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Effectiveness of Transmission Tracing

We assume the test has perfect specificity, sensitivity of a x 100%, and that the test results of
any two individuals are independent conditional on their true infection status (that is, there are
no strain effects that would cause two people infected by the same source to be more likely to
both incorrectly test negative).

The value of the transmission tracing strategy depends on two key points: that an
individual who has transmitted to at least one contact is more likely to have transmitted to more
contacts than an individual not known to have transmitted at least once; and that a low-
sensitivity test has a high probability of identifying a group of infected contacts who are all
tested.

The first point relies on the negative binomial distribution of secondary cases. The
expected number of infected contacts of an individual is E[Z] = R,. We can reparameterise the
Ro/k
of an individual given that they have infected at least one individual is: E[Z|Z > 1] =
Ro
1-a-p)*
known to have infected at least one contact is higher than the probability of any contact of an

index individual not known to have infected any contacts.
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negative binomial distribution by letting p =

When E[Z|Z = 1] — Ry > 1, the probability of any other contact of an index individual

The second point relies on the independence of test results among secondary cases. If
this condition holds, then the probability of at least one positive test among n infected
individuals is given by: P[> 1 positive test among n infected individuals] = 1 — (1 — a)™. Even
for low sensitivity values, this probability increases quickly as n increases.

More concretely, we can calculate the expected number of secondary cases
isolated/quarantined under strategies A, B, and C. The expected number of secondary cases
per index case isolated by transmission tracing (strategy A) is:
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The expected number of secondary cases per index case quarantined by quarantining all
contacts (strategy B) is E[Zg] = R,. The expected number of secondary cases per index case
who test positive (and are thus isolated under strategy C) is:

E[Z;] = RyP[positive test|infected] = aR,.



Cost of Transmission Tracing

We use the proportion of index cases whose contacts are isolated as a proxy for the cost (in
terms of number of people isolated and resources spent on epidemiologic measures for isolated
individuals) of the strategy. For strategy B, the proportion quarantined is 1. For strategy C, this
proportion is less relevant as individuals are isolated based on their own test results rather than
based on the source of their potential infection. For transmission tracing (strategy A), the
probability that an index case’s contacts will be isolated is given by:

Plisolated] = P[Z = n]P[= 1 positive test among n infected individuals]
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This cost can be measured in different ways in different settings: the economic cost of
guarantine and isolation of individuals, the social and individual burden of the stress of

guarantine and isolation, and the effect of unnecessary quarantine and isolation on perception
of and compliance with current and future public health efforts.
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