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COVID-19 became a pandemic because

 the world doesn’t understand 

complex systems (networks)



Complex systems and disease

3 substitutions

Modified from Gire et al. 2014





At the height of the epidemic, one Canadian infectious-disease expert 
who had come down with SARS herself predicted that the virus would 
spread around the globe: “If we don’t have a vaccine—yes, we are all 
going to get it,” she told Canadian television. Her opinion was shared 

by many that spring. 





Meyers et al. 2004

Poisson social contact network



Meyers et al. 2004

Real-world social contact networks



Meyers et al. 2004

Degree distributions of real-world social networks





Lions, Tigers, and Boxes … oh my
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Model complexity 



Network Epidemiology



Pairwise 

Miller and Kiss 2014



Network Epidemiology
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Standard Calculation



1918 influenza 
R0 ~ 2 

500,000,000 infected

2013-16 Ebola 
R0 ~ 2 

30,000 infected

Same R0, very different stories



Why do these problems exist?

1. hold 

2. hold 

Intrinsic properties of the pathogen

Behavior patterns of the host





Lloyd-smith et al. 2005



Ebola

1918 influenza

Lloyd-smith et al. 2005



Ebola

1918 influenza

Lloyd-smith et al. 2005

COVID-19



Can we get a more “realistic” estimate of size?





Meyers 2007



He ́bert-Dufresne et al. 2020. Proc. Roy. Soc. Interface



He ́bert-Dufresne et al. 2020. Proc. Roy. Soc. Interface



He ́bert-Dufresne et al. 2020. Proc. Roy. Soc. Interface

“A disease needs a high average number of secondary infections 
(high κ1 = R0) to spread, but, given that average, a disease with 
small variance in secondary infections will spread much more 
reliably and be less likely to stochastically die out. Given a variance, 
a disease with high skewness (i.e. with positive deviation 
contributing to most of the variance) will be more stable than a 
disease with negative skewness (i.e. with most deviations being 
towards small secondary infections). Given a skewness, a disease 
will be more stable if it has frequent small positive deviations rather 
than infrequent large deviations—hence a smaller kurtosis—as 
stochastic die out could easily occur before any of those large 
infrequent deviations occur.”



We can connect Lloyd-smith et al. to networks!



Final size estimates for COVID-19

He ́bert-Dufresne et al. 2020. Proc. Roy. Soc. Interface



Final size estimates for COVID-19

He ́bert-Dufresne et al. 2020. Proc. Roy. Soc. Interface



Note the *large* disagreement for COVID-19

He ́bert-Dufresne et al. 2020. Proc. Roy. Soc. Interface



There’s a *potential* benefit to super spreading

Althouse et al. 2020. PLoS Biology



There’s a *potential* benefit to super spreading

No super-spreading, R0 = 2.6

Althouse et al. 2020. PLoS Biology



There’s a *potential* benefit to super spreading

No super-spreading, R0 = 2.6

Super-spreading, R0 = 2.6, k = 0.16

Althouse et al. 2020. PLoS Biology



But there’s a problem…

Allard et al. 2020. arXiv
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But there’s a problem…

Allard et al. 2020. arXiv



But, even with all this, COVID is not so simple



And human mobility matters for pandemic risk



Mobility mattered early on for COVID-19



And, restrictions were important

Kraemer et al. 2020 Science



But, our society is a collection of meta-populations!



What are the consequences?
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But, that’s not what happened…
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What are the consequences?

Watts et al. 2005



What are the consequences?
Watts et al. 2005



What are the consequences?
Watts et al. 2005





Sattenspiel & Ann Herring 1998



Epidemic “intensity”

Dalziel et al. 2018



Epidemic “intensity” and “urbanisation”

Dalziel et al. 2018



Rader & Scarpino et al. 2020. Nature Medicine 



COVID19: Epidemic “intensity” and “urbanisation”
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Rader & Scarpino et al. 2020. Nature Medicine 



Simulating COVID19 through a meta-population

Rader & Scarpino et al. 2020. Nature Medicine 
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Simulating COVID19 through a meta-population



More “intense” outbreaks in more rural areas

Rader & Scarpino et al. 2020. Nature Medicine 



But, what is “crowding?”

https://www.nps.gov/grca/planyourvisit/images/crowding_03pair.jpg

https://www.nps.gov/grca/planyourvisit/images/crowding_03pair.jpg


Lloyd’s mean crowding

By common sense, the degree of crowding that exists at any one 
moment must be a function, not only of the number of animals 
present in a given area, but also of their spatial pattern of 
distribution, their movements, their actions towards each other when 
they meet, and the physiological repercussions which these 
meetings bring about.  

-Lloyd 1967 



And it’s simple to calculate.

m* =
∑i ni(ni − 1)

∑i ni



And should look scarily familiar

m* =
∑i ni(ni − 1)

∑i ni



- Heterogeneous (few people infect many, many people infect few)
- This is especially the case for COVID-19 

- Dependent on spatial structure of the underlying population
- This is especially the case for COVID-19 

- Unequal in terms of who is most impacted (age, race, income, etc.)
- This is especially the case for COVID-19 

- Best understood as a network phenomenon
- This is especially the case for COVID-19 

Transmission of infectious diseases is... 

Brennan Klein, PhD









COVID-19 became a pandemic because
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complex systems (networks)



COVID-19 became a pandemic because

 the world doesn’t understand 

complex systems (networks)

add to that fundamental Theory in Ecology & Evolution



So what can you do?



1. Read and collaborate broadly.

2. Integrate epidemiological models, policies, behavior, etc. 

3. Communicate your work effectively.

4. Understand that the data *never* “speak for themselves.”

5. Build and contribute to diverse, inclusive, and supportive 
communities.

6. Be kind. But firm and resolute in the face of hate, policies 
that cause harm, unsafe/abusive work environments, etc.

So what can you do?

                                                    E.g., know the history of 
our fields, learn what’s know in other fields, and stay up-to-
date on both theory and empirical work. 

Prof. C. Brandon Ogbunu
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1. Read and collaborate broadly.

2. Put differently, *don’t* stay in your lane. Instead, don’t 
assume that just because you’re good at one thing, you’ll 
be good at everything. Nor that you don’t have as much 
or more to learn from as contribute to a new field. 

3. Communicate your work effectively.

4. Understand that the data *never* “speak for themselves.”

5. Build and contribute to diverse, inclusive, and supportive 
communities.

6. Be kind. But firm and resolute in the face of hate, policies 
that cause harm, unsafe/abusive work environments, etc.
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1. Read and collaborate broadly.

2. Integrate epidemiological models, policies, behavior, etc. 

3. Communicate your work effectively. Which also means 
moving beyond single measures of risk.

4. Understand that the data *never* “speak for themselves.”

5. Build and contribute to diverse, inclusive, and supportive 
communities.

6. Be kind. But firm and resolute in the face of hate, policies 
that cause harm, unsafe/abusive work environments, etc.
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So what can you do?
1. Read and collaborate broadly.

2. Integrate epidemiological models, policies, behavior, etc. 

3. Communicate your work effectively.

4. Understand that the data *never* “speak for themselves.” 
BUT, that doesn’t mean we don’t need better data, e.g., on 
the structure of human social networks.

5. Build and contribute to diverse, inclusive, and supportive 
communities.

6. Be kind. But firm and resolute in the face of hate, policies 
that cause harm, unsafe/abusive work environments, etc.
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3. Communicate your work effectively.

4. Understand that the data *never* “speak for themselves.”

5. Build and contribute to diverse, inclusive, and supportive 
communities.

6. Be kind. But firm and resolute in the face of hate, policies 
that cause harm, unsafe/abusive work environments, etc.



So what can you do?

1. Read and collaborate broadly.

2. Integrate epidemiological models, policies, behavior, etc. 

3. Communicate your work effectively.

4. Understand that the data *never* “speak for themselves.”

5. Build and contribute to diverse, inclusive, and supportive 
communities.

6. Be kind. But resolute in working to improve the culture of 
academia and our societies.
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