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1. Introduction

The most frequent way to model epidemic spread in populations
consist in classifying people into various population groups. Those models
are governed by a system of differential equations that follow the
population over time, dividing them into many groups based on their
infection status. The Kermack-Mckendric SIR model (susceptible-
infectious-removed) is a very well established model and is widely used
for various epidemics [15]. To do this, the SIR, SIRS and SEIR models have
been developed which highlight the crucial role played by the R
parameter, describing the average number of new infections due to a sick
individual [21, 30]. We are interested in the STHR model obtained from the
classical SIR epidemic model from which a hospitalized compartment is
added. The SIHR model appears in several research works [14, 27]. The
course of a disease depends on several parameters (infection rate, cure
rate, hospitalization rate, vaccination, etc.).

It is possible to group the sensitivity analysis methods into three
classes: screening methods, which consist of a qualitative analysis
sensitivity of the output variable to the input variables, local analysis
methods [28], which quantitatively assess the impact of a small variation
around a given value of the inputs and finally the global sensitivity
analysis methods [1, 20, 26] which are interested in the variability of the
output of the model in the whole of its range of variation. Global sensitivity
analysis studies how the variability of inputs affects that of output, by
determining how much of the variance of output is due to a given input or
set of inputs.

Indeed, by studying how the response of the model reacts to variations
in its input variables, the sensitivity analysis makes it possible to answer a
number of questions: what are the variables that most contribute to the
variability of the model response? What are the least influential variables?
Which variables, or which groups of variables, interact with which others?
To answer these questions, we use the Sobol indices. The sensitivity
analysis is used in different mathematical models [1, 20, 32]. A global
sensitivity analysis based on the chaos polynomial method is illustrated in
several works [7, 24, 31] and a sensitivity analysis using the Taylor series
method in [2]. Several articles [7, 14] have studied the sensitivity analysis
of a nonautonomous system and with random parameters.

Among the significant number of papers dealing with the COVID-19
disease, a large proportion of them are dedicated to predict the number of
infected people. For example, we can quote [25] that use a machine
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learning model (namely a Support Vector Machine model) to accurately
predict the spread of the disease. It is also worth noticing that in the
descriptive analysis performed in [3] on Indians people, the authors show
that the age of the infected people is not the most significant factor with
respect to the fatality of the disease.

The objective of this paper is to develop the stochastic collocation
method based on Lagrange polynomials to study the sensitivity analysis
in the input parameters of the nonautonomous SIHR epidemiological
model on the course of the disease with an infection rate depending on
time. The main assumption is that these parameters are not known and
they can therefore be modeled under the form of random variables having
known laws. To compute the Sobol indices, applied to the numerical
approximation of differential equations, we use the stochastic collocation
method based on the Lagrange polynomials [6]. In [16], the authors used
the stochastic collocation method based on Legendre polynomials. The
solution of the differential equation is represented by means of orthogonal’s
polynomials. The coefficients of the polynomial basis are functions of time
and can be calculated by solving a system of deterministic ordinary
differential equations.

The paper is organized as follows: in section 2, we present the model
and study the evolution of the disease with a nonautonomous infection
rate. In section 3 and 4, we present the main equations of the sensitivity
analysis together with the stochastic collocation method. In section 5, we
compute Sobol” indices to measure the weight of the random input
variables on the compartments. We simulate Sobol’indices for parameters
with uniform law for two different nonautonomous infection rate.

2. The SIHR epidemiological model

In this paper, we consider the following SIHR compartment model:

ds,

d—t’:r—,uSt -pS1,

ar, _

ﬁ—ﬂstlt (vV+u+y+all, "
dH,

d—t’:alf—(v—i-,u—i-ﬂ)Hf

&:

T yI,+AH, - uR,,

where S, (respectively, I, H, and R,) is the proportion of susceptible
(respectively, infected, hospitalized, recovered) in the population at time ¢
and with initial condition S, >0, I, >0, H >0, R, >0. We consider that
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Table 1

Parameters and their descriptions.

Notations Interpretations
T Birth rate of class S

Natural death rate

Death rate of infection

Transmission infection rate

Recovery rate of class I

Recovery rate of class H

RIS [N |™|T &

Hospitalized rate

the mortality of infected people and hospitalized people is the same. The
description of parameters is given in Table 1.

The system (1) is positive that means that the solution remains
positive for any trajectory initialized at positive conditions.

The basic reproduction number R is an epidemiological metric
used to describe the contagiousness or transmissibility of infectious
agents. This number is the average number of susceptible an infected
person will infect at the start of the epidemic. This parameter plays a
crucial role. Following [5, 11, 29], R, of the system (1) is given by

T
Ro= i P

When the parameter f don’t varies over time, the system (1) is said

to be autonomous and one can check readily that it admits two equilibrium

points. The disease-free equilibrium E; = (i, 0,0, OJ which always exists

and it is globally asymptotically stable if R <1. If R,>1, there is an
endemic equilibrium state E=(S,I',H,R) which is locally
asymptotically stable and given by (see [14]):

S = S*(Ro,a,y,l)z ‘

xRy
I'=1I (Ror“/%l)_m[l 7?0} ()
C _ ar _1
H =H ('R,O,Of,}/,ﬂr)_ (u+v+A)(u+v+y+a) (1 R{)]

o _ yr(urv+A)+ar _1
R =R (’R,O,Ol,}/,ﬂ)— w(u+v+A)(u+v+y+a) [1 T\’ﬂ]
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Taking policy interventions into account, it makes sense to assume
that the transmission rate varies over time in the SIHR model, in such case
the system is said nonautonomous. We assume that the parameter S
varies over time and would decrease with the interventions. For example,
we assume that g eC(R,[f,f"]), where 0<p <f" <wo. When the
system (1) is nonautonomous [17, 23], there is no endemic equilibrium
state but a nonautonomous equilibrium solution E; =(S,,I;,H,,R;) which

is globally asymptotically stable when £~ >w. For B =p isa

constant, we have E, =E". The corresponding R, was defined as

R=—'B= ”ﬂﬂ

u(V+u+7+a)

pfr . Bt

which varies in the interval ; .
Hv+pty+a) p(v+uty+a)

We will be interested in two infection rate. The logistic function (see
[27]) given by
- A
'Bf " T+exp(—kt) ®)
where kis the intensity of beta convergence towards f,. And the sinusoidal
function (see [4]) given by

(2
B,=p, {1+gsm[%tﬂ, (4)
where ¢ is the amplitude and T the period.

2.1 Parameter estimation and simulations

The COVID-19 virus is a new virus linked to the same family of
viruses as Severe Acute Respiratory Syndrome (SARS) and some types of
common cold [8, 18, 19].

This epidemic is deadlier than the 21st century seasonal flu epidemics
in France. You have to go back to 1957-1958 and 1968-1969 to find epidemics
of seasonal that claimed more lives in France than COVID-19. As of 19
November 2020, the reports related to COVID-19 in medico-social
establishments published daily by the National Public Health Agency
show a total of 47,127 deaths and 2,086,288 confirmed positive cases by
polymerase chain reaction (PCR) test.
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Table 2
Parameters estimations.
Parameter value: 01 October 15 November

T 714000/64821954=0.011
H 599000/64821954=0.00924
v 0,0002
Y 0.423254705
A 0.05732
a 0.0336454691

The total population in France is 64821957. According to the report
cases about COVID-19 infection at 01th October 2020, we can see that:

S, = 64806884 / 64821957,1, =13970 / 64821957, H, = 626 / 64821957,
R, =474/ 64821957.

We have estimated the main model parameters using the French
cases of infection going from 01th october to 20th November 2020 as shown
in Table 2. For the estimation of the parameters, we considered the average
of each parameter over the number of days.

R, is computed with a population that is totally susceptible to be
infected. It takes into account three factors: the risk of contracting the virus
by contact, the number of contacts in a unit of time and the number of
days during which an infected person stays contagious. For a highly
contagious virus such as the coronavirus, R, can reach a value of three or
more. R, can also varies according to population density, susceptibility
and other factors.

In Figures 1 and 2, we consider the sinusoidal transmission rate (4)
for two differentbasicreproductionrate R\” =3 inFigureland R =0.95

03

—

Evolution of SIHR model
Evolution of INFECTED and HOSPITALIZED
°
@

Figure 1

Evolution of the system with sinusoidal rate: R\" =3, ¢=0.1.
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in Figure 2. The logistic transmission rate (3) is considered in Figures 3
and 4.
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Evolution of the system with sinusoidal rate: R =0.95, £=0.1.
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Evolution of the system with logistic rate: R\” =3 and k=1.5.
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Evolution of the system with logistic rate: R =0.95 and k=15.

In Figures 1 and 3, we see exactly the same evolution of the system
with two different transmission rates. We notice that there will be one
wave after 13 days. In these Figures, we observe that the susceptible
population is decreasing with time and more people are getting exposed.
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As the number of infected people is increasing, the disease spreads to a
large part of the population in a very short period of time. This is confirmed
by analyzing the infected population dynamics which shows that it grows
faster in the first twenty days.

In Figures 2 and 4, for R® =0.95<1, we note that the population
increases almost linearly and that the number of infected and hospitalized
decreases until approaching to zero. We see exactly the same evolution of
the system with two different transmission rates. We note that with a
reproduction rate R\ the epidemic will not last over time.

Foran R” =3 we have a peak of infectivity in the population after 13
days, see Figures 1 and 3. In contrary, there is not a peak of infectivity in
the population for an R =0.95 and an epidemic that will not last over
time, see Figures 2 and 4.

3. Sensitivity analysis

In this section, we introduce the main mathematical components that
lead to the decomposition of the variance, from which the Sobol indices
are derived.

We consider the mathematical model Y =Y(X), where the input
parameter X=(X,,...,X,) consists of n independent random variables
which satisfy :

B(X?)= [x}p,(x,)dx, <0, (5)

where p, is the marginal probability density of X, and E stands for the
mathematical expectation.

Similarly, Y is assumed to have a finite second order moment.

The article [26] proposed an indicator of the influence of the input
parameter X, defined by

_ V(E(YIX)
5, = YEOHD. (6)

commonly termed “first order Sobol index”. The S, indices lie between 0
and 1, and they take values close to one when the influence of X, is
important. V, = V(E(Y / X,)) is the conditional variance of Y with respect
to X, and V =V(Y) is the total variance of Y. Similarly, sensitivity indices
of higher order can be defined by first introducing the following
decomposition of the total variance

VY)=3V+ ¥ V, + X V. _ 44V )

i=1

iyt i...
) P 1kl 1+t
1<i <i,<n 12 1<i <iy<iz<n
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where
v, = V(E(Y/X,)),
V,, =V /X, X, )V, -V,
\m =V(]E(Y/Xil,Xi2,Xi3))—V. -V -V -V -V -V, (8)

hiy i3 b3 h b i

\ .”=V—iv_ SV e ¥

ii [0
i i 12 P i i 10l
— < <

i=1 1,1]<lz,n ]S,1<l2‘“<ln 1Sﬂ

By equations (6) and (7) we can derive the formulas for all Sobol’
indices of orders greater than 1

 V(E(YIX, X))

Si,j = W_Sl _Sj’
_ VEOIXX X))

Sk = vy 0TS 5T S S ©)
_ VO X))

Sl ..... n V(Y) ug{l;..,n}su'

When the model contains 7 entry random variables, the number of
Sobol” indices is (2" -1). This number grows exponentially fast as n
increases. This is why Sobol” indices can only be computed for problems
with moderate input sizes.

In order to make the computation efficient, one should avoid to
estimate the integrals appearing into equations (8). Alternatively, modeling
the problem under the form of Lagrange polynomials turns out to be a
worthy option and it is embraced in this work.

4. The Stochastic collocation method (SCM)

In this section, we describe a method called the stochastic collocation
method (SCM). We will present briefly this method when Y depends only
on one random variable X and then apply it to the case of many random
variables. This method makes it possible to represent a random variable Y
of unknown distribution as a function of a random variable X of known
distribution in the form

Y= éyiLi(X) (10)
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where {L(x)}, are Lagrange polynomial basis and {y,}_, are real
numbers. If a relation Y = f(X) exists then y, = f(x,) and relation (10)
becomes the projection of f on the basis of Lagrange polynomials.

Before describing the method, we will recall two concepts that are
important. These two notions are the interpolation polynomials and the
quadrature rule.

Let P denote the linear space of polynomials of degree less or equal
to n. Let (n+1) distinct points x,,x,..,x, and corresponding values
Yo Y,sY,, then there exists a unique polynomial PeP such that
P(x,)=y,. Lagrange establishes a representation of such polynomials
under the form

P(x)= 2y L),

where

Lx)= 11 =2, i=0,.,n (11)

j=0lj#i XX

This equality shows that the quality of the approximation depends
only on the choice of the points x,, for more details see [13].

Designing an optimal set of interpolating points is a hard task that is
problem-dependent. This is why people choose x, that are the same as the
quadrature points. In practice, it is observed that it usually leads to good
approximation properties. Quadrature rules can be written as a weighted
sum

L p ()~ o f(x) (12)

where @, are the quadrature weight and x, are the quadrature points and
py isa positive function that corresponds to a probability density of X. We
choose x, and @, so that the relation (12) is exact when f is a polynomial
of degree less than or equal to 2n—1, for more details see [9, 10, 12, 22].
For more information on the stochastic collocation method see [6] which
applies the method with random variables and stochastic processes.

We will illustrate the method by computing the Sobol indices for the
SHIR model (1). We consider the compartment susceptible S. We suppose
that the input variable

X:=(X,X,,X,,X,)=(B,a,y,A)
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are independent random variables with density function
px(x) = H;:l pxk (xk)'

We have the following decomposition of S in Lagrange polynomials

5= 3 S,(tL,(X), (13)
i,j,k,1=0 / !
It(X) = o %“,l.:olf*j'k*l' (t)Li'/'k’l' (X)’ (14)

where we used the notation L, (X):=L/(X,)L,(X,)L,(X,)L,(X,), and L,
is given in (11).
Replacing (13) and (14) and in the differential equation (1), we obtain

no dSg(t) L
Y L ()=1-B( X S, (HL,(X)
ijki=o At 1,d1=0 7 /
o n o n (15)
x (i’ . kz l’:OIi‘]‘*k‘l’ (t)L’_.j,k*l, X)) - yi,j,kz,I:OSiﬂd (t)Lz‘jkl X).
For the particular value X'=(x,, x, , X, xq), we obtain
Li,].,kll(X’) =L,(x,)L,(x, )L (x, )L (x)=3, x5, x5, x5,
where &, is the Kronecker symbol.
So, the last equation (15) becomes
mnpq
T - T - ﬂmsmnpqlmnpq - lusmnpq' (16)

Similar equations can be written for the other components of the
differential equation.
Furthermore, using (12), it can be shown that

n

BIS,001= 3 5,4 (DL, (p, 00

17)

i,jk,1=0
n
- i %zoszjkz(t)a’fw;a’k“)l‘

]

Taking the square of the decomposition (13), we obtain

SX)P= X Sy®S; e DLy KL (X0,

ik LK =

In a similar way as before and using (12), we obtain:
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EI[(S,(X)’]= i (Sl.jkl(t))2 0,0,0,0),. (18)
i,j,k,1=0
The variance of 5,(X) is given by
V(S,(X)) = E[(S,(X))*]-[ELS, )11,

Now, we will calculate the Sobol indices for S. We recall the Sobol
indice SXl

_ V(ES(X)IX) _ BIES, (X)1X)))*1-[EES, (X)|X,)
5 (B)= VX)) V(S:(X)) : (19)
We have
E(S,X) X)) = Zk lSijkl(t)Li(Xl )IL, (x, )L (x)L, (x, )Py (X,)py (X3P (x,)
ijk,

dx,dx,dx,
By ]zk Isif"l(t)L"(Xl)a)ja’ka’r

Taking its square, we obtain

(ES,(X)|X,))* = > ,Sfjkl(t)si*,-*k‘z* (t)a)ja)ka)lL,.(Xl)a)j,a)k,a)l,Li,(Xl).

ik,

Then, the mean of the squared term is

E[(E(S,(X)| X,))*]1= > *S[jkl(t)Si*j‘k,l, (t)a)].a)ka)la)f ®.0,

i,jk1i k1
JL(x))L. (x, )Py (x,)dx,
= i,j,k,z,zj;,k*,z‘Sijkl(t)S‘f o (t)a)ia)ja)ka),a)j, ...

And the term E(E(S,(X)|X,)) appearing in (19) is equal to E(S,(X))
which is given by (17).

For the other Sobol indices of order 1, we do exactly the same.

Now, we are going to calculate the Sobol indice of order 2. As for the
indices of order 1, we will just calculate a single indice of order 2 and the
other indices are done in exactly the same way.

We recall the Sobol indice SXl,Xz t):

E[(E(S, (X)X, X)) 1-[E(E(S, (X)X, X))
le,xz(t): [( (l( )| 1 23(‘]5}([)()() ( t( )| 1 2))] _le(t)_sxz(t)' (20)

Using (12), we have
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B(S 001X, X,)= 2 Sy GO (6L (x,)py, (35)
Px, (x,)dx,dx,
N z‘/jZJZC,lSijkl (t)Li (X1 )L]' (XZ )wka)z :

Taking the square of the last expression, we obtain:

BE,00IX, X)) = T 8,08, (L)L (X)L, (X,)

ij ki K
L]_, (Xz)a)ka)la)k* @..

The expectation of this expression is given by:
E[(E(S,(X)| X, X,))']
> ,Sijkl(t)si*]” o Dooo. o [L(x)L. (xl)pXl (2, )dx,

ij k00K
IL ()L ()P (),

f,/,k,zz,:k*,l‘sifkl (t)Sijk. . (t)a)ka),a)k* . 00,

And finally the term E(E(S,(X)|X,,X,)) appearing in (20) is equal to
E(S,(X)) which is given by (17).

For the Sobol indices of order 1 and 2 for S, I, H and R, we do exactly
the same.

5. Numerical application

In this section, we use the stochastic collocation method to spread the
uncertainty in epidemiological model (1). We make the hypothesis that
the parameters R ,a,y,A are independent random variables and we
compute the Sobol indices of order 1 and 2 using the Lagrange polynomial
with two different infection rate and two different basic reproduction
number. Finally, we stand out the most influential parameters for each
compartment.

We consider that the random input variables (X ,X,,X,,X,)=
(R,,a,y,4) of the system (1) follow the uniform law U[a, ,b, ]

In Table 3, we give the values of the different pararr{etefs with their
confidence intervals. We have distinguished two different values of R,
which are noted R{" (before the lockdown) and R” (after the lockdown).
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Specification of the law of the random entry parameters.

Random entry parameters Uniform law on [aX , bX ]
R [2.85;3.15]
RY [0.7;1.2]
a [0.030 ; 0.037]
Y [0.38 ; 0.46]
A [0.0515 ; 0.0630]

5.1 Sobol indices of the stationary regime

We recall the endemic stationary point of the system (1) given in (2):

S* = S*(Ro,a/ ¥, l) = HXTRU

I'=I'(R,a,y,2)=—"

H =H (R, a,7,4)= (

R =R (R,,a,7,2)=

Urv+y+oa

3]

Ro

e
HHv+A)(prv+y+a) Ry
yr(u+v+)+iar

1
H(u+v+A) (u+v+y+a) [ - E] ’

The analytical calculation of the Sobol indices for the endemic

equilibrium point are done explicitly.

In Table 4 (resp. Table 5) we give the Sobol indices of the stationary
endemic state with R" (resp. R?) that we calculated in an analytical

way.
Table 4

Sobol indices of the stationary regime calculated analytically with R".

Sobol Indices X =S X =I X =H X =R
X;z(;” 1 0.069946 0.025106 0.98471
X; 0 0.005864 0.34415 0.0012
X: 0 0.92393 0.33147 0.010134
X/l 0 0 0.29659 0.0013
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Table 5
Sobol indices of the stationary regime calculated analytically with R®.
Sobol Indices X =S X' =TI X' =H X' =R
X;ém 1 0.99663 0.99023 0.9999

We note that after the lockdown, the states (S',I ,H ,R") are almost
exclusively impacted by the parameter R”. And before the lockdown,
only S" and R’ are mostly impacted by R?.

5.2 Sobol indices of the transient regime with R"

The Sobol indices for each parameters depend on time and admit a
stationary equilibrium that is reached at T, = 600. We give in Table 6 (resp.
Table 7) the steady state Sobol indices using the stochastic collocation
method defined in section (4) and the influences of all variable on each
compartment with R" and sinusoidal transmission rate (resp. logistic
transmission rate).

Table 6

Sobol indices at final time T, =600 calculated numerically with R." and
sinusoidal rate.

Sobol Indices X =S X =r X =H X =R

X;éu 0.9970 0.0700 0.0252 0.9882

Xa 0.0000 0.0059 0.3407 0.0012

X; 0.0012 0.9237 0.3347 0.0074

X/1 0.0000 0.0000 0.2967 0.0014
Table 7

Sobol indices at final time T, =600 calculated numerically with R{" and
logistic rate.

Sobol Indices X =S X =T X' =H X =R
X;éu 0.9999 0.0710 0.0252 0.9846
Xa 0.0000 0.0058 0.3429 0.0011
X; 0.0000 0.9223 0.3306 0.0129
X; 0.0000 0.0000 0.2985 0.0013
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In Tables 6 and 7, we notice the variable R{" strongly influences the
compartments of susceptible S and recovered R at 99%, it influences the
compartments of infected I at 7% and hospitalized H at 2%. The variable
y influences the compartments of infected I at more than 92% and
hospitalized H people at more than 33%.

1 L Ro
oo 0%
o.s ;_
o7
o.s
0.5
O a
0.3
0.2
o.1

o
100 200 300 400 500 sS00
DAY S
Figure 5
Influence of each parameter on compartment S with R and sinusoidal rate.
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Figure 6

Influence of each parameters on compartment ] with R{" and sinusoidal rate.
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Figure 7

Influence of each parameters on compartment H with R" and sinusoidal rate.
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Influence of each parameters on compartment R with R and sinusoidal rate.
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Combined influence of two parameters on compartment S with R and sinu-
soidal rate.
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dal rate.



1294 L. ISMAIL, H. DJELLOUT AND C. CHAUVIERE

\

o b A . .

o S v e oo oo
DAY S

Figure 11

Combined influence of two parameters on compartment H with R and
sinusoidal rate.
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Figure 12

Combined influence of two parameters on compartment R with R" and sinu-
soidal rate.

In Figures 5-8, we have presented the evolution over time of Sobol
indices of each parameter on each compartment for a sinusoidal
transmission rate.

Figures showing the same results but with a logistic transmission rate
are not included since the plots are almost identical to the one of Figures
5-8.

In Figure 6, we can see that the parameters that most influence the
compartment of the infected are y and R".

In Figure 7, we observe that the variables & and A only influence the
compartment of hospitalized H people.

The Sobol indices S_,S,,I ,I,,R, and R, that remain close to zero
over time have not been plotted.

All the compartment simulations for the 2nd order indices are given
in Figures 9-12. Here again, we only show results with a sinusoidal
transmission rate since the ones with a logistic transmission rate are very
similar.
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The Sobol indices of order 2 inform us that the combined effects on
the compartments remains weak. We notice that there is an interaction
between R{" and y in the four compartments with different intensity.
This interaction is strong at the beginning of the propagation but suddenly
disappears and tends towards zero.

5.3 Sobol indices of the transient regime with R?

In Table 8 (resp. Table 9) we compute the Sobol indices of the
stationary regime (T, =600) with a sinusoidal transmission rate (4) (resp.
with a logistic transmission rate 3) with R®.

Table 8

Sobol indices at final time T, =600 calculated numerically with RY and
sinusoidal rate.

Sobol Indices X =5 X' =TI X =H X =R
X;éz) 0.9996 0.9944 0.9873 0.9997
Table 9

Sobol indices at final time T, =600 calculated numerically with R;? and
logistic rate.

Sobol Indices X =5 X'=I X' =H X =R
X;‘(’z) 0.9999 0.9938 0.9868 0.9999

In Tables 8 and 9, we notice the variable R? strongly influences all
compartments S,I,H and R at 99%.

In Figure 13, we have shown the compartment results for each
parameter when the transmission rate is sinusoidal. Only S_,, I -y H R®
and R R are represented. The others indices of order 1 and 7’?he indices of
order 2 remain close to zero over time. There is no interaction between the
variables.

Figure 14 shows the compartment results for each parameter when
the transmission rate is a logistic function. Indices that remain close to
zero over time have not been represented. It should be noted that before
the lockdown (R”=3), whether the transmission rate is logistic or
sinusoidal has no effect on Sobol indices. On the other hand, after the
lockdown (R =0.95) Sobol indices are different when considering a
sinusoidal or a logistic transmission rate.
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Influence of R\ on all compartment with sinusoidal rate.
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Influence of R” on all compartment with logistic rate.
6. Conclusion

From all models for epidemics, the SIR and SIRS are among the
simplest. However, the parameters involved cannot be determined exactly
and it is necessary to introduce randomness. This paper was dedicated to
conduct a sensitivity analysis on an SIHR epidemiological model with
random parameters (R, a,y,A). To study their impact on the evolution of
the COVID-19 disease, we considered a nonautonomous infection rate of
transmission.

Then, we applied the stochastic collocation method using Lagrange
polynomials to compute the Sobol indices of order 1 and 2. This has
allowed us to study the sensitivity of these factors which intervene in the
nonautonomous SIHR epidemiological model. We also have analytically
calculated the Sobol indices of the stationary state.

The SIHR model was studied for two cases: for R =3 (before
lockdown) and for R = 0,95 (after lockdown). In both cases, the influence
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of the parameters on the compartments reach a steady state. We have
shown that for R =0.95, the basic reproduction rate R is the only
parameter that acts on the compartments as well as on the spread of the
disease. When R =3, the influence of the parameters (a,y,1) is
considerable on the infected and recovered compartments. We have also
shown that, in both cases, the cumulative impact of the parameters is
insignificant.
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