization might lead us to
believe. Thus, coronavirus patients represented 18% of hospital stays in inten-
sive care and in pulmonology departments, while the impact of the epidemic was
concentrated mainly over two months, [3, 25, 27].

As for Burkina Faso, when the first case of COVID-19 was reported on March
9, 2020, the country had already been experiencing a complex humanitarian and
security crisis for more than 5 years [2, 16, 21]. The increase in violence and
insecurity caused by armed insurgent groups is now disrupting the lives of about
2.2 million people and has resulted in the displacement of more than a million
civilians. In a context where populations have fled conflict zones, the demand
for health services has continued to grow, as attacks have reduced the number
of operational health facilities [4, 16, 17]. In September 2020, in fact, 95 health
establishments were closed, or 85% of the infrastructures in the 6 regions hit by
insecurity. Weaknesses in the health system, notably due to poor data manage-
ment and the overall inadequacy of emergency health services, including for the
COVID-19 response, have prevented the provision of good quality health services
(2, 20, 38]. Motivated by the aforesaid studies, in this work we propose and
examine a new mathematical model with a saturated treatment rate to better
understand the consequences related to the delay in care due to the weakness
of health system in general and more accurately in Burkina Faso, during the
pandemic of COVID-19.

Several mathematical studies have taken into account the saturation of treat-
ments in COVID-19 case due to varied reasons from one geographical area to
another. Indeed, R. T. Algahtani et al. in [6] analysed the dynamics of COVID-
19 in Saudi Arabia using a mathematical model with a constant vaccination rate,
a saturated treatment function and a saturated incidence rate. Their SEIR-type
model was fitted to the spread of COVID-19 using data collected in Saudi Arabia.
They showed that their model can exhibit both Hopf and backward bifurcation,
and studied the effects of the vaccination rate and treatment function parameters
on the disease dynamics. J. K. Ghosh et al. in [14] proposed a epidemiological
model of SEQIR-type to describe the dynamics of COVID-19 in Italy. Infections
occur according to a standard incidence function, and they use a saturated treat-
ment rate to take into account the limitation of patient care due to the rapidity
of infections. They perform an optimal control study to evaluate the impacts of
adapting lockdowns to maintain social distancing on the dynamics of the pan-
demic. Also, Furthermore, D. A. Oluyori et al. in [32], carried out a Backward
and Hopf bifurcation study of a SEIRS-type model of the COVID-19 epidemic.
They use a saturated incidence function and a saturated treatment response, due
to the limited availability of medical resources favoring the emergence of complex
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dynamics that complicate disease control. The parameter values used for the nu-
merical simulations were adapted in reported data in Nigeria during COVID-19
pandemic outbreak. In addition, P. Saha et al. in [35], developed a SEQAIHR-
type model adjusted with real data of COVID-19 infection in Hong Kong from
December 19, 2021 to April 3, 2022. Due to limited medical facilities, they used
saturated treatment. A mathematical study of the model was carried out for a
better understanding of COVID-19 transmission in Hong Kong in 2022, and for
the development of optimal control strategies considering vaccination and satu-
rated treatment of hospitalized people. Other mathematical studies have tried
to highlight various aspects during COVID-19 disease manifestation in several
countries, sometimes using saturated incidence functions and/or saturated treat-
ments. We have designed in this manuscript, a simple mathematical model of the
SIR type for COVID-19 dynamics, which particularity mainly lies in the following
points:

e the inclusion of a proportion p of immunised individuals in the recruit-
ment,

e infections occur through a linear incidence function,

e symptomatic and asymptomatic infectious persons are considered in the
same compartment I,

e consideration of a saturated treatment of symptomatic hospitalized people
in order to take into account the weakness of health systems in the face
of the COVID-19 pandemic,

e taking into account natural recovery with good immunity against the virus
through the parameter 7,

e consideration of a parameter ¢ to take account of naturally recovered indi-
viduals with low immunity against the coronavirus and/or people wrongly
diagnosed as having COVID-19,

e the model is fitted with real data collected in Burkina-Faso during the
COVID-19 pandemic, from 11 March to 14 December 2020.

After this short introduction to set the context, the rest of the paper is orga-
nized as follows: Section 2 is devoted to the model formulation. In Section 3,
we proposed some mathematical analysis of the model; more precisely, we assess
the well-posedness, the stability results of the steady states, the bifurcation and
sensibility analysis of the model parameters according to the basic reproduction
number. In Section 4 is proposed some data fitting and numerical simulation in
order to corroborate our theoretical results and also to make the model useful for
predicting the disease outcomes. And Section 5 is meant for concluding remarks.

2. MODEL FORMULATION

In this work, we have split the human population into three states that is,
susceptible persons S(t), COVID-19 infectious individuals I(¢) and the compart-
ment R(t) of COVID-19 cured and immunised persons. Therefore, the human
total population is given by N(t) = S(t) + I(t) + R(t). All the model parameters
are non-negative and defined as follows: A is the recruitment rate (newborns and
immigrants) with a proportion p of people immunised against COVID-19; 3 is the
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disease transmission rate; ¢ is the rate of infectious persons that, after recovering
without treatment, become susceptible due to a low immunity; ~ is the rate of
infectious people recovered without treatment with a certain immunity against
COVID-19, and then enter the immunized compartment; the disease induced
mortality rate is d ; p is the natural mortality rate; p represents the saturation
factor, measuring the effect of a delayed in patients management in hospitals; r is
the cure rate by treatment when there is no delay in the management of infected
people in hospital, p = 0, and /(1 + pI) is the cure rate for any value of p. The
quantity .# (1) = r1/(1+ pI) represents the number of people cured by treatment
and tends to r/p when a very large number of people is infected, these people
enter the compartment of cured and immunised people [31, 33]. The flowchart of
the model is illustrated by Figure 1, from which we draw the model system (2.1).

FiGURE 1. Compartmental representation of the COVID-19 trans-
mission dynamics.

S = (1 —p)A + 61 — BST — S
I'=pBST— (0 +y+d+pu)l—F() (2.1)
R =pA+~I+ F(I) — uR.

3. MATHEMATICAL ANALYSIS

3.1. Well-posedness.
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e Existence and uniqueness of solutions
Let X(t) = (S,I,R). The initial conditions problem with respect to
system (2.1) reads as follows

X'(t) = G(X(1)),
{ X(to) = Xo, (3.1)

where the function G(X()) is the right hand side of system (2.1).

Since G(X (t)) is C™, it is locally Lipschitzian on R3. Therefore, the
existence and the uniqueness of the Cauchy problem (3.1) is ensured by
Cauchy-Liptchitz’s theorem [40, 36, 41].

e Positivity of solutions

In this part, we prove that under non-negative initial conditions, the

model solutions are positive.

Theorem 3.1. Consider Sg > 0, Iy >0, Ry > 0. The solution of system
(2.1) with respect to (S(0),1(0), R(0)) = (So, Lo, Ro) is non-negative, that
is, S(t) > 0,1(t) > 0,R(t) >0 fort > 0.

Proof. Let X(t) = (S(t),1(t), R(t)) be the solution of (2.1) under initial
non-negative conditions Xy = (5(0), 1(0), R(0)) = (So, 1o, Ro)-

By the continuity of solution, for all S(t),1(t), R(t) that have positive
initial condition values at ¢ = 0, we have the existence of an interval (0, )
such that S(t) > 0,1(t) > 0,R(t) > 0 for 0 < t < to. We will prove that
to = OQ.

If S(t;) =0 for t; > 0 and I(t), R(t) stay positive at ¢ = t1, then

S'(t)|i=t, = (1 —p)A+6I(t;) > 0.

This ensures that at any time the solution reaches the axis, its derivative
increases, and the function S(¢) does not cross to negative part.

Similarly,
I(t;) = 0 implies that I'(t)4=y, = 0,
and
T[(tl)
t1) = 0 leads to R'(t)|,—t, = pA +~I(t _—
R(t1) = 0 leads to R'(t)|i=, = pA +~I(t1) + 15 pl(ty) =

Therefore, X (t) never crosses the axes S = 0,1 = 0, R = 0 when it touches
them. Thus, for any non-negative initial conditions, all equation solutions
remain non-negative. 0

Theorem 3.2. Let (S(t),I(t), R(t)) be the solution of system (2.1) with the initial
conditions (So, Iy, Ro). The compact set

= {(S(t), I(t), R(t)) € R® : 0 < S(t) + I(t) + R(t) < %}

containing it, is positively invariant and attracts all positive orbits in R .
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Proof. Indeed, N'(t) = A — uN(t) — dI(t) < A — uN(t) since dI(t) > 0. Thanks
to Birkhoff and Rota theorem [8, 37, 42], 0 < N(t) < é Hence, the set I is
positively invariant and attractive for model (2.1). 8 O

3.2. Model steady states. The model (2.1) admits a unique infection-free equi-
librium given as

1—pA A
£0 _ (&’0’ p_) _ (3.2)
1 1
And, thanks to the next-generation matrix, we get the basic reproduction number
1—p)A
Ry = — 1 =P) (3.3)

T uFytdtptr)

Putting the right-hand side of the system (2.1) to zero, one obtains the endemic
equilibrium point as

5*:((1—p)A+5l*7I*7pA—|—7]*+ rl* ) (3.4)
A+ BI t (1 + pl*)
where [* satisfies the following quadratic equation

a(I*)? +bI* 4+ ¢ =0, (3.5)
with

a=p3(y+d+u)p,
b=(6+y+d+p)(B+pp)+rB8—B(1—p)pA—js,
c=pd+v+d+p+r)(1-"R).
As a > 0, knowledge of the sign of b, ¢ and A = b? —4ac is necessary to determine
the number of endemic equilibria. The value of Ry which sets A to zero denoted
RS is given by:
b2
Cdpa O+ +d+p+r)

The different cases are then summarised as follows:

RS =1

Theorem 3.3. Model (2.1) admits :

(1) a unique endemic equilibrium if ¢ <0 (i.e. Ry > 1),
(17) a unique endemic equilibrium if ¢ =0 (i.e. Ry =1) and b < 0,
(i13) a unique endemic equilibrium if ¢ > 0 (i.e. Rop < 1), b < 0 and A =
0 (Z@ R(] - ROC),
(iv) two endemic equilibria if ¢ > 0 (i.e. Ry < 1), b <0 and A >0 (i.e. Ry >
ROC)7

(v) no endemic equilibrium in all the other cases.

3.3. Stability results of the infection-free point.
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3.3.1. Local stability of E°. At the infection-free equilibrium, the Jacobian matrix
is given by

1—pA
— _@4_5 0
Mo = 0 (+~v+d+p+7r)(Ro—1) 0 (3.6)
0 Y+ — [

and then the characteristic polynomial is given as follows
P\) =det(Mo—A3) = A+ p)* (0+y+d+p+r)(Ro—1)—A).

That leads to the following eigenvalues: A = —p or A = (§+y+d+pu+7r)(Ro—1).
Therefore, the following result holds

Theorem 3.4. If Ry < 1, then the infection-free equilibrium E° is locally asymp-
totically stable.

3.3.2. Global stability of £°. In order to analyse the global stability of £°, we
consider the following threshold parameter

BA ‘
u<5+’y+d+u+(m>)

Ro <Xy, so Hy<l=TRy<l.

Ky =
It is easy to see that

Theorem 3.5. If Z; < 1 the infection-free equilibrium is globally asymptotically
stable in I

Proof. From % < 1, we have

BA r
7—(5+’7+d+u)—m<0.

By considering the infected compartment, let consider this Lyapunov candidate
L =1 (3.7)
It is obvious to see that %} is equal to zero at £° and positive elsewhere. Also,

rl

[ =1"=pST— (0 d I — :
=z PSI=(0+ytd+ml = =7

Since N < é, then S < é and [ < é Thus
1t 1t I

BA

X{S(I—(5+v+d+u)— <0.

r ) I
L+ (pA/p))  —
Furthermore L' = 0 if and only if / = 0. The largest compact invariant set in
{(S,I,R) € T /%] = 0} is the singleton {£"}. Therefore, by the Lasalle-Lyapunov
theorem [18, 24], every solution that starts in I approaches £° as t — co. Then
&Y is globally asymptotically stable whenever Z; < 1. 0J
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3.4. Bifurcation analysis. Forward and backward bifurcation play an impor-
tant role in epidemic models. As for forward bifurcation with respect to Ry occurs
when near the critical value Ry = 1, for Ry < 1 only the disease-free equilibrium
exists and it is locally asymptotically stable, while for Ry > 1 besides the disease-
free equilibrium, which is unstable, there exists a locally asymptotically stable
endemic equilibrium [12, 22, 30]. Yet, backward bifurcation with respect to Ry
occurs when near the critical value Ry = 1, for Rg < 1 besides the disease-free
equilibrium, which is locally asymptotically stable, there exists an endemic equi-
librium which is unstable, while for Ry = 1 the endemic equilibrium collides with
the disease-free equilibrium and disappears while the disease-free equilibrium be-
comes unstable for Ry > 1. When backward bifurcation occurs, even if control
measures reduce Ry slightly below one, the disease will not disappear by itself.
Additional effort is necessary for the elimination of the disease [9, 12, 37]. Due to
the importance of this phenomenon to epidemic modelling, numerous of methods
that give necessary and sufficient conditions in ODE models have been proposed
[5, 29]. Most important of those is a result based on the Center Manifold Theory
that provides criteria to derive conditions for backward bifurcation [9, 10, 12, 30].
In this study, the conditions Ry < R§ < 1 or Ry = 1 and b > 0 are necessary to
eradicate the disease. Moreover, by using the central manifold theory, we draw
sufficient conditions to obtain a backward bifurcation when R = 1.

Let 1y = S, 29 =1, 23 = R, ¥ = (71,72, 23)", model (2.1) can be rewritten

ry = fi(r) = (1 —p)A — Brixe + dxe — pay
()
1+ pxy

:[;/2 = fz(l') = 5.1'1.1'2 - 5%2 — VT2 — de - — KX (38)

rTo
= f3(x) = pA + vy +
\ 3 fs(z) =p Y2 1+ prs

— K3

or using the simple expression

= f(x), f=(fi,[2 f3)

Consider now the situation where Ry = 1, and by considering § = §* as the
bifurcation parameter, we obtain

O+y+d+p+r)
(1=p)A

The Jacobian matrix M, at the infection-free equilibrium &Y given above, and
denoted Mj when 3 = [*, has a simple zero eigenvalue and the real part of
each of the other eigenvalues is negative. Therefore, the model (2.1) dynamics
can be analysed using the central manifold theory [9, 10, 12, 30]. Particularly,
we apply Theorem 7, in [30], also stated in [10]. Consider w = (wy,ws,w3)T a
right eigenvector corresponding to the zero eigenvalue of Mj i.e. Miw = 0. The
calculation gives

B*:N

d
o= AWy and wy = O

ft I
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Also, suppose that v = (v, v9,v3) is a left eigenvector corresponding to the zero
eigenvalue of M, i.e. vM{ = 0, we obtain
v1 =0, vy = vy and v3 = 0.

Now, we have to calculate

’ & - &
o = Z vkwiwj—k (80,5*) and 4 = Z VpW; - (5075*)~

ki gl 81’18% kel 8%86]”
Rigorous computations give
11— A
o = 2uwyrp (1 — #) and B = (1= peawsd > 0,

1
where

(Y+d+p+r)0+y+d+p+r)

(1—p)rpA
Thus we can draw the following result

%:

Theorem 3.6. Model (2.1) undergoes a backward bifurcation at Ry = 1 whenever
o/ >0 (i.e. Z < 1) and a forward bifurcation whenever of <0 (i.e. Z > 1).

We have presented in the Figure 2 the curves illustrating the bifurcation phe-
nomenon of model (2.1). The values (of the parameters) common to the two Sub-
figures are: p = 0.4, § = 042, p = 0.0425, v =2/7, d = 0.1746, r = 2.5, p =
0.12, v =1 and w3 = 1. On the one hand, taking A = 100 and § = 0.00229, we
have obtained .7 = 0.2574 > 0 and % = 1411.76 > 0, the conditions of the back-
ward bifurcation being satisfied, Sub-figure (a) is obtained. On the other hand,
the forward bifurcation presented by Sub-figure (b) is obtained for A = 57 and
£ = 0.004299, the calculation gives &/ = —0.001057 < 0 and % = 804.7059 > 0.
These two Sub-figures allow us to illustrate Theorem 3.6

@

Stable EE

=]

COVID-19 infectious I(f)
COVID-19 infectious I(f)

o

I
|
10 |
I

0 Stable DFE Unstable DFE 0 STilLe DFE Unstable DFE
o 02 04 06 Rc08 1 12 14 16 18 2 o 02 04 06 08 Re=1 12 14 16 18 2
Basic reproduction number R'J Basic reproduction number R'J
Sub-figure (a) Sub-figure (b)

FIGURE 2. Simulation of model (2.1) to illustrate the occurrence
of backward and forward bifurcations.

Theorem 3.7. The endemic steady state of model (2.1) existing at Ro > 1 is
globally stable in the interior of I



10 0. KOUTOU, K. AFASSINOU, A. OUEDRAOGO, AND A. B. DIABATE

Proof. The proof is based on using Lyapunov function. Consider the following
Lyapunov candidate:

Z(S, I,R)==[(S—S)+(I-I")+ (R—- R’ (3.9)

1
2
It is clear that for all (S, 1, R) € (R%)*, %(S, I, R) > 0 and %(S*,I*, R*) = 0.
Now, the derivative of % is giving by
LS, ,R) = [(S+I+R)—(S*+I"+ R (S+IT+R)
= (N—=N")(A—puN —dI)
< (N—=N*)(A—puN) since dI >0
A
a3 )

!

A
—p (N — N*)? since N* < —
0

IN

Z(S,I,R) < 0.

Also, if Rg > 1, Z5(S,I,R) =0 <= (5,1, R) = (S*,[*, R*) = &*.
Consequently, the endemic equilibrium £* is globally asymptotically stable in
the interior of I'; when R > 1 [11, 21, 23, 24]. O

3.5. Sensitivity analysis of R.

3.5.1. Sensitivity indices and diagram. Performing a sensitivity analysis helps
us to understand how changes in the model parameters will affect the disease
spreading dynamics [12, 19, 34]. And to carry out the local sensitivity analysis, a
simple approach is used to calculate the sensitivity index of each parameter that
appeared in Rq through out of the following formula [7, 21]:

Ro 87?,0 K - %ARO

Xn 8HXE_%A/€'

Therefore,
)
Ro _ Ro _ 1 Ro_ __ P Re_ _ Ro — _ B
X' = Xa s Xp 1_p,X5 5+7+d+u+r’X” O+y+d+p+r
Ro _ d Ro . Oty +d42u+r o r
- Syt d+ptr Sty +d+ptr N S+~v+d+p+r

From the expressions of the sensitivity indices and the parameter values (see
Table 1), we computed their values given in Table 1, and we also illustrated them
by the the diagram of Figure 3.

These results can be interpreted as follows: Xfo = —1,0124 means that a 1%
increase in p will lead to 1.0124% decrease in Ry, X?o = +1 means that 1% of
increase in 8 will produce 1% of increase in Ry, etc.. Thus, the parameters which
have a greater influence on Ry are u, 5, A,r and p, so the control methods must
be implemented in order to modify them accordingly [7, 21].
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Parameters Values References Dimensions Sensitivity indices

A 100 variable humans/day +1

I54 0.0062  assumed day ™! +1

d 0.1746 [19] day ! —0.0510
v 2/7 [13, 21] day™! —0.0835
5 0.42 [21] day~! —0.1227
p 0.4 assumed day ! —0.6667
r 2.5 [41, 42] day™! —0.7304
o 0.0425 [12] day™! —1.0124

TABLE 1. Parameter values and sensitivity indices for Ry.

0

oA 14
L
(]
(=)
=T I e —
G ¥ d
u
©
>
r p
“

Parameters

Sensitivity indices

F1GURE 3. Diagram of local sensitivity indices with respect to Ry.

3.5.2. Illustration of some parameters effect on Ry. Figure 4 and 5 give the evo-
lution of the basic reproduction number in 3D according to some of the model
parameter values when it is less or greater than unity, respectively.

The effect of 8 and 1 on RO<1 The effect of 3 and r on R0<1

FIGURE 4. Evolution of Ry < 1 according to some of the model
parameters in 3D.
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The effect of 8 and 1. on R0>1 The effect of 8 and r on R0>1

X 0.0062
Y25

Z2.557 /

X 0.0062
Y 0.0425

22557

The effect of 8 and § on R0>1 The effect of 8 and y on R0>1

1 | X 0.0062
3 X 0.0062 3 Y 0.2857
yjos2 22557
22557
2 2

F1GURE 5. Evolution of Ry > 1 according to some of the model
parameters in 3D.

4. DATA FITTING AND NUMERICAL RESULTS

4.1. Data fitting. In this part, our main aim is to verify the validity of our
model by only fitting the number of confirmed cases and the number of death in
Burkina Faso given in Table 2. The data used are those collected by the health
services of Burkina Faso as soon as the first cases appeared and are available
on line in the COVID-19 statistics [1, 4]. The parameters have been estimated
using the least squares method, a standard model fitting technique well known
for its efficiency and reliability [7, 26, 31], which we ran on Matlab software and
the numerical result is given by Figure 6. This method minimises the sum of
squares of errors, between the collected data A; and the values estimated in the
implementation of the method B;. The mathematical expression of the sum of
squares of errors [7, 26], denoted here ., is :

i=1

4.2. Numerical results. In this subsection, we performed some numerical sim-
ulations for model system (2.1) by considering three main cases:

e First case: setting p = 0.12 and considering some parameter values that
lead to Ry < 1 one can see that the infection-free equilibrium £° is stable (see
Figure 7). This corroborates Theorem 3.4 and 3.5, respectively.

e Second case: fixing p = 0.29 and using some parameter values that give
Ro < 1; then we observe that besides the infection-free equilibrium &£° which is
locally asymptotically stable we have an endemic equilibrium which is unstable.
This is the occurrence of backward bifurcation that is illustrated by Figure 8. As
for Figure 9, it corroborates Theorem 3.3 and 3.6, respectively.
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Days

Total cases Total Deaths

Mar. 11th 2020
Mar. 18th 2020
Apr. 2nd 2020
May 6th 2020
Jun. 1st 2020
Jul. 9th 2020
Aug. 10th 2020
Sep. 14th 2020
Sep. 30th 2020
Oct. 31st 2020
Nov. 30th 2020
Dec. 14th 2020

2
27
288
729
847
1005
1204
1717
2056
2500
2886
4209

0
1
16
48
93
53
o4
56
o8
67
68
71

TABLE 2. Fitted table of confirmed cases in Burkina Faso [, 4].

2000 -

Infected cases

Time (Days)

(a)

FIGURE 6. Fitting curves of confirmed and death cases using data

from Burkina Faso.

1200

1000

Susceptibles S(t)

COVID-19 Infect

250

Recovered from COVID-19 R(t)
8 8 8 8 8 8 8 8 8

0 60 80 100 120 10 te0 160 20
Time (Days)

w0 10 12
Time (Days)

180 200

B 10 120 140 10 180 20
Time (Days)

FIGURE 7. Simulations of model (2.1) with g = 0.00229 and p =
0.12, thus we obtain Rg = 0.9445.

13

e Third case: in the case we fix p = 1.25 and we use some parameter values
that lead to Rg > 1; therefore, we observe that the endemic £* is stable and this

corroborate Theorem 3.7.
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g
It

ceptibles S(t)
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FIGURE 8. Simulations of model (2.1) with § = 0.00229 and p =
0.29, so that Ry = 0.9445.
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FIGURE 9. Simulations of model (2.1) with f = 0.0062 and p =
1.25. We obtain Ry = 2.5572.

5. CONCLUSION

In this paper, we developed a simple SIR mathematical model of the coro-
navirus disease 2019. And by considering reported data for Burkina Faso, we
address the epidemiological effect of delay in hospitalisation that is also related
to the weakness of the health system and a complex humanitarian and security
crisis the country had been facing since 2015 [21, 38]. The basic reproduction
number of the model system R, has been computed and we have derived some
necessary conditions for the local and global stability of the model steady states.
We also performed a local sensitivity analysis of Ry, to show how each parameter
of the model is affecting the disease dynamics [12, 19, 23]. However, since the
Ro < 1 is not sufficient for the disease disappearance from the population, we
have studied the backward bifurcation and we found that p which accounts for the
delay in management is an important parameter for the bifurcation occurrence
[5, 7, 16, 32]. Our results show that the limited availability of medical resources
has favoured the emergence of complex dynamics that accelerated the outbreak
the COVID-19 disease in Burkina Faso, [17, 20]. In short, this work addresses
a critical issue related to the COVID-19 pandemic, focusing on the impact of a
precarious health system on the disease’s transmission dynamics in Burkina Faso.
The study’s relevance is heightened by its applicability to other developing coun-
tries with similar health system challenges. The COVID-19 pandemic, that has
shaken the world, remains a textbook case. Countries around the world, especially
developing ones, must be prepared for such infectious disasters,[6, 14, 21, 33, 35].
This includes strengthening health systems, strengthening collaboration between
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these systems, preparing populations to change their community habits if nec-
essary for the common good, strengthening resources and information channels,
[12, 14, 21, 35].
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