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Human mobility affects how pathogens spread

Wesolowski et al., Science (2012)

Balcan et al., PNAS (2009)

gleamviz.org

Balcan et al., PNAS (2009)

Kong et al., BMC ID (2013)

http://gleamviz.org


Human mobility affects how pathogens evolve
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But… how do humans move?

Ti,j =
N↵

i N
�
j

f(di,j)
hTi,ji = Ti

NiNj

(Ni + si,j)(Ni +Nj + si,j)

Mossong et al., PLoS Medicine (2008)De et al., STI (2004) Wertheim et al., PLoS Pathogens (2017)

Simini et al., Nature (2012)Zipf, Am Soc Rev (1946)

Bulk movement

Interpersonal mixing

The ‘gravity model’ The ‘radiation model’
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The            app:
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The            app:
• Social contacts 
• Geographic location (>1km) 
• UK-wide
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The            app:
• Social contacts 
• Geographic location (>1km) 
• UK-wide

• Geographic location (>1m) 
• Haslemere only
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The National study

Probability of being more than ‘x’ meters away from the first recorded location

Klepac et al., Epidemics (2018)
introduction       -       national study       -       haslemere study       -       strain dynamics



The National study

Age distribution of contacts

Klepac et al., Epidemics (2018)
introduction       -       national study       -       haslemere study       -       strain dynamics



Movie credit: Julia Gog



The Haslemere study
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The Haslemere study

Each link represents an 
encounter w/in 20m 

during one quarter-day

Each node represents a 
study participant

Kissler et al., coming soon
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Host structure
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Host structure
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Strain dynamics
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Buckee et al., PNAS (2004)



Strain dynamics

Buckee et al., PNAS (2004)
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Strain dynamics

| {z }
Discordant set

Buckee et al., PNAS (2004)
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Strain dynamics

| {z } | {z }
Discordant set Discordant set

Buckee et al., PNAS (2004)

introduction       -       national study       -       haslemere study       -       strain dynamics



Strain dynamics

| {z } | {z }
Discordant set Discordant set

?

Buckee et al., PNAS (2004)
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Strain dynamics

| {z } | {z }
Discordant set Discordant set
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Buckee et al., PNAS (2004)
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Simulating transmission
Day Quarter-day Hour

5840 iterations total 
(one ‘year’, 16h/day)
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Simulating transmission

infectedinfected

Event Probability

Infection v�
Lose immunity �
Clear infection µ

Mutation ⌧

immune
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Simulating transmission
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Typical output
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Increasing cross immunity
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The transition to strain structure

introduction       -       national study       -       haslemere study       -       strain dynamics



The transition to strain structure
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The transition to strain structure
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The transition to strain structure
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The transition to strain structure
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The transition to strain structure
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The transition to strain structure

0 1000 2000 3000 4000 5000
0.

0.2

0.4

0.6

0.8

1.
Random, γ = 0.6

0 1000 2000 3000 4000 5000
0.

0.2

0.4

0.6

0.8

1.
Random, γ = 1.2

● ● ● ● ● ● ●

●

●
● ●

■ ■ ■ ■
■

■
■

■ ■ ■ ■

◆ ◆ ◆

◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆

▲ ▲ ▲ ▲
▲ ▲

▲

▲

▲ ▲ ▲

▼ ▼ ▼ ▼ ▼
▼

▼

▼

▼
▼ ▼

○ ○ ○ ○

○

○

○ ○ ○ ○ ○

0.6 0.8 1.0 1.2 1.4

4

8

12

16

20

γ

su
m
of
sq
ua
re
s
(x
10

7 )

● Daily

■ Quarterly

◆ Hourly

▲ Daily, random

▼ Quarterly, random

○ Hourly, random

introduction       -       national study       -       haslemere study       -       strain dynamics



Immunity over time
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For the real network, strain structure 

emerges at lower levels of cross immunity
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Thank you!


