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Central topic in NS since its very inception (i.e. late 1990s) 

Highlight how network structure shapes the dynamics 

‣ Offers a richer picture than R0 (e.g. superspreading events) 

‣ Friendship paradox: not all infected individuals are equal (e.g. impact on contact tracing)

https://doi.org/10.1098/rspb.1999.0716
https://doi.org/10.1103/PhysRevE.61.5678
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Reaction of the health authorities in Sierra Leone 
‣ focused on supportive care 
‣ invested significantly in behavioural interventions 

‣ community engagement 
‣ traditional contact tracing 

‣ systematically recorded information 
‣ 117 Call Center system and district alert phone lines 
‣ case investigations 
‣ laboratory sample testing 
‣ clinical management 
‣ safe and dignified burial records 

‣ created the SLED 
‣ family reunification program 
‣ epidemiological research

SLED is multiscale 
‣ population: daily incidence 
‣ communities: size of regional outbreaks (chiefdoms) 
‣ individuals: number of secondary infections
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The model

We consider transmission networks (instead of contact networks) 
‣ edges are contacts that will transmit if given the chance 
‣ edges are infections, not just contacts 
‣ average excess degree is R0

https://doi.org/10.1101/2020.02.26.20028431
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The model

We consider transmission networks (instead of contact networks) 
‣ edges are contacts that will transmit if given the chance 
‣ edges are infections, not just contacts 
‣ average excess degree is R0

From contact tracing data, 
1. we infer the distribution secondary infections 
2. we build a probabilistic model of transmission trees

https://doi.org/10.1101/2020.02.26.20028431
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Transmission characteristics of the COVID-19 outbreak in China: a study driven by data, medRxiv (2020)

The model

We consider transmission networks (instead of contact networks) 
‣ edges are contacts that will transmit if given the chance 
‣ edges are infections, not just contacts 
‣ average excess degree is R0

From contact tracing data, 
1. we infer the distribution secondary infections 
2. we build a probabilistic model of transmission trees

https://doi.org/10.1101/2020.02.26.20028431
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Probability generating functions (PGFs) formalism

ω assuming a very, very large population (i.e. neglecting !nite-size e"ects)

ω patient zero causes k secondary infections with probability pk (degree distribution of the transmission network)

G0(x) = + x+ x
2 + x

3 + . . . =
→∑

k↑0

pkx
k ; →k↑ =

→∑

k↑0

k pk = G
↓
0(1) ; →k2↑ =

→∑

k↑0

k
2
pk

ω a newly infected individual causes k new infections with probability qk = (k + 1)pk+1/→k↑ (excess degree distribution)

G1(x) = + x+ x
2 + x

3 + . . . =
→∑

k↑0

qkx
k =

→∑

k↑0

(k + 1)pk+1

→k↑ x
k =

G
↓
0(x)

G
↓
0(1)

ω average number of secondary infections a newly infected individual causes

G
↓
1(1) =

→∑

k↑0

k qk =
→k2↑ ↓ →k↑

→k↑ ↔ R0

ω all outbreaks will eventually die out when R0 < 1

ω some outbreaks will eventually die out when R0 > 1



Probability generating functions (PGFs) formalism

ω probability u that an outbreak eventually dies out

u = = + + + + . . . =
→∑

k↑0

qku
k = G1(u)

ω fraction of the population infected in an epidemic wave (and the probability of such wave) is

R(→) =
→∑

k↑0

pk(1↑ u
k) = 1↑G0(u)

ω probability that an outbreak will eventually die out after having s secondary infections is

rs =
1

s!

ds
G0

(
H1(x)

)

dxs

∣∣∣∣∣
x=0

where H1(x) is the solution of the self-consistent relation

H1(x) = = + + + + . . . = x

→∑

k↑0

qk [H1(x)]
k = xG1

(
H1(x)

)

The model

6
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Connecting the individuals and communities scales

7

Forward predictions: from the distribution of the number of sec-
ondary infections ({qk}) to the outbreak size distribution ({rs})

Backward predictions: from the outbreak size distribution ({rs}) to
the distribution of the number of secondary infections ({qk})

Knowing the size of 4013 outbreaks {Xn}n=1,...,4013

1. choose a parametric distribution for {qk} with parameters ω (ex.: negative
binomial)

2. sample the posterior distribution for the parameters

P (ω|{Xn}) → P ({Xn}|ω)P (ω)

= P (ω)
4013∏

n=1

rXn

Challenge 1: {qk} cannot be extracted from SLED since it makes no dis-
tinction between

1. cases that dit not lead to secondary infections

2. cases for which no further contact tracing was done

Challenge 2: estimate robustness of the distribution of secondary infec-
tions



Input: cumulative incidence time series over a 90-day period {It}t=1,...,90

Assumptions:

ω number of secondary infections is distributed according to a negative binomial

qn → P (n|R0, k) =
!(n+ k)

!(n+ 1)!(k)

(
R0

R0 + k

)n (
1↑ R0

R0 + k

)k

with mean R0 > 0 and dispersion k > 0

ω serial interval (i.e. time between infections) is distributed according to a Gamma

Q(t|ε,ϑ) = ϑω

εω!(ϑ)
tω→1e→

ωt
ε

of mean ε > 0 and shape ϑ > 0

Connecting the population and communities scales (via individuals)

8

Approximate Bayesian Computation (ABC)

1. generate a sample for (R0, k,ω,ε) and ε from a uniform
prior distribution

2. generate a sequence of cumulative incidence {Ĩt} using
(R0, k,ω,ε)

3. (R0, k,ω,ε) is added to the sample of the posterior distri-
bution if

ϑd =
|Ĩd → Id|

Id
< 0.30 for d = 15, 30, 45, 60, 75, 90

Output: distribution of outbreak size {rs} for each (R0, k) in
the posterior distribution
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Assumptions:

1. the communities (chiefdoms) were the characteristic scale of the epi-
demic

ω secondary infections remained con!ned within chiefdoms

ω each outbreak within chiefdoms was e"ectively an independent re-
alization of the same stochastic process ({rs})

2. the distribution of secondary infections ({qk}) did not change through
time

ω very surprising given the scale of epidemic control e"orts



Why did this work?

9

Why did the epidemic stop?

ω not because of a reduction in local transmission patterns (secondary in-
fections), although interventions reduced the mortality rate from 75% to
40%

ω but rather the reduction of introduction in new clusters (primary cases)

Assumptions:

1. the communities (chiefdoms) were the characteristic scale of the epi-
demic

ω secondary infections remained con!ned within chiefdoms

ω each outbreak within chiefdoms was e"ectively an independent re-
alization of the same stochastic process ({rs})

2. the distribution of secondary infections ({qk}) did not change through
time

ω very surprising given the scale of epidemic control e"orts
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