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Abstract

During public health emergencies, disease transmission is not only influenced by biological fac-
tors but also closely related to the diffusion of immune behaviors in the population. In complex
social systems, disease spread is essentially a dynamic process that involves individual immune
decision-making and coevolution. To better understand the decision-making process of immune
behaviors, the coevolutionary transmission characteristics of disease spread, and the underlying
transmission mechanism, researchers have developed a dual-layer immune-disease coupled net-
work model. This model incorporates Evolutionary Game Theory (EGT) in the immune layer and
uses the assumption of rational economic agents to quantify the cost-benefit analysis of individu-
als in their immune behavior decision-making. Using the Micro Markov Chain Approach (MMCA),
researchers have described the evolution of this dynamic system and established an epidemic
threshold. Monte Carlo (MC) simulations have been used to verify the actual impact of vaccine ef-
ficacy, vaccination costs, and vaccine failure rates on the scale of disease transmission. Finally, The
study highlights the critical role of optimizing immune strategies in effectively controlling epi-
demics and offers corresponding management recommendations.
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Figure 1. Two-layer WWW-SIS propagation network structure
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Figure 2. The process of strategic
updates for immune behavior

B 2 REITAKKEITE

SEFAMA B, A EPA AR EL, I3 RS R B WA R E AR, B F RN . (t) A
c’ (t):

cV (t):—[l—q}’v (t)]-cI
c/’ (t)=—c—[1—qiV (t)]c,

ok, BEFRAMA IR PR AL, R RS R I . DT RE R IR . c(0<c <1) £X
RRHERIEA, [1-0) (1) ]-c, (RIS C BRI | T RORA AT RERE T 2 A, 3P
1-q (t) TR R A BOR KR, o, TR AR, BN 1. FEA IR U —F, BB
AT AR R B GERT L ¢ R R IR N (1" (1)]-¢, S 1-qf (t) ok
BeR MR R IOR, c

RLLSET R MU [14], /it BB R RO T F

€]

1

L+exp| (€ ()-CY (1)) /K |

Horh K (0 < K < o0) RIRAMART A Z2 5 (U NE . KRR, AN IO 2 ) oA 22 5l B BURR . FEAS
BRZ - BVERIRTIR R, PR FF T K =01,

2.2. TEIRIEBIE

FEAL QLR IR, 22U SIS (SR - YL - Fh BB HORHA IR AL R . B PIARES
S (BB | (ERALIRE) o ARSCE SORIER 1 5 A ARG IR R oR o8 Y SRR 5 A AR
YRR IR N Y o TS B S o AR A (0 KRR 2 FRAIG, B SI AT T p(0< @ <1) K
Fili o P2 T T SRS R AL RR I RE R, BRI Y = B o TR, JRGMALS R AR E IR E e
71y A BRNMERIRE MR TRy g F2T L3RI ig, W UMS BB SO 2, i 3 P

ﬂ(ﬂ);
E )7,

Figure 3. The process of disease
transmission
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Figure 4. Transition probability tree for three possible states in the model
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Figure 5. Maps of p' as afunction of infection probability
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