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Abstract

In view of the multi-host cyclic transmission of norovirus among humans, shellfish, livestock, and
water sources, this paper constructs a dynamical model to characterize the temporal evolution of
the virus. By calculating the basic reproduction number, we establish the threshold theorem. Utiliz-
ing the theory of monotone dynamical systems and limit systems, we prove that when the basic re-
production number is below unity, the disease-free equilibrium is globally asymptotically stable,
indicating that the virus will eventually die out; when it exceeds unity, the system admits a unique
globally stable endemic equilibrium, implying that the virus will persist endemically. Numerical
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simulations and data fitting confirm the model’s validity, laying a theoretical foundation for preci-
sion prevention and control strategies against norovirus.
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Figure 1. Transformation flow chart of all populations for the S,1,5,/,S,,W model
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Figure 2. Norovirus outbreak fitting
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Table 4. Parameter values for R, <1

F4. R <1 BHEE

24 HUE ZH HUE 24 HUE
A, 0.5 A, 0.5 A, 0.1
Hy 0.1 Uy 0.1 7, 0.2
By 0.15 4, 0.025 My 0.008
B, 0.05 Ya 0.022 n; 0.004
By 0.01 7 0.02 M, 0.015
Oy 0.05 O, 0.03 0, 0.42

Table 5. Parameter values for R, >1

=5 R >1SHEVE

24 HUE 2 HUE 24 HUE
A, 20 A, 12 A, 10
H 0.1 "y 0.1 )z 0.015
B, 0.005 u, 0.025 M 0.008
B, 0.05 Ya 0.022 1y 0.004
B, 0.08 7 0.002 N, 0.03
0, 0.06 0, 0.035 0, 0.42
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