
Observed Pairwise Data

Testing-time difference: 𝑡𝑖 𝑗
Consensus genetic distance: 𝑔𝑖 𝑗

LATENT TRANSMISSION SCENARIOS (S𝑀 )

Ancestor-Descendant 𝐻AD (𝑚)

Direct transmission 𝑖 → 𝑗 , 𝑚 = 0
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Common Ancestor 𝐻CA (𝑚𝑖 , 𝑚 𝑗 )

Co-primary infection (𝑚𝑖 , 𝑚 𝑗 ) = (0, 0)
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Natural-history Model

Gamma stages (𝐸/𝑃/𝐼)
Incubation period: 𝜏inc = 𝑦𝐸 + 𝑦𝑃
Generation time: 𝜏gen = 𝜏inc + 𝑦toit
Testing delay: 𝑥test

Clock rate: 𝜆 = 𝜈𝐿/365 (strict or relaxed)

MC Temporal Draws

AD: 𝑇𝑠 =
∑𝑚

𝑟=0 𝜏gen,𝑟 + 𝜏obs, 𝑗 − 𝜏obs,𝑖

CA: 𝑇𝑠 =
∑𝑚 𝑗+1

𝑠=1 𝜏
( 𝑗 )
gen,𝑠 −

∑𝑚𝑖+1
𝑟=1 𝜏

(𝑖)
gen,𝑟 + 𝜏obs, 𝑗 − 𝜏obs,𝑖

Signed difference for temporal ordering

Temporal Compatibility

𝐶𝑇,𝑠 = 1 − 2| Pr(𝑇𝑠 ≤ 𝑡𝑖 𝑗 ) − 0.5|

MC Genetic Draws

AD: 𝐵𝑠 =
∑
𝜏gen + 𝜏inc, 𝑗 + 𝜏obs, 𝑗 − 𝜏obs,𝑖

CA: 𝐵𝑠 =
∑
𝜏
(𝑖)
gen +

∑
𝜏
( 𝑗 )
gen + 𝜏obs,𝑖 + 𝜏obs, 𝑗

Deterministic: 𝐺𝑠 = 𝜆𝐵𝑠 or stochastic: 𝐺𝑠 ∼ Poisson(𝜆𝐵𝑠)

Genetic Compatibility

𝐶𝐺,𝑠 = 1 − 2| Pr(𝐺𝑠 ≤ 𝑔𝑖 𝑗 ) − 0.5|

Aggregated Compatibility Score

Scenario: 𝐶𝑠 (𝑖, 𝑗) = 𝐶𝑇,𝑠 · 𝐶𝐺,𝑠

Target Set: 𝐶S★
(𝑖, 𝑗) = ∑

𝑠∈S∗ 𝐶𝑠 (𝑖, 𝑗)


