
Supplementary information
S1 Simulating the spread of disease on

temporal network data

The backbone of the SEIR simulation algorithm is shown
in Figure S3. Here we give details about the parameters
in the model and describe additional features that are not
shown in the figure.

S1.1 Transmissibility β

For the RFID data, the value of β is calculated for each
data set separately in a way that makes the outcome of
the simulation sensitive to the other parameters and not
dominated by a β value that is too large (causing every
simulation to be an epidemic) or small (causing all out-
breaks to die-out in one generation). This is achieved by
choosing β such that a typical individual infected at a
random point in time in a otherwise fully susceptible pop-
ulation is expected to infect exactly 1 other. This can be
calculated by solving

Total interaction duration

Population size × Total duration
× ∆̂I × β = 1

The quotient on the left hand side is the probability that
the individual will be engaged in contact. This is then
multiplied by the number of seconds for which they re-
main infectious (in all cases we use ∆̂I = 2), and again
by the probability that transmission will occur during any
one of those seconds. This gives β = 0.0049 for the con-
ference data, β = 0.0019 for the hospital, and β = 0.0009
for the primary school.

Note that this method involves averaging over the en-
tire duration of the data, including periods of both high
and low activity. In practice, if the host is infectious dur-
ing a high activity period then the the number of sec-
ondary infections we would expect them to cause will be
significantly higher than 1. Conversely, if are infectious
during a time of low activity then it will be significantly
lower.

S1.2 Asymptomatic proportion a

Some members of the population may show no signs of in-
fection (up to 28% reported for influenza [1] and 32% for
rhinovirus [2]), or might just ignore them completely, in
which case their behavior does not change. At the begin-
ning of the simulation, a random sample of the population
are chosen to be asymptomatic. These individuals, who
make up a fraction a of the total population, have an in-
fectious period of 24 hours. We also acknowledge that
immunocompromised individuals are asymptomatic and
infectious for extremely long periods of time [3], however,
we consider these cases to be too rare to incorporate into
the model.

S1.3 Latent period dispersion σ
(E)
g

The duration of the latent period may vary between indi-
viduals depending on their age, gender, or other charac-
teristics [4–7]. While the latent period and the incubation
period are not the same, we assume that the biological
factors determining their length to be similar, i.e. the
processes described in [8], and thus we assume that the
distribution of latent periods is log-Normal [9]. In the
simulation, the latent duration for each infected individ-
ual is drawn from a log-Normal distribution with mode

∆̂E and dispersion factor σ
(E)
g (the geometric standard

deviation of the distribution). We use σ = σ
(E)
g and

µ = σ2 + log(∆̂E) to get the standard parameters for the
log-Normal distribution.

S1.4 Perseverance 1/kI

Once infected, the behavioral response of individuals may
vary; some might leave the system (or take other measures
to prevent infection) immediately, whereas some may re-
main a risk to others for a more prolonged duration [10].
In the simulation, the duration of the infectious period of
each individual is randomly selected from a gamma distri-
bution with a mode of ∆̂I hours. We define perseverance
as 1/kI where kI is the shape parameter of the gamma dis-
tribution. By choosing the scale parameter of the Gamma
distribution to be θ = ∆̂I/(kI−1) we ensure that the mode
does not change while increasing the perseverance fattens
the the tail of the distribution.

S2 Features for urban population model

S2.1 Transmissibility βh and βw

For the urban contact network model, beta was chosen
so that the run-time of the three sickness behavior sce-
narios were approximately equal. This corresponds to an
approximately equal number of infections occurring in all
three scenarios across all latent period durations.

Additionally, since fewer contacts ocurred during the
evening (mean degree at home k̄h = 2.28) than there
are during the morning and afternoon hours (k̄w = 14.15
away from home), we expect the intensity (or frequency)
of these interactions to be higher. To achieve this, each
information about the location of each contact was used;
we set the transmission rate to be higher for household
contacts than for contacts that occur elsewhere. In par-
ticular, we set the two different values of the transmission
probabilities, βh and βw, so that k̄hβh = k̄wβw = β.

For the analysis presented we chose β = 2.3 × 10−5,
β = 1.3 × 10−4, β = 3.6 × 10−4 for models I, II and III,
respectively.
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S2.2 Sickness behavior

To incorporate the idea that sickness behavior might not
depend on a fixed amount of time but instead depend on
how one feels when they wake up in the morning, we added
the following dynamic to the simulation: if the onset of in-

fectiousness happens between 8am and 4pm on any given
day, then the individual will remain at work until 4pm
but beyond this time all work contacts will be ignored by
the simulation. If infectiousness begins at a time outside
of this range, all of their work contacts are ignored by the
simulation.

Figure S1: An example showing the difference between a 12 and 24 hour latent period. For both scenarios, we consider
the same contact sequence. The color and pattern of the line represent the disease state of the individual. The color of the
shaded region between two lines represents an either a potentially interaction (in the bottom panel the infectious period
of Y begins during the interaction between Y and Z). Individual X is infected on the morning of the first day. When
infected with a disease with a 24-hour latent period, the infection can reach both individuals Y and Z; however, with a
12-hour latent period, it can only reach individual Y.
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Figure S3: The backbone simulation SEIR model for temporal network data. Details of the meaning of the parameter
values are found in Section S1. Arrows show the order in which operations are to be completed. Blue boxes represent
conditional rules of the algorithm; green ticks indicate the next operation if the answer is yes, red crosses if the answer is
no.
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Figure S4: Latent periods of infectious diseases based on information gathered from the literature. The bold line represents
range of possible latent periods that can be estimated with high certainty. The thin line represents that the latent period
could be longer or shorter but there is disagreement among sources. Time is in days for the left panel and in weeks for
the right. The latent period range for pulmonary TB was shortened for ease of viewing (actual upper bound is 12 weeks).
All information shown, as well as incubation and infectious periods, are provided in Table S1.

Table S1: The maximum range of latent, incubation, and infectious periods, where available, for several transmissible
diseases, as collected from the literature.

Disease Latent period Infectious period Incubation period

Rhinovirus 8 - 18 hours [11] 7 - 14 days [2] 1.4 - 2.4 days [12] or 16
hours [11]

Seasonal flu [13] 0.5 - 3 days, average 1.1
days

4.31 - 5.29 days, average
4.8 days

1 - 3 days

Influenza A (H1N1) [14] 0.7 - 1.9 days mode 2.2
days

1.7 - 7.0 days, average 4.8
days

1.0 - 2.4 days

Influenza A (H1N1 and
H3N2) [15]

1.5 - 1.7 days, mean 1.6
days

0.5 - 1.7 days, mean 1.0
day

not provided

Pink eye (bacterial) [16,
17]

24-72 hrs 7 - 10 days or until 24
hours after start of antibi-
otics

24-72 hrs

Pink eye (viral) [16,17] 12 - 72 hour usually 5 - 7 days, can be-
come chronic

12 - 72 hour

Enterovirus D68 [18] 3 days 1 - 3 weeks, average 10
days

3 - 6 days, others say 3 -
10 days

Rotavirus [16,18] 48 hours or less 6 - 11 days 48 hours
Scarlet fever [16] 12 hours - 7 days 1 - 2 weeks 12 hours - 7 days, usually

2 - 5 days
Cholera [16,18] 2 hours 7 - 14 days 2 hours 5 days, usually 2

- 3 days
Norovirus [18] 12 - 94 hours 4 - 6 days 12 - 48 hours
Shigellosis [18] usually 1 - 3 days, up to 7

days
2 days up to “a few weeks” usually 1 - 3 days, up to 7

days
SARS [18] usually 2 - 7 days, up to

10 days
2 - 21 days usually 2 - 7 days, up to

10 days
Measles [18] 6 - 15 days 9 days 7 - 14 days (cold-like

symptoms), 10 - 19 days
(rash)

Chickenpox [16] 10 - 21 days 6 - 8 days 10 - 21 days
Mumps [18] 9 - 22 days, usually 13 - 15

days
8 days 12 - 25 days, usually 16 -

18 days
Typhoid fever [18] 10 days to about 1 week

after symptoms onset
usually 2 weeks, can be up
to 1 year

usually 15 - 21 days

P. tuberculosis [17,18] 2 - 12 weeks 2 weeks 2 - 12 weeks

S5


