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Abstract

The second wave of Covid-19 presents new and ongoing challenges to the
health and care system. The main objective of this study is to take into ac-
count the quality of health work and health guidelines in anticipation of the
health care systems not collapsing, thus saving more time in the fight against
this epidemic and appropriate preparation for each emergency situation aris-
ing from this epidemic. In this study we will deal with Covid19 in terms of
mathematics, to look at this epidemic from multifaceted aspects. We want to
continue to support leaders and health and care workers through the next
phase of the pandemic in a scientific and thoughtful way. The secretions and
resources we produce and make sure are scientific and useful study. Let’s find
out how we can continue to provide helpful support. Avoiding the causes that
led to the outbreak of coronavirus disease 2019 (Covid-19) through the study,
we found that the focus is on the basic measure of the number of beds in the
hospital and the possibility of spacing for patients. Treatment beds must be
provided for patients at risk of organ failure. Patients are provided with an
intensive care unit bed (also known as an intensive care unit bed).
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Qualitative Analysis and Stability

1. Introduction

In this study, this paper will address the second wave of Covid19 in some coun-
tries of the world including Sudan, and the elderly are affected by this wave. Co-
ronavirus disease 2019 (COVID-19) outburst were seen in Wuhan city of China
in December 2019 caused by a novel member of coronavirus family, Ze., Severe
Acute Respiratory Distress Syndrome Coronavirus-2 (SARS-COV-2) [1] [2].
Over the course of the current period, we have heard a range of perspectives
from people who have channeled their scientific and medical knowledge about
Covid-19 through a mix of written and audio content. International Committee
on Taxonomy of Viruses (ICTV) officially named it as SARS-COV-2 [3]. This
study targets leaders working in the field of health, social care or public health in
gathering places in universities, schools, and the voluntary and independent
sectors. We want to know the challenges you face, and help us avoid the risks
and impacts of this pandemic, through our study, we have found that it is very
clear that the cure rate and mortality rate are directly related to whether or not
healthcare capacity has been exceeded.

In China, from 3 January 2020 to 11:32am CEST, 7 July 2021, there have been
119,036 confirmed cases of COVID-19 with 5554 deaths, reported to WHO. As
of 26 June 2021, a total of 1,189,495,322 vaccine doses have [2].

As it was the time of the spring festival, visitors have come from various parts
of China, so it spread in a different parts of China [3] [4] In our model, we as-
sumed that it was important to seriously consider this obvious fact, cure rate and
disease-affected mortality rate were considered to be variable according to health
care capacity status with fixed low limits.

1) With the use of real-time Reverse Transcriptase-Polymerase chain reaction
(RT-PCR) researcher identified it caused due to SARS-COV-2 [4].

2) The cases increased in large number, so the World Health Organization
(WHO) declared COVID-19 a Public Health Emergency of International Con-
cern (PHEIC), i.e. Pandemic, in 11-March, 2020.

3) The study of genome sequences of SARS-COV-2 revealed that its genome is
79.5% similar to SARS-COV and 96% to bat SARS-COV [5].

We will use epidemiological modeling of the COVID-19 outbreak using a
SEIR model with four compartments, namely, exposed groups, infectious groups,
and recovered groups, and the proportion of prevalence for each group con-
trolled by a set of numerically ODE and PDEs. There is modeling of the spread
of Covid-19 with travel data and infection data but it is incomplete and we are
looking at how to complete. The outbreak of the novel coronavirus disease
(COVID-19) in 2019 began to occur and escalate during a special holiday period
in China, and it is likely spread through the seafood market, which also includes

wildlife like bats, snakes and other poisonous and polluting animals. And the
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actual spread began for several reasons

1) A large volume of travel occurred between Chinese cities, then around the
world, which led to the spread of the disease on a wide scale.

2) Failure to take precautionary measures in multiple regions in the countries
of the world, for example Italy, France, Spain and the Maghreb, then Sudan
moved Egypt, the Persian Gulf and Saudi Arabia to all over the world.

1.1. Travel Procedures Integrated Data SEIR Model

We are modeling the epidemiology of the COVID-19 outbreak using the SEIR
model with Four compartments, groups exposed, nfectious, and recovered, and
the prevalence ratio for each group governed by a set of numerically normal dif-

ferential equations [6],

S:—ﬂ—SI, E:+’B—SI—aE, Il =+aE-yl, R=+yl

N N

The transmission rates between the four groups, f,a and, are the reflec-
tions of the contact duration B =1/4, the passive or static period A=1/a, the
infectious period C=1/y, and N=S+E+1+R is About the total popula-
tion. We interpret the latent rate a and the infection rate as being related to a
disease of COVID-19, and assume that they are constants in all European Union
countries. [7] [8] We explain the connection rate S = f(t) as a specific beha-
vior for this virus, and we assume that it varies with each country in terms of the
rate of population and the rate of closeness between people and it may vary over
time and time to reflect the effect of the precautionary, societal and political
measures [9] [10]. To facilitate interpretation, we express the contact rate be-
tween AB(t)=R(t)/C in terms of the time-variable effective continuous re-
production number R(t) [6]. For effective reproduction and reproduction

number, we assume the type of hyperboloid tangent ansatz,
1 x
R(t):[RO—E[lthanh[t—t ]/TH[RO—RI]. (1)

Ansatz ensure a fast and smooth transition from R, at the start of the virus
outbreak to Current reproduction number R; under travel restrictions and pro-
cedures Closing countries, where ¢is the adaptation time and 7'is the transition
time.

With the description and assumptions mentioned above, the established mod-
el, which takes into account the effect of the level of availability of care oppor-
tunities provided by the health care system for individuals of various classifica-
tions, HIV-positive and non-infected, with a time delay representing a latent pe-

riod before the onset of symptoms is as follows: [8] [9]

(Zi_?zb—ﬁS(t)l (t)-ds(t),
Z—f:ﬂs(t)l (t)-7E(t,7)-SE(t)-dE(t),
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E=7/E(t,r)—[,ul + 11, (1-C (1)) ] 1(t)~[ & + &,C (1)1 (1) - dl (1),

fﬁ [y +a,C (1)]1(t) +5E (1) - dR(t),

The model of equations dS,dE,dl,dR and parameters (unknown) «;, /5,75 .

5,0 =-21 s, -2, s, 0
J ] (2)
N (Om (6)) S5 ()X m; (t)
A
o6, (0)--2E0, e (-2 e )5,
| (3)

-k 08 -5 SO B Um0

di; (t) =k; () E (1) =7 ()1, (t)
(Lm0 ()X m () (4)
+k, {Zil( P (t) J P. }

dR; (t)=7; (1)1, (t) (5)

1.2. The Problem of Information Disappearance, Non-Appearance
or Loss

One of the main reasons for the rapid spread of viruses:

The lack of awareness of the delayed information depends on the real and ur-
gent situation of the population and the most prominent time and lack of speed
in response to the information in the number of confirmed cases reported, as it
depends on the ability of the particular country or city to conduct the examina-
tion and tests in addition to the potential bureaucracy in the local reporting sys-
tem and its speed.

Problem of Information Latency and loss, one reason for rapid spread of virus:
® Delay information: insufficient awareness of the real situation of the com-

munity
o The reason for most of the observed information delay is the number of con-
firmed cases reported, which depend on the ability and testing capabilities of
the particular country or city, as well as the potential bureaucracy in the local
reporting system and the speed of reporting.
I>CorI>C

Model: The first problem is summarized by the integration of travel data,
transportation, mixing, and crowding. The second problem is summarized in the

time of transmission of information to the responsible authorities [7].

1.3. Review of SEIR Model

On day ¢ there are
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Susceptible S, (t), Exposed E(t), Infected I,(t), Recovered R (t)
City / with population = P;

Eventual percentage of infection = J;

1.4. Basic SEIR Dynamics

System dynamics We will use epidemiological modeling of the outbreak of
COVID-19 using the SEIR model that shows the four sections, namely, the ex-
posed, infectious, and recovered groups, and the prevalence rate for each group
using a set of equations:

For a single population S(t)=-AS(t)I(t)

(network), we can put  E(t)=8S(t)1(t)-xE(t)

The state equations as 1 (t)=xE(t)-y1(t) & R(t)=yI(t)
AS(t)=-BS(t-1)1(t-1)
AE(t)=BS(t-1)1(t-1)-«xE(t-1)

Al (t)=xE(t-1)—yI(t-1)
dR(t)=yI1(t-1)

The outbreak of the new Coronavirus disease (COVID) for the year 2019 be-
gan to occur and escalate during a special holiday period in China (about more

(6)

than 20 days surrounding the year 2019 to the year 2020 and then extended to
2021), which occurred during the first of 2019, a large volume of travel between
cities, Which led to the outbreak of the disease in multiple regions in China,
then it moved to the rest of the world, then in the second period 2020 most
countries worked to close their airports in order to avoid the spread of the dis-
ease, and then the airports were opened in the year 2020 conditional on ex-
amining the traveler for the disease and in the third period 2020-2021 appeared
a new type of virus developed in Britain and South Africa, and the countries
worked again to take health precautions and mathematical algebraic variables
were chosen to study this case, on day ¢ there are: Susceptible S, (t), Exposed
E(t), Infected I, (t), Recovered R,(t), City 7 with population = P, Eventual
percentage of infection = J;.

This picture was taken from the Internet during the first week of February
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2021, showing the health precautions taken in some cities in the world.

2. The Model, Its Qualitative Analysis and Stability

We consider an epidemic model that designed SEIR with an arrangement of
compartments consisting of () vulnerable to COVID-19 disease, (£) susceptible
to COVID-19 and infected individuals (/) recovered individuals (R) of the total
population (V). All parameters used in the model are non-negative constants
parameters b and d represent birth rate and natural death rate of all compart-
ments, respectively. In the model, it is assumed that all newborns are included to
the susceptible compartment. Also S is effective contact rate between susceptible
and infectious individuals y is progression rate of exposed individuals who are
not infectious to class R. The function c(t), which takes value in the interval of
[0,1], represents the level of availability to opportunities provided by health care
system to individuals who are become infectious at time £ ¢, is natural recov-
ery rate of the infectious class, that is, this value is minimum recovery rate for
the model. Also a,c(t) is contribution rate to recovery rate of health care sys-
tem. Thus clearly o, +a, is maximum recovery rate. Furthermore, s is
minimum disease induced death rate and g, (1—C(t)) is a factor increasing
the disease induced deaths due to cannot benefit ion from health care system. So,
it is clear that 4 + g, is maximum death rate. As it can be estimated, the case
that c(t) tends to zero means that all hospital opportunities are almost con-
sumed away, the case of c(t)=1 says that all hospital opportunities can be
used fully. [11] [12] Additionally the N(t),S(t),E(t),1(t),R(t) describe the
number of individuals in the relevant compartment at time ¢ These variables are
clearly nonnegative and N(t)=S(t)+E(t)+I(t)+R(t) for all t>0. With
above descriptions and assumptions, the model, which is taken into account the
effect of level of availability to opportunities provided by heath care system to

individuals, with a time delay representing a latent period is as follows are:
ds

E:b—ﬂs(t)l(t)—ds(t),

‘(’j_'tfz/;s(m (t)-7E (t,7)—5E (t) - dE (1),

dE =
E:ﬁs(t)l(t)—yE(t,y)—aE(t),
dl =
50 = VB )= (a1, (L= (0)) 1 ()= (@ + aue (1) (1) =i (1),
dr
E:(al+azc(t))l(t)+5E(t)—dR(t), 7)
where the evolution of the density in the exposed individuals given by:
0 0 )z =
(a+ajE(t'ﬂ)__dE(t,ﬂ). (8)

where E (t,O) the number of exposed individuals to coronavirus at the time ¢
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and E(t,0)=AS(t)1(t).

From its solution we obtain the Equations:
E(t,,u) =[S (t —,u) I ('[ —,u)e’d”

Therefore, the system (7) can be rearranged as follows:

(:j_?:b—ﬁS(t)l (t)-ds(t),
Z_Itzzﬁs(t)'(t)—yﬂs(t—u)'(t—#)efd” ~(d+0)E(Y),
%:yﬂs (t=p) 1 (t—pe)e® —( s+, (1-c(1))) 1 (1)

— (e +a,c(t))1(t)—di(t),
dR

E:(al+azc(t))l (t)+SE(t)—dR(t), )

And also we find the periods that must be taken into account the impact of the
level of availability of opportunities provided by the health care system to indi-
viduals on a regular basis, because a time delay represents the latent period that

is shown as follows:

B ads-a s,

dt S+l

d sl

A3 g0, 10
dt = S+l (d; +r) (10)

where S(t) and I(t) denote the number of susceptible and infectvie indi-
viduals at time £ respectively. A4 is the recruitment rate of the population, d, is
the natural death rate of the population, & is the death rate for individuals in-
fected with the COVID-19 disease which includes the natural death rate and

disease-related death rate, r is the cure rate for infected individuals, A is the
A
d,+r

standard incidence rate. Has the fundamental scattering number R, =

A
and if R, <1 the injury-free equilibrium E, (E,Oj of model (1) is not globally

stable, and if R, >1 then the endemic equilibrium E, (S*, I*) , may be locally
stable, we obtain the following COVID-19 discrete time for the Lemma (2.1).
Lemma (2.1)

A
Let R, = 5 (the basic reproductive rate), and we have the following re-
2
sult as regards the existence of the equilibria.

1) If, R, <1, then we have only the COVID-19 disease-free equilibrium

« A
—,0].
5 (dl j
2) If R, <1, then we have two equilibria: the COVID-19 disease-free equili-
brium El* [dﬁ’ 0

1

J and the endemic equilibrium E; (S*, I*) where
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. A(d, +r)
S _dl(d2+r)+d2(/1—d2—r)’ (11)

. A(A-d,-r)
! dy(d, +r)+d,(A—d, —r) (12)

Now, we study the stability of equilibria E, and E,, Then the Jacobian

matrix at the equilibrium E” (S*, I*) is

1oh|d A hlroa— 5"
* *\2 « ©\2
B (E)- (s"+17) (s7+1) )
|2 S
hl(s*_’——l*)z 1+h ﬂm—(dz‘f'r)

The corresponding characteristic equation of J (E*) can be written as
o ~trJ(E")o+detd (E")=0 (14)

After simple computing, we obtain the local stability result of the disease-free

equilibrium El* (dﬁl Oj , which is shown in the following.

1

Lemma (2.2)
1) E| 20| isasinkif 0<h<min] 2 —2 1,
d, d d,+r—-4
2) El* ﬁ,O is a source if h > max 3,_2 )
d, d d,+r-2
3) B A0l is non-hyperbolic if hel or — 2 . hel,
dy d, d,+r-1 d,
4) E ﬁ,O is a saddle if 2 <h<—2 or 2 <h<£,
d, d, d,+r-4 d,+r—-4 d,

On the local stability of equilibrium E, (S*, I*) we have the following result
Lemma (2.3)

1) E; (S*, I*) is a sink if one of the following conditions holds:

i) A>0 and O<h<h,,

ii) A<0 and O<h<h,,

2) E,
i) A20 and h>h,,

ii) A<0 and h>h,

3) E, (S*, I*) is non-hyperbolic if one of the following conditions holds:
i) A20 and h=h or h,,

if) A<0 and h=h,,

4) E;(S",1") isasaddle if the following conditions holds:

i) A20 and h <h<h,,

Where h, and h,,h, is:

(S*, I*) is a source if one of the following conditions holds:
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A(A=d,—r+d,)- VA
(A=dy—r)[dy(d, +1)+d,(A-d,—r)]’

h =

- A(A=d, —r+d,)+ VA
2 (A-dy-r)[dy(d, +r)+d,(2-d,-1)]’

A(A-d,-r+d,)
(A=d,—r)[d,(d, +r)+d, (A=d,—r)]’

h, =

2 4(A+d,—r)[d(d,+1)+d,(A-d,~1)]

A=(dy+r-1-d,) 2

The proofs of Lemma (2.2) and Lemma (2.3) are simple and hence we omit
them. From the above discussion we find that if condition (i) in conclusion (3)
of Lemma (2.2) holds, then one of the two eigenvalues of the matrix J (E*) is
—1 and the other is neither 1 nor —1. We can rewrite conditions (i) in the fol-

lowing form: [13] [14]
(A,dl,dz,r,h,ﬂ)e M, UM,,

where

M, ={(Ad,,d,,r,h,A):h=h,A>0,A20,R, >1,0<d,,d,,r, A}
M, ={(Ad,,d,,r,h,2):h=h,,A>0,A>0,R,>1,0<d,,d, r 1}

In the following section we will see that there may be a flip bifurcation round
equilibrium E, (S*, I*) if & varies in the small neighborhood of h or h,
and (A,d;,d,,r,h,1)eM; or (Ad,d, rh, 1)eM,. When condition (ii) in
conclusion (3) of Lemma (2.2) holds, we can see that the two eigenvalues of the
matrix J (E*) are a pair of conjugate complex numbers, the modules of which

are 1. Condition (ii) can be written in following form:

(A,dl,dz,r,h,l)e N,
where

N ={(Ad,d,,r,h,A):h=h, A>0,A>0,R,>1,0<d,,d, r A}.

Proposition 2.3
The set

Q:{i = (iviy,-++1, )i € N and Iik(a)daglforkeNn}
0

is a positively invariant set of equation.
We only need to consider the equation with initial conditions in Q.
The following results tells us that if there is initial infection then the infection

persists.

{aik (t.a) . di (t.a) = —y(a)i, (t.a),k e Nn}

ot oa
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i, (1,0) = ok (1—f:ik (a)daO(i(t,.))), (15)

By the model formulation and Proposition (2.3), we only need to consider
Equation (15) with initial conditions in the following result tells us that if there
is initial infection in COVID-19 then the infection persists [14].

_ ; = B ()i (t,a) n

Where (i(.)) = ZLkp(0)f; =g and (=Xl ke

Since S, (t)+ J:O i (t,a) =1, in this equation equivalent to (15)

ds(:—t(t):"‘ask (O o(i(t.)+], 7(a)i(t.a)da
& g 2, % é; 2 -7 ()i, (t,a) (16)

i (1,0)=kaS, (t)o(i(t..)
Then Equation (15) is well-posed. Moreover, it is not difficult to show the fol-
lowing result [12] [15] [16].

3. Conclusion

In fact, the interest in manufacturing and taking a drug or vaccine that has an
accurate and direct effect in combating the COVID-19 pandemic caused by the
new type of coronavirus that is spreading at the speed of fire, has led to all coun-
tries. Epidemiological modeling of the COVID-19 outbreak was used by the
four-section SEIR model, the groups exposed, infectious, recovered, and the
prevalence rate for each group controlled by a set of ODE and PDE equations
numerically. Of the world adopting policies aimed at curbing the spread of
COVID-19, in order not to exceed the number of patients currently infected and
to increase critical cases inside hospitals, which calls for raising the capacity of
health care in them. With these policies, the main objective of this study is to
take into account the quality of health work and health guidelines in anticipation
of the health care systems not collapsing, thus saving more time in combating
this epidemic and adequate preparation for every emergency that arises from
this epidemic (o, and g, respectively). Thus, through our study, the disease is
expected to increase in some countries of the world when the level of availability
of quality health care and the opportunities provided by the health care system
decrease. In the appendices is a list of countries by availability of hospital beds
per 1000 or 100,000 people, as published by local governments, the international
organization (OECD, European Union), from academic or other sources. The
number of beds available in health facilities per person is an important indicator
of a country’s health care system [1]. And we found through the study that the
focus is on the basic measure of the number of beds in the hospital, which are
divided and occupied differently. Classic hospital beds also called Dedicated
treatment beds for patients at risk of organ failure, patients are provided with an
intensive care unit bed (also known as an intensive care unit bed) or intensive
care unit (CCB) beds [15] [16].
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