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Abstract New coronavirus (COVID-19) broke out at
the end of 2019. Today, the epidemic has spread all over

the world. The number of confirmed cases is 250 million
and the number of deaths has reached about 5000000,
which undoubtedly caused serious public health disas-

ters all over the world. In the face of the problem that

the virus continues to mutate and the virus spreads

faster and survives for a longer time after mutation, as

well as the situation of asymptomatic infected persons,

the study of the transmission law and epidemic trend
of COVID-19 provides theoretical support for how to
effectively prevent epidemics, which is of great research

value.

Most of the previous studies on COVID-19 adopt

SIR model and variants of SIR model, and there are

few theoretical studies on the impact of asymptomatic

infection on the transmission, prevention and control of

infectious diseases.Because the time of large-scale vacci-

nation of COVID-19 vaccine in China is about the mid-
dle of 2021, so far, no scholars have studied the trans-
mission law and prevention and control of COVID-19
virus after large-scale vaccination. In addition,most re-

searchers use the integer-order models.Generally speak-

ing, integer-order may not capture satisfactory model

attributes. Based on this, this paper proposes a SEQIR

model with quarantine item, sets up seven fractional or-

der equations, studies and compares the epidemic pre-

vention measures taken by the two places in the face
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of the re outbreak of the epidemic before mass vacci-

nation (Beijing) and after vaccination (Hunan), calcu-

lates the size of the basic regeneration number R0 in

the two places and reports according to the real data of

the two places, different numerical simulations are car-

ried out.Studies have shown that mass vaccination and

nucleic acid detection can effectively reduce the trans-

mission of the virus. In addition, in the area where the

epidemic situation is concentrated, a large number of
nucleic acid tests in time can enable asymptomatic in-
fected persons to be detected in time. After isolating
asymptomatic infected people, asymptomatic infected

people will infect fewer susceptible people.

Keywords Vaccine · COVID-19 · Fractional Order ·

Asymptomatic Patient

1 Introduction

Since the outbreak of novel coronavirus(COVID-19)at

the end of 2019, it has aroused widespread concern all

over the world.With the increase of close communica-

tion between countries and regions and the shorten-

ing of distance (convenient transportation), the num-
ber and speed of floating population are greatly in-
creased,which leads to the acceleration of cross-regional

spread of infectious diseases.Infectious diseases occur-

ring anywhere in the world can spread to other areas in

a short time.The existence of asymptomatic infected

persons aggravates the spread of infectious diseases,

which brings great difficulties to the prevention and

control of infectious diseases.For example, the SARS

outbreak in 2003 eventually spread to 29 countries in

five continents, lasting for about 8 months, with more

than 8000 infected people and 774 deaths [1–3].Nowadays,
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COVID-19 is a pandemic all over the world.The prac-

tice of epidemic prevention and control has proved that

asymptomatic infection plays an important role in the

transmission of COVID-19.China screened asymptomatic

infected people from the population through large-scale

nucleic acid testing, gave the same detailed information

as confirmed cases in the epidemic report, tracked their

close contacts, isolated them and made medical obser-
vation, thus quickly and effectively controlling the epi-
demic in COVID-19 [4–6].More and more evidence show

that asymptomatic infection plays an important role

in the spread of infectious diseases.On the one hand,

asymptomatic infected persons may be the source of

infection.On the other hand, asymptomatic infection

can stimulate the body’s immune response, improve the

group’s immune level and control the epidemic of dis-

eases [7–13], but there is little theoretical research on

the influence of asymptomatic infection on the spread,

prevention and control of infectious diseases.If there are

asymptomatic infected people in infectious diseases,its

pathogenesis,transmission rule and development trend

will be more complicated.Because it is impossible to

carry out infectious disease experiments directly in the

population, it is particularly important to use the model

to study the transmission law of this kind of infectious

diseases through theoretical analysis and computer sim-

ulation.

Therefore, since the outbreak of COVID-19, many

scholars have studied the transmission law and epi-

demic trend of this kind of virus.For example, Wu et

al [14] used the classical SIR model to simulate the

pathogenicity and transmission curve of COVID-19, cal-

culate the basic regeneration number, and speculate the

infection intensity, peak time, epidemic end time,etc;

Leung et al. [15] Based on SIR model, considering that

the disease has incubation period, added the patients

with incubation period to establish SEIR model, used

the case and travel data in this period, and estimated

the basic regeneration number by Markov chain Monte

Carlo method;Liu et al. [16] used Bayesian SEIR epi-
demic dynamics model to reconstruct the local trans-

mission trend of COVID-19 in nine regions of the UK.

The results showed that compared with China, the UK

has a relatively high basic regeneration number. With

the implementation of mandatory blockade and isola-

tion control measures, the basic regeneration number
will be reduced, and can effectively curb the spread of
the epidemic; In literature [17,18], domestic researchers

proposed a dynamic model of infectious diseases with

time lag term, analyzed the effectiveness of epidemic

prevention and control intervention, and inferred the

epidemic development trend of countries with different

intervention means.The results show that early detec-

tion, early isolation and strengthening prevention and

control have played a very important role in blocking
the spread of the epidemic situation.Jaouad Danane et
al. Used the SEIR model of fractional derivative to

consider the impact of government action character-

ized by the term (1-ρ)(1-D/N)k on infectious diseases,

and verified that government action and population re-

sponse quality may play an important role in reducing

the severity of infection [19, 20];Dr. Li Feng [21]estab-

lished COVID-19 infectious disease dynamic model for

asymptomatic infected people by using SIR model with

integer derivative.Studies have shown that large-scale

nucleic acid detection and isolation of a large number

of susceptible people play a very important role in the

prevention and control of epidemic.However, these mea-

sures require a lot of manpower, material resources and

financial resources. In addition, the application of frac-

tional order in dynamics also has a good effects. Yu

et al. [22–24]showed that electromagnetic radiation can

not only change the number of equilibrium points in
neural network, but also affect the dynamic behavior

of neural network. Lin et al. [25–27] discussed in de-
tail the latest progress of neuron and neural network

models on neurodynamics, which is helpful to apply dy-

namics to the study of brain function.Xie et al. [28]pro-

posed a fractional order multistable multi stable local

active memristor is proposed.The experimental results

show that, compared with the integer memristors, the

fractional memristors have stronger local activity and
greater nonvolatile storage characteristics.

However, most of the previous studies on COVID-
19 adopt the SIR model and variants of the SIR model,

and there are few theoretical studies on the impact of
asymptomatic infection on the transmission and pre-
vention and control of infectious diseases. As the large-

scale vaccination of COVID-19 vaccine is in the mid-

dle and early stage of 2021, so far, no scholars have

studied the transmission law and prevention and con-

trol of COVID-19 virus after large-scale vaccination.

In addition, most researchers use integer-order mod-
els. Generally speaking, integer order may not capture
satisfactory model attributes. Based on this, this pa-

per puts forward a SEQIR model with isolation term,

uses fractional order to model, establishes seven frac-

tional order equations, and studies and compares the

epidemic prevention measures taken by the two places

in the outbreak again (Beijing) and after mass vac-
cination (Hunan). Firstly, the expression of the basic
regeneration number R0 is derived by using the next

generation matrix method, and then it is proved that
it is locally asymptotically stable when R0 <1. Then,

the size of the basic regeneration number R0in the two

places is calculated and the sensitivity of its parameters
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is analyzed. Then, according to the real data reports of

the two places, different numerical simulations are car-

ried out. Finally, the effectiveness of epidemic preven-

tion measures was evaluated through the experimental

comparison.

2 COVID-19 model of memory dependence

In this paper, the factors of vaccination are considered,

and the SEQIR model with isolation term is established
for COVID-19, as shown in the figure below:

Fig. 1 Transfer diagram between COVID-19 compartments

In the picture above, S represents susceptible indi-
viduals, E represents exposed individuals, and Q repre-
sents isolated individuals (where Q3 represents isolated
susceptible individuals, Q1 represents isolated symp-
tomatic infected persons and Q2 represents isolated asymp-
tomatic infected persons), I represents infected individ-
uals and R represents removed individuals. Fractional
model is considered to study the abnormal behaviors of
mathematical tools observed in many physical processes
with remarkable memory and genetic characteristics.
Therefore, according to the time propagation map of
each chamber, the following seven fractional equations
are listed.














































DαS = −(1− θ)β(t) S
N
I −Kq

S
N
I + δN − δS

DαE = (1− θ)β(t) S
N
I − α1µE − α2E − λE − δE

DαI = (1− ρ)(1− λ)µE − γI − δI

DαR = γI + φ1Q1 + φ2Q2 − δR

DαQ1 = ρ(1− λ)E − φ1Q1 − δQ1

DαQ2 = λE − φ2Q2 − δQ2

DαQ3 = k[(1− β)ρ(1− λ) + λ] S
N
I − δQ3

(1)

In the formula, σ represents the birth rate and death

rate (assuming that the birth rate is equal to the death

rate),θ represents the vaccination rate, β Represents the

infection coefficient, µ represents the latent coefficient,

λ represents the detection rate of uninfected people, γ
represents the self-healing rate, φ1 represents the cure

rate of asymptomatic infected people, φ2 represents the

recovery rate of symptomatic infected people,ρ repre-

sents the daily accounting and detection rate,K rep-

resents the isolation coefficient, and N represents the

total number. Let :α1 = (1− ρ)(1− λ),α2 = ρ(1− λ) +

λ,α3 = ρ(1− λ),Kq = k(1− β)α2.

The equation obeys a nonnegative initial condition,
operator Dα express α Caputo fractional Order:

Dα
t f(t) =

1
Γ (1−α))

∫ t

0
t− s−αf(s)ds α ⊆ (0, 1)

3 Basic regeneration number and equilibrium

stability

3.1 Basic regeneration number

The basic reproduction number R0represents the aver-
age number of patients infected during the illness, so

R0=1 can be used as the threshold of disease death.

When R0<1occurs, the disease gradually spreads, and

eventually becomes endemic. When R0<1 occurs, the

illness gradually disappears naturally. Therefore, it is

very necessary to estimate the basic reproduction num-

ber R0. Since the birth rate and mortality rate have lit-

tle influence on this model, we use the next generation

matrix FV −1 to evaluate the basic reproduction num-

ber R0 [29].The formula is as follows: R0 = ρ FV −1.

F =

(

0 (1− θ)β

0 0

)

V =

(

α1µ+ α2 0

−α1µ 0

)

(2)

According to the method of next generation matrix

proposed in reference [29–31], the expression of basic

regeneration number R0is obtained as follows:

R0 =
(1− θ)βα1µ

α1µγ + α2γ
(3)

3.2 Equilibrium stability

Next, we prove the local asymptotic stability of the dis-

ease

Theorem 3.1: [32]A point u∗ is the equilibrium point

of Caputo fractional dynamical system Dα u(t)=f(t,u),if

and only if f(t, u*) = 0.

According to the theorem, u∗ = (1,0,0,0,0,0,0)is an

equilibrium point of (1). This is called disease-free bal-

ance.

Next, the local asymptotic stability of the disease-

free equilibrium of the system is proved: firstly, the equi-

librium point of the system is linearized [33] :

Dα u(t) = f(u), 0 < α <1;

Then apply the theorem of Matignon [34]:

Theorem 3.2: Consider the following fractional-order

system :

Dα u(t) = f(u), 0 < α <1;

If all eigenvalues of Jacobian matrix Ju∗=∂f
∂u

|u∗ that
all conditions are met:
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|argλ|>απ
2

then u∗ is locally asymptotically stable.
Based on lemma 3.2, the stability results of system

(1) are obtained as follows: the disease-free equilibrium

u∗ = (1,0,0,0,0,0,0) of model (1) is locally asymptoti-

cally stable when R0 <1.
Proof : Linearize the model at u∗= (1,0,0,0,0,0,0),

and obtain the Jacobian matrix at u∗:

Ju∗ =







−(α1µ + α2) − δ (1 − θ)β 0 0 0 0 0
α1µ −γ − δ 0 0 0 0 0
0 γ −δ φ1 φ2 0 0

α1 0 0 −φ1 − δ 0 0 0
λ 0 0 0 φ2 − δ 0 0
0 kq 0 kq kq −δ kq
0 −(1 − θ)β − K 0 −kq −kq 0 −δ






(4)

Eigenvalues obtained by calculation: λ1 = −(α1µ +

α2) − δ, λ2 = −γ − δ, λ3 = λ6 = λ7 = −δ, λ4 =

−φ1 − δ, λ5 = −φ2 − δ.
When R0< 1, all eigenvalues of Jacobian matrix are

negative. It can be seen from theorem 3.2 that when

R0<1, the disease-free equilibrium point of the model

is gradually stable.

4 Model simulation

4.1 Introduction to the solution method for fractional

systems

The numerical algorithm for the fractional dif-

ferential equations applied in this paper is the

prediction-correction method proposed by Diethelm

and Freed.The method is a combination of some prod-

uct integral rules, commonly referred to as the frac-

tional Adams-Bashforth-Moulton approach [35],The

basic principles are described as follows:
First, we give a fractional differential equation:

Dα
t0
(y − y0)(t) = f(t, y(t)), y(t0) = y0 (5)

Using the basic theorem of fractional calculus, the

above differential equations can be transformed into:

1

Γ (−α)

∫ t

t0

y(u)− y0
(t− u)α+1

du = f(t, y(t)), y(t0) = y0 (6)

We can also apply a fractional integral operator to

the differential equation, incorporating the initial con-

ditions, and thus converting the equation into an equiv-

alent equation:

y(t) = y(t0) +
1

Γ (−α)

∫ t

t0

(t− u)α−1f(u, y(u))du (7)

The key to this method is to take the equivalent

equation (7) instead of the original fractional differ-

ential equation (5), and to implement a product inte-

gral method for the latter.This method is simply use

the product trapezoid quadrution formula with nodes

tj(j=0,1,...,n+1),Instead of the integral, according to
the weight function (tn+1 − ·)α−1.

∫ tn+1

t0

(tn+1 − u)α−1g(u)du

≈

∫ tn+1

t0

(tn+1 − u)α−1gn+1(u)du

(8)

Further calculation of formula. (8) can be obtained:

aj,n+1 =

∫ tn+1

t0

(tn+1 − u)α−1φj,n+1(u)du (9)

And:

φj,n+1(u) =











(u− tj−1)/(tj − tj−1) if tj−1 < u < tj ,

(tj+1 − u)/(tj+1 − tj) if tj < u < tj+1,

0 otherwise

(10)

In the isometric node tj = t0 + jh has some fixed h

of the cases:

aj,n+1 =

{

hα

α(α+1) (n
α+1 − (n− α)(n+ 1)α) if j = 0,

hα

α(α+1) if j = n+ 1

(11)

When1 ⩽ j ⩽ n,we have:

aj,n+1 =
hα

α(α+ 1)
((n− j + 2)α+1

− 2(n− j + 1)α+1 + (n− j)α+1)

(12)

We then present our correction formula,namely, frac-

tional variants of the Adams-Morton method:

yn+1 =y0 +
1

Γ (α)
(

n
∑

j=0

aj,n+1f(tj , yj)

+ an+1,n+1f(tn+1, y
p
n+1))

(13)

For the prediction formula of the ypn+1,Replace the
integral to the right of Eq.(7) Rule made by the product

rectangles, i. e.

∫ tn+1

t0

(tn+1 − u)α−1g(u)du ≈

n
∑

j=0

bj,n+1g(tj) (14)

Now:
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bj,n+1 =

∫ tj+1

tj

(tn+1 − u)α−1du

=
1

α
((tn+1 − tj)

α − (tn+1 − tj+1)
α

(15)

After the (22) collation can get a simpler expression
namely:

bj,n+1 =
hα

α
((n+ 1− j)α − (n− j)α) (16)

Thus, up to the predictive formula:

ypn+1 = y0 +
1

Γ (α)

n
∑

j=0

bj,n+1f(tj , yj) (17)

This completes the basic description of the algo-
rithmı̈¼We must first calculate the predictor from the

formula for (17) ypn+1.Then we compute f(tn+1, y
p
n+1),use

it to determine the calibrator by formula for(13)yn+1,The

final calculation f(tn+1, yn+1),It is then used in the

next integration step.The stability analysis of the method

has been analyzed by the author of paper [36], and here

We do not do much.

4.2 Source of the various parameters of the system

Relevant data of COVID-19 of Beijing and Hunan Province

can be obtained from Beijing Health and Health Com-
mission and Hunan Health and Health Commission. In-
cluding newly confirmed cases, suspected cases, death

cases, cured cases, asymptomatic infected persons, ac-

cumulated close contacts and other relevant informa-

tion.

The total population of Beijing is 21.536 million(N =
2.1536× 107).From June 11 to July 9, 2020, 335 locally

confirmed cases, 52 asymptomatic infections and no

deaths were reported in Beijing.According to Beijing’s

data, the average time from infection to virus detec-

tion is 10.8 days(λ = 1/10.8),About 300000 people are

tested for nucleic acid every day(ρ = 3× 105/N).Initial

value of Beijing:R(0)=0,S(0)=2.1536× 107.

The total population of Hunan is 66.445 million(N =

6.6445×107).From July 28th,2021 to August 25th, 2021,

Hunan Province reported 110 locally confirmed cases

and 19 asymptomatic infected cases.According to Hu-

nan’s data, the average time from infection to virus

detection is 8 days(λ=1/8),About 960000 people are

tested for nucleic acid every day(ρ = 9.6×105/N).Initial

value of Hunan Province: S(0)=6.6445 × 107,R(0)=0.

Because the vaccination situation has been reflected in

the estimated infection coefficient based on the actual

infection data β. Therefore, in the simulation, the vac-

cination ratio of the two places was taken as 0 every

day.

Table 1 Parameters of Beijing and Hunan models

Parameter Beijing Hunan Source

β 0.0639 0.0390 Estimate(MCMC)
θ 0 0.4357 News Network

µ 1/7 1/7 Network query
λ 1/10.8 1/8 Estimate(MCMC)

ρ 3× 105/N 9.6× 105/N Health Committee

γ 1/21 1/21 Estimate(MCMC)

φ1 1/11 1/8 Health Committee
φ2 1/11 1/8 Health Committee

4.3 numerical simulation

Using the numerical techniques mentioned above and

the values of each parameter obtained, the model stud-
ied is solved by Matlab software programming, and the
results of this model are calculated. The following is the

fitting of the total number of infected individuals with

symptoms in Beijing and Hunan based on the fractional

system. The fitting results are shown in Fig.2 and Fig.3:

Fig. 2 Fitting results between the total number of symp-
tomatic COVID-19 infected persons in Beijing and the model
solution

5 Sensitivity analysis

In order to study the influence of model parameters on

the system, this paper makes a sensitivity analysis of its

parameters ρ,β and λ. The main purpose is to find out

which parameters of the model can significantly change

the infection kinetics, so as to find out the parameters

that have a greater influence on the model.According to
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Fig. 3 Fitting results between the total number of symp-
tomatic COVID-19 infected persons in Hunan and the model
solution

the calculation formula of normalized sensitivity index:

φv =
∂R0

∂v

v

R0
(18)

We get the following equations:

φβ = 1 (19)

φρ = −
ρ

(1− ρ)[(1− λ)µ+ λ+ (1− µ)(1− λ)ρ)]
(20)

φλ = −
λ

(1− λ)[[(1− ρ) + λ(ρ− 1)]µ+ ρ− λ(ρ− 1))]

(21)

Table 2 Sensitivity values of R0 corresponding parameters
in Beijing and Hunan

Parameter SensitivityIndex(B) SensitivityIndex(H)

β 1 1

ρ -0.0606 -0.0757
λ -0.4378 -0.2459

Table 3 Corresponding values of R0 in Beijing and Hunan

R0 value

Beijing 0.7371

Hunan 0.1624

According to the contents in the above table, draw

the following pictures:

Fig. 4 R0 about β and ρ of sensitivity (Beijing)

Fig. 5 R0 about β and λ of sensitivity (Beijing)

Fig. 6 R0 about β and ρ of sensitivity (Hunan)
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Fig. 7 R0 about β and λ of sensitivity (Hunan)

As can be seen from table 2, the parameter β is a

positive sensitivity index, and other parameters ρ and

λ are a negative sensitivity index. It is worth noting

that the absolute value range of parameter β is large,

which means that it is the most sensitive parameter

in the model under consideration. On the other hand,

increasing the value of parameters ρ and λ will reduce

R0, which will lead to a decrease of infection degree.

The sensitivity analysis of Beijing and Hunan showed

From Figure 4 to Figure 7, respectively R0 about β

andρ And R0 about β and λ.According to the sensitiv-

ity chart. It can be noted that forβ= 1 and ρ= 0, the
R0âs value can extend to 12. When ρ from 0 to 1, we

can see that the value of R0 gradually decreases and
finally tends to 0.Similarly, if β= 1 and λ= 0 ,thenR0

will become very large .As λ from 0 to 1, we can see that

the value of R0 gradually decreases and finally tends to

0, which shows that the detection rate of undetected

infected persons and the number of nucleic acid detec-

tion quantities play a very important role in controlling

the epidemic situation.

6 Evaluate the effectiveness of prevention and

control measures

From Figure 8 to Figure 15, it can be seen that the

recovering population of Beijing and Hunan has obvi-

ously increased, which means that most of the popu-

lation will recover. On the other hand, the number of

infected and exposed individuals and the population in
the incubation period decreased significantly. It shows
that the disease will recover gradually, which is con-

sistent with the previous results of basic regeneration

number R0<1.

Fig. 8 Beijing α=0.95 variation diagram of S compartment
with time t

Fig. 9 Beijing α=0.95 variation diagram of E,I,R,Q1,Q2,Q3
compartment with time t

Fig. 10 Beijing α=0.85 Variation diagram of S compartment
with time

Fig. 11 Beijing α=0.85 variation diagram of
E,I,R,Q1,Q2,Q3 compartment with time t
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Fig. 12 Hunan α=0.95 variation diagram of S compartment
with time t

Fig. 13 Hunan α=0.95 variation diagram of E,I,R,Q1,Q2,Q3
compartment with time t

Fig. 14 Hunan α=0.85 variation diagram of S compartment
with time t

Fig. 15 Hunan α=0.85 variation diagram of E,I,R,Q1,Q2,Q3
compartment with time t

In Figure 16 and Figure 17, we show the dynamic
behavior of the compartments of the infected popu-

lation and the recovered population in Hunan when

changing the size of α. The number of infected peo-

ple and recovery people will also be reduced.Therefore,

the larger the α is, the more healthy individuals there
are.

Fig. 16 Different α in Hunan Change trend of S compart-
ment under

Fig. 17 Different α in Hunan Change trend of R compart-
ment under

Figure18 to Figure20 illustrate that when COVID-

19 breaks out, the government takes corresponding mea-

sures in time, such as the behavior of susceptible and

infected people under different daily nucleic acid de-

tection quantities.It can be seen that if the govern-

ment takes strong action to carry out a large num-

ber of nucleic acid detection for people in medium and

high-risk areas, the number of susceptible people will

be limited, and asymptomatic infected people will be

detected through a large number of accounting and

testing. Therefore, after asymptomatic infected people
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are detected, they will be isolated, and accordingly, the

number of people infected by asymptomatic infections

will be reduced.Thus, the government carries out a large

number of nucleic acid tests for people in medium and

high risk areas, which is very important for the preven-

tion and control of COVID-19.

Fig. 18 Different ρ in Hunan Change trend of S compart-
ment

Fig. 19 Different ρ in Hunan Change trend of Q1 compart-
ment under

Fig. 20 Different ρ in Hunan Change trend of Q2 compart-
ment under

Because in June 2020, Beijing had not been vacci-

nated on a large scale, in the face of the outbreak of the

epidemic again, the government took strong measures,

and the daily accounting and testing reached more than

300,000 people, which made the epidemic under con-

trol within 26 days. After the outbreak of the Hunan

epidemic in August, 2021, the number of daily nucleic

acid tests in Hunan province reached 960,000 people,

and the vaccine was vaccinated on a large scale. Al-

though the vaccination proportion in Hunan was about

40%, it also brought strength to the prevention and con-

trol of the epidemic.According to the data of the two

places estimated by the system, the infection coefficient

of Hunan (β=0.0390) and basic regeneration number
(R0 =0.1624) are smaller than the infection coefficient

of Beijing (β=0.0639) and the basic regeneration num-

ber (R0=0.7371) . The epidemic situation in Hunan was

controlled within 18 days, and zero growth was achieved

in 19th day. Moreover, the number of infected persons
(110) in Hunan is 0.33 times that of infected persons

(335) in Beijing, indicating that mass vaccination plays
a very important role in epidemic prevention and con-
trol.

7 Conclusion

In this paper, seven fractional equations are established

by using the SEQIR model, and the epidemic preven-
tion measures taken by the two places in the outbreak of
the epidemic again (Beijing) and after mass vaccination

(Hunan) are studied and compared. Firstly, the expres-

sion of the basic regeneration number R0is derived by

using the next generation matrix method, and then it

is proved that it is locally asymptotically stable when

R0<1,Then calculate the size of the basic reproduction
number R0 in the two places, analyze the sensitivity of

R0 and its parameters β, ρ and λ, and find out which

parameter of the model can significantly change the in-

fection dynamics.Finally, the effectiveness of epidemic

prevention measures is evaluated through the compari-

son of experiments.Studies have shown that large-scale

vaccination and nucleic acid testing can effectively re-

duce the spread of the virus. In addition, in the area

where the epidemic situation is concentrated, a large

number of accounting and testing in time can enable

asymptomatic infected persons to be detected in time.

After isolating asymptomatic infected persons, asymp-

tomatic infected persons can be reduced to infect more
susceptible persons.
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