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Abstract

We systematically investigate the influence of the clustering coefficient on epidemic
spreading based on a pairwise SIS approximation model on simplicial complexes. We
prove that in the absence of clustering, the trivial equilibrium is a saddle point, the
system admits a unique globally asymptotically stable nontrivial equilibrium, and
the existence of the invariant line is rigorously established, thereby clarifying the
approximation used in the original model. The results show that in the presence of a
clustering, the system exhibits an Isola bifurcation and significant multistability. As
the clustering coefficient increases, the Isola bifurcation range expands, the region of
multistability enlarges, and a higher clustering coefficient also amplifies the system’s
sensitivity to initial infection conditions. Further analysis indicates that the higher-
order structural parameter (the average number of 2-simplices per node) suppresses
multistability: for a fixed clustering coefficient, a smaller average number of 2-simplices
leads to a larger Isola bifurcation range; the higher the clustering coefficient, the more
pronounced the suppressive effect of the average number of 2-simplices. In summary,
our findings reveal that the clustering coefficient is a key factor inducing multistability
and Isola bifurcation in the system, and clarify the role of the average number of
2-simplices in clustering modulation, providing a theoretical basis for non-extreme

intervention strategies targeting gathering activities.
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Figure 1. Phase portrait of z and y, where k =5, § = 0.01, A = 0.001, kan =2, p=0.4
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Figure 2. Time series of x under different clustering coefficients, where k = 5, 8 = 0.01, A = 0.001,
ka=2,p0=04
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Figure 3. (a) Bifurcation diagram of system (2) for ¢ = 0.55. LP denotes limit point; solid lines represent
stable branches, dashed lines unstable branches; the green line corresponds to the nontrivial equilibrium E*,
and the red line corresponds to the trivial equilibrium FEy. (b) Two-parameter bifurcation diagram in ¢ and p
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Figure 4. Bifurcation diagrams of Isola bifurcation occurring in system (2) under different clustering coefficients
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Figure 5. Effect of the higher-order parameter kA on Isola bifurcation for different clustering coefficients
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