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Key Insight: Epidemic intensity can be interpreted as interaction strength and correlation
structure in an Ising-type quantum-inspired system.

Motivation
Cholera transmission is driven by nonlinear interactions
between infected individuals and environmental bacte-
rial reservoirs.

• Classical models describe epidemic evolution.
• Interaction structure is usually implicit.

•We propose a quantum-inspired Ising mapping.

Goal: represent epidemic intensity through coupling
and correlation.

From epidemic model to Ising coupling
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Classical Model
We model the coupling between infected individuals
I(t) and environmental bacteria M(t).

λ(t) =
β1M(t)

k +M(t)
+ β2I(t)

• environmental transmission: β1M(t)
k+M(t)

,

• direct human transmission: β2I(t).

Limitation: the nonlinear force of infection does not
explicitly express interaction strength.

Dynamics of human compartments
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Quantum-Inspired Mapping
The epidemic variables are mapped to two interacting
qubits:

I(t) → q0, M(t) → q1.

The effective reproduction measure is

Reff(t) = Rh(t) +Re(t)

The Ising coupling is defined as

J(t) = Jmax
Reff(t)

1 +Reff(t)

Interpretation: higher epidemic intensity corre-
sponds to stronger coupling.

Quantum circuit for infection-environment coupling

q0 Ry(αI) Rz(ϕI)

q1 Ry(αM ) Rz(θIM ) Ry(ϕM )

θIM ∝ λ(t) = β1M(t)
k+M(t) + β2I(t)

Interaction Dynamics
The quantum-inspired dynamics are governed by the
time-dependent Ising Hamiltonian

H(t) = −J(t)
∑
⟨i,j⟩

σzi σ
z
j .

The interaction is implemented using

RZZ(θIM ), θIM ∝ λ(t).

Key idea: Stronger coupling = higher epidemic in-
tensity

Correlation Analysis
To characterize interaction dynamics, we evaluate the
quantum correlation between the two subsystems.

Czz(t) = ⟨ψ(t)|σz1σz2 |ψ(t)⟩

where
|ψ(t)⟩ = e−iH(t)∆t|ψ0⟩.

Interpretation:

• Large Czz(t): strong interaction.

• Small Czz(t): controlled transmission.

• Changes in Czz(t): regime shifts.

Thus, epidemic regimes can be identified through corre-
lation structure without changing the underlying classi-
cal model.

Results and Future Directions
Correlation reflects epidemic intensity under baseline and
intervention scenarios.

Higher correlation = stronger transmission
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Key findings:

• higher correlation indicates stronger trans-
mission,

• lower correlation corresponds to controlled
dynamics,

• intervention effects can be interpreted
through coupling reduction.

Future work:

• quantum implementation,

• real-data validation,

• extension to multi-compartment models.
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