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An exposure-dependent transmission model
for simulations of disease spread
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O Objective

Models of disease spread often assume constant per-
contact transmission probabilities.

Such an approach ignores that a short, random encoun-
ter might be less likely to transmit a disease than a long,
intense contact.

Infection probability is a function of the amount of infec-
tious agents a person is exposed to [1, 2, 3].

| use contact time as a proxy for the exposure to infec-
tious material and test the effects of an exposure depen-
dent transmission model on spread characteristics.

’ Read activity list and target values

l PersonID | ActivityNo | Duration
- 1 1 25 min
Select one activity out of 1 2 95 min
the activity list by random 1 3 | 1320 min
2 4 1440 min
26104 101458 120 min
26105 101459 5 min
Current 26105 101460 30 min
26105 101461 1405 min
number of contacts of
the corresponding person + 1 Activity list
larger than the
target value?
PersonID | Duration
1476 | 45 min
5678 15 min
Add contact with the duration of the 487 | 1440 min
selected activity to a list of contacts 14325 120 min
1 1320 min
Contact list
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‘ Target versus current state

Data sources [4, 5]

© Conclusions

Simulating the effect of social distancing should not only
focus on the number of contacts, but also on the contact
duration.

The importance of highly connected individuals (poten-
tial super-spreaders) might be overestimated in models
with constant per-contact transmission probability.

Further research on the impact of exposure-dependent
transmission models on simulation outcomes is needed
— in particular research using better data on the structure
and duration of potentially contagious contacts.

® Transmission model

1
})n,tx = 1 - eXp - 82 qm,tx tnm,t)C

m=1

P, Transmission probability for susceptible  at time ¢,
®  Calibration parameter

4. Shedding rate of infector m at time step ¢,

. CoONtact time of susceptible » and infector m at ¢,

1 Total number of infectors

O Results

Expected number of secondary cases for a model adjusted
to R,= 1.5 and based on a contact structure generated as
described on the left (degree distribution u=13.0; 6 =7.5):

7.0

o
=)
1

o
=)
1

»
o
1

8,

14
o
1

g
o
1

k4

Expected number of secondary cases

o
1

,M” “ mzi
AP

—_—

.07

e
. il

T T T T T 17 T T T T T T T T T T°1
13 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Number of contacts

= Models with constant per-contact transmission probabi-
lity show a linear relation between the # of contacts and
the expected # of secondary cases.

= The exposure-dependent approach results in a positive,
but less than linear relation between these variables.

= In particular, a ~constant expected # of secondary cases
seems to be reached for high # of contacts.
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