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Abstract

This study investigates the minimum immune population ratio required for achieving herd im-
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munity against the novel coronavirus and explores the impact of the immune population ratio on
the outbreak of the epidemic using a differential dynamical system. The time-varying SIR model is
employed, and the expressions for the infection rate and removal rate are obtained through
first-order differencing and curve fitting. The expression for the basic reproduction number is de-
rived using the next-generation matrix method. By establishing the critical basic reproduction
number for achieving herd immunity, the minimum immune population ratio required for the
novel coronavirus is determined. Numerical calculations demonstrate that even under the condi-
tion where the stochastic infection rate follows a normal distribution with the original maximum
infection rate as the mean and 0.1 times the original maximum infection rate as the variance, as
long as the immune population ratio is not lower than 72.03%, the population can still establish
herd immunity and effectively control the transmission of the novel coronavirus. The methods and
results of this study can provide valuable guidance for controlling other animal and plant viruses.
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Figure 1. Comparison of the calculated values of 1(t),R(t) with the actual values
B 1 1(),R(t) It BESELEMEER

DOI: 10.12677/aam.2024.131031 288 IR Esid


https://doi.org/10.12677/aam.2024.131031

R

BREZH AR T, BAALRREZN {1 R ViZm s AR A%, Ry ()ﬁﬁﬁﬁﬁﬁ

SRR R() o T S (t) BRIk AR B P TR OB 51, RO FCSIz 5 ()a@ s

BNAE, 2 A S ()m —MrESMERE, W 2. HHEFIEL =13, HERGREERK, R
LA P A H R H(5) T 4 Tﬂ% BRI RGN B Ry =3.5756 , BIZJ T3 AE AR AV A A FEAE 8040 9 3.5756.

PR ph i /N AR e BN 1 L% (6) T 4518 BT A G e e /MR S BN T EE 9 72.03%

14000

12000 |
10000 |
8000 [
6000 [

SIS

4000 |-

2000 |

OF

-2000

_4000 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
t

Figure 2. The first-order difference value of t and dld(tt)
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Figure 3. Infection trend graph with different immune levels but the
same initial number of infected individuals
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Figure 4. The change curve of I(t) with different initial

immune populations
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Figure 5. The change curve of | (t) with initial immune pop-

ulation under random infection rate
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