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CHAPTER 1   
WHY DO VIRUSES 
SPREAD IN 
WAVES? 

In this chapter, you’ll learn how viruses spread. It will help you 

understand why pandemics grow in waves (hint: it’s not just about 

seasonality) and why different countries experienced the virus in 

different ways. 

 

Figure 1 – The three waves of the Spanish Flu. 

Anyone having looked at this chart in 2020 would have known to expect further COVID waves. 
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FIVE FACTORS 

There are five main factors driving waves. 

The first is seasonality: everything else being equal, coronaviruses are 

more contagious during cold seasons.  

The second factor is behavior. Often, when a virus spreads, the 

population notices and becomes more cautious. That causes the virus to 

spread more slowly, until the population gets complacent, at which point 

the virus spreads faster again, and so on, wave after wave. 

The third factor is immunity. When a virus first hits a country, it finds a 

population that lacks immunity and ravages it, and the wave grows. 

However, after some time, the population acquires immunity, making it 

hard for the virus to spread, and the wave recedes. 

The fourth factor is variants. Every now and then, a virus mutates into a 

new strain. If the new strain causes enough cases, researchers notice it 

and call it a variant. What often happens is that after a virus spreads, the 

population adapts (changing its behavior or acquiring some immunity), 

slowing the spread. Until a more contagious variant appears, to which 

the population is less adapted. Then, the variant spreads fast, causing a 

new wave until the population adapts, and so on, wave after wave. 
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It’s hard to know how the four factors seen so far – seasonality, behavior, 

immunity, and variants – weigh against each other. Probably, it depends 

on the country at hand. 

That said, I found this chart indicative. It represents new daily COVID 

cases in South Africa, and is posted here with the consent of its author, 

Professor Tom Wenseleers of KU Leuven University. 

 

As you can see, the waves are correlated with variants. There might also 

be some seasonal effect (peaks both in summer and winter – note that 

South Africa’s summers are cold, and their winters are warm, but more 

cases could be brought in by travelers coming from colder regions 

experiencing waves) and some behavioral and immunity effects 

responsible for the quick drops in cases. 

Of course, that’s a chart of South Africa only, and other countries might 

not have their waves so well defined. 
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THE FIFTH FACTOR 

The four factors described above – seasonality, behavior, immunity, and 

variants – are relatively easy to observe. After all, it’s clear when it’s 

winter, when policies require people to be more cautious, and when a 

new variant appears. And yet, if you plotted these factors against your 

country’s cases over time, you would notice that they explain part of the 

wave phenomenon, but not all of it. 

I’ve recently come across a hypothesis that completes the understanding 

of the wave mechanic. Phillippe Lemoine recently wrote an article1 in 

which he notes that individuals are members of networks.   For example, 

you might have a family, a circle of friends, a group of colleagues, and a 

gym at which you exercise – four networks. 

 

These networks 

are fundamental to 

how viruses spread, 

as explained on the 

next page. 

 

1 “Have we been thinking about the pandemic wrong? The effect of population structure on transmission,” 

Phillipe Lemoine, 2021-11-22. 
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Networks are internally well-connected (you meet your gym pals 

regularly) but poorly connected between them (your gym pals don’t 

often meet people going to another gym). What plausibly happens, in 

some measure, is that the virus reaches a network and spreads fast within 

it. Your gym pal gets sick, and suddenly half of the gym is sick too. That 

causes the network members to build some immunity, which will slow 

the virus. After initial success, the virus will find a hard time spreading 

within your gym. However, after some time, the virus will make its way 

to another network, which doesn’t have any immunity yet, and will 

spread there. One of your gym pals infects a colleague, and then the virus 

spreads within the office. 

In general, the virus fills a given network as a single wave – a fast initial 

rise as the population doesn’t have immunity, then a slow-down as most 

got infected – and then creates a new wave once it suddenly transitions 

to another network, whose members aren’t immune yet. 

 We observe this phenomenon as a series of waves. 

  

The virus doesn’t spread across a population. 

It spreads from network to network. 

This causes waves. 
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A VISUAL REPRESENTATION 

First of all, excuse my poor graphical skills. That said, I hope that the 

chart below increases your understanding of how networks cause waves. 

It shows the evolution of new daily cases per network. 

 

At first, the virus is spreading in the first network only (dotted line). At 

some point, someone from the first network infects someone in the 

second one. Then, cases start to spread in the second network (short-

segmented line). Soon, the virus spreads to the third network. 

If we plot total cases (continuous line), we observe a wave-like pattern. 

It’s composed of two wave components: the waves inside each network 

and the spread to new networks. 

Again: networks – their structure and whether they’ve already been 

reached by the virus – are a key determinant of waves. 
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ADDITIONAL FACTORS 

Across the past few pages, we’ve seen five factors, each individually 

producing some wave-like phenomenon. None of these alone is 

responsible for the shape of a chart of cases within a country. However, 

together, they can explain much of it. 

Other factors might contribute, too. For example, yearly recurrences 

such as Christmas or Thanksgiving connect people from different 

networks, potentially fueling new waves. 

The five factors covered so far explain the wave mechanic but not why 

countries with similar climates, policies, and variants have different 

numbers of cases. Part of the disparity is simply due to the natural 

randomness of a chaotic process with multiplicative dynamics: the classic 

“butterfly effect,” where the butterfly might be a single superspreader.2 

And part of the disparity might be due to cultural or topological 

differences. 

That said, I believe that most of the difference in country outcomes is 

explained by a concept I named attack surface. The next chapter 

explains it with an example. 

 

2 Chaos theory purists, forgive me this imperfect example. As elsewhere in this book, in the inevitable trade-

off between clarity and precision, I favored the former. 
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ATTACK SURFACE 

Imagine two twin countries, A and B, identical in all respects. On the 1st 

of March 2020, they both have 30 cases. However, in country A, the 

cases are concentrated in the capital, whereas in country B, they are 

evenly distributed between the ten largest cities. Those twin countries 

would experience very different waves. 

The 30 cases of country A, which all reside in the capital, are likely to be 

part of the same network. For example, they might be all friends of the 

same patient zero. Therefore, in the initial weeks, the virus only has 

access to one network (patient zero’s social contacts) plus those adjacent 

to it (his social contacts’ contacts). 

Conversely, in country B, the 30 cases are divided between the ten 

largest cities. Therefore, in the initial weeks, the virus has access to ten 

networks plus those adjacent to them. It has access to more people to 

infect than in country A. It has more space to grow. It has a larger attack 

surface. Therefore, the first wave will hit country B much harder. 

How cases are distributed influences how many people the virus can 

infect during the following weeks. It might cause two countries with the 

same initial number of cases but differently distributed to have different 

outcomes. 
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DEFINING THE ATTACK SURFACE 

A virus’ attack surface is the number of people it has access to. It 

corresponds to the number of regular social contacts of the currently 

infected. 

The attack surface is important because it’s the main factor influencing 

how many new infections there will be in the short term. As we’ve seen 

in the previous page’s example, a virus’s attack surface can be very 

different from its number of cases. Countries A and B shared the same 

number of initial cases, but the larger attack surface in B caused it to 

experience a much harsher wave. 

MORE DETAILS ABOUT THE ATTACK SURFACE 

Given a number of cases, a virus’ attack surface depends on how these 

cases are distributed and the structure of networks they are a part of (e.g., 

people’s social lives and their professional ones, but also a city’s logistic 

infrastructure, and so on). 

Additional factors might influence whether a large attack surface 

converts into many new infections – for example, whether people on the 

attack surface use protections or have acquired some form of immunity. 

Also, networks are dynamic – for example, people tend to go out less 

during a wave of cases, temporarily shrinking their social network. 

That said, the attack surface is a useful concept to estimate the short-term 

evolution of a pandemic. 
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DIFFERENT ATTACK 
SURFACES, 
DIFFERENT OUTCOMES 

A different attack surface explains why different countries have 

different outcomes. For example, Sweden’s first COVID wave was 

much lighter than Italy’s. I hypothesize it was due to the virus’ attack 

surface having been much smaller in Sweden than in Italy. 

I have two complementary hypotheses as to why it was smaller. First, 

there may have been fewer cases in Sweden to begin with. So, fewer 

“seeds” for the virus to spread from. And secondly, Sweden is less 

densely populated than Italy. Therefore, all other things being equal, its 

networks are smaller. Given the same number of infected, the attack 

surface will be smaller for Sweden than Italy. 

Some people also suggested that the average Swede has less frequent or 

less close social contacts than the average Italian, but I haven’t been in 

Sweden for the past twenty years, so I cannot say whether that’s correct. 

That said, the general rule is never to compare countries without also 

comparing their network structure and how their cases are distributed 

across them. 
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CLUSTERS 

In theory, the virus’s attack surface is a handy concept to estimate its 

short-term evolution and plan countermeasures. In practice, however, it 

is hard to estimate the virus’s attack surface. This is because most 

countries have too many cases to count the contacts of the infected. 

What countries can do, though, is to reason in terms of clusters, which 

are easier to estimate. Everything else equal, a country with 100 cases 

distributed over 10 clusters has a larger virus attack surface than a 

country with 100 cases distributed over a single cluster. 

I know, even just to count the number of clusters is hard, now that most 

countries are swamped with cases. But it could have been doable in early 

2020. In fact, since March 2020, I’ve been arguing that the number of 

clusters is a more important metric than the number of cases. It better 

estimates the virus’ attack surface and thus its potential to generate cases 

in the short term. 
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A PRACTICAL ALTERNATIVE 

I suspect most readers to live in a country with too many cases to expect 

their government to count the number of clusters. However, you can take 

matters into your hands and count those that matter for you. For example, 

if you know two people with COVID that know each other, it’s one 

cluster within your social circle. On the other hand, if you know two 

people with COVID that don’t know each other, you have two clusters 

within your social circle: that’s a sign of high risk, and you should take 

more precautions when going out in your neighborhood. Not just 

because you might encounter someone you know with early stage of 

COVID, but because once you observe two clusters, it’s a sign that there 

might be many more out there (clusters are “cockroach metrics,” as 

defined in Chapter 1.) 

This approach might also be helpful for local governments of isolated 

towns, where counting clusters is still easy and meaningful. The more 

granular the cluster, the better. Ideally, in the early stages of a pandemic, 

we would count how many companies currently have cases, how many 

neighborhoods, how many sports teams, and so on. 

LIMITATIONS 

Thinking in terms of the number of clusters makes sense in the initial 

phase of a pandemic (or of a variant), when clusters are small. However, 

it becomes less useful as a pandemic matures, and some clusters become 

huge, encompassing many local networks. 
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CHAPTER SUMMARY 

Before continuing, a summary of the four most important points seen so 

far. 

1) Pandemics spread in waves because of factors that inherently come in 

waves: seasons, behaviors (caution / complacency), immunity, and 

variants. 

2) Pandemics spread in waves also because the virus fills each network 

as a wave – a fast initial rise as the population doesn’t have immunity, 

then a slow-down as most get infected – and then creates a new wave 

once it suddenly transitions to another network, whose members aren’t 

immune yet.3 

3) How large a wave will be mostly depends on a virus’ attack surface. 

4) In the initial phase of a pandemic, the number of clusters is a good 

proxy for a virus’ attack surface. 

 

 

3 By the way, as Molson Hart pointed out, tweets sometimes also get engagement in waves, for the same 

reason as viruses: they spread fast in a network, then slow down, until someone “retweets” into another 

network, where it can spread fast again. https://twitter.com/Molson_Hart/status/1463565160010989572 
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CHAPTER 2   
HETEROGENEITY 

A country’s population is diverse and transmits the virus differently. 

Some people spend most of their week in their neighborhood, interacting 

with the same few people. Others meet crowds or travel between 

continents.  

Assuming that everyone is the average citizen and has the average 

number of connections leads to bad models and worse policies. 

This chapter describes the effect of long-range connections and 

superspreaders on the transmission of the virus and explains how policies 

should be tweaked to take them into account. 

 

Trains and planes allow the virus to cross networks. 

Each infection within them disproportionally increases the attack surface of the virus. 
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LONG-RANGE 
CONNECTIONS 

Long-range connections such as planes are dangerous because they 

connect networks that would otherwise have been separate. They 

dramatically increase the virus’ attack surface, causing waves to be larger 

than they would otherwise be, and they allow it to cross natural 

boundaries, making its spread much faster. 

Some believe that “we will all get COVID anyway,” and therefore, how 

fast it happens does not matter. But it does matter. First of all, a larger 

and more sudden wave is more likely to bring a healthcare system to its 

knees and cause a government to introduce restrictive measures such as 

lockdowns. Moreover, a faster wave is more likely to hit a population 

before a vaccine or drug preventing severe outcomes are available. 

 

We kept airports open to save tourism. 

We ended up with closed airports, devastated tourism, and a pandemic.  
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In addition, long-range connections cause us to play a game of whack-a-

mole. Imagine that a country manages to do an excellent job and keep its 

number of cases low. Add some long-range connections with a country 

full of cases, and the virus is back. 

Variants also exacerbate the whack-a-mole effect. Say that our 

population is protected against the original strain of the virus, but a 

variant appears on the other side of the world. A plane might bring the 

new variant to our country. If it’s more contagious, or deadlier, or the 

vaccines are less effective against it, we’re back to square one. 

 

 

 

I agree with Joe Norman: controlling long-range connections should take place before anything 

else. It’s one of the most effective measures that affect the least amount of people. 

(Note: here, we’re talking about limiting or controlling the transit of people, not of goods. No one 

is advocating to starve a country or bring its economy to its knees. 
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SUPERSPREADERS  

Not all people spread the virus equally. First of all, not all infected 

people spread the same quantity of virus around them. For example, 

some cough more or exhale more virus with each cough. How much virus 

an infected exhale depends on the stage of the infection, on one’s 

immune response, and on behavioral factors such as whether the person 

covers their mouth while coughing. 

Moreover, not all infected meet the same amount of people in the same 

circumstances. Some have a limited social life, whereas others meet 

many people every day. The latter are more likely to contract the virus 

and, once ill, infect a large number of people. 

And finally, there are circumstances in which the presence of an infected 

person is more likely to result in many other people getting infected – for 

example, large indoor meals at a crowded restaurant. 

We call superspreaders those who, when infected, infect many more 

people than average. And we call superspreading events those situations 

in which a large number of people get infected at once. 
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AN EXAMPLE OF SUPERSPREADING EVENTS: 
SOCCER MATCHES 

At least two soccer matches seem to have been superspreading events. 

On the 9th of February 2020, the two Italian soccer teams of Codogno 

and Albino played against each other. Codogno would later become the 

first Italian quarantined city, and Albino and its neighboring towns the 

hardest-hit ones in the world. 

On the 19th of February 2020, Bergamo and Valencia soccer teams 

played a match in Milan. Forty thousand fans gathered in close 

proximity. A few days later, as Italy approached 300 confirmed cases, at 

least 4 of them had attended the football match, and one-in-three 

Valencia players tested positive. Bergamo would later see its hospitals 

overflooded.4 

 

  

 

4 “Atalanta-Valencia a San Siro, il detonatore del contagio,” Repubblica, 2020-03-21, via Marco Liera. 
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It is true that Albino and Codogno are two minor soccer teams, and thus 

the attendance was relatively small. But these events are dangerous not 

just for the number of people they put together but also because they 

bring together people belonging to different networks that would not 

have otherwise met, thus helping the virus jump from one to another. 

One contagion in a new network might increase the virus’s attack surface 

much more than five contagions in an already-infected network. 

And it’s true that matches are played outside, where the risk of contagion 

is limited. But it’s also true that such events also come with other 

opportunities for contagion. For example, some supporters of the away 

team might have shared a few beers in a crowded indoor pub, contracting 

the virus from the local population and later bringing it home. 

I do not think the answer is to ban soccer matches or their attendance. It 

would help contrast the pandemic but would also come at a high cost for 

the supporters. Therefore, we should reserve it for the direst moments of 

a pandemic. A solution with a more favorable benefits/costs ratio would 

be to ban away attendance. After all, we have seen that the virus jumping 

from one network to another creates many more future contagions than 

the virus jumping within the same network. 

I want to clarify that I didn’t pick the example of soccer matches to poke 

at soccer – I love the sport (I’m Italian)! Instead, I just presented it to 

introduce a way of thinking about superspreading events: not just “how 

many new cases do they cause” but also “where do they cause them?” 
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THE IMPORTANCE OF SUPERSPREADERS 

Once we acknowledge that not all circumstances have the same potential 

for infection, we can focus on those people and situations that are more 

likely to drive the spread of the virus. 

This allows us to keep the average restrictions low so that the average 

person isn’t terribly affected in their daily lives, and only introduce 

stricter regulations where they bring greater benefits. (Of course, if this 

results in excessive damage to specific businesses, they should be 

appropriately compensated.) 

Good targets for stricter regulations are people and events that connect 

otherwise separate networks in circumstances where people spend a long 

time with each other indoors, at close distance, and without protection.  

When these events are hard to prevent (who wants to say no to 

Christmas or Thanksgiving?), I recommend testing and pre-emptive 

isolation. The latter consists of reduced social contact and increased 

caution in the two weeks preceding the gathering. 

SUPERCONNECTORS 

While all superspreaders and super-spreading events are bad, a subset of 

them is even more dangerous. They are superconnectors: people and 

events that cause people from different networks to get infected, 

drastically increasing the virus’ attack surface – for example, a busy 

international conference or a crowded bus terminal. 
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VIRUS POLLINATORS 

In March of 2020, in the Southern Italian city of Catania, 60 General 

Practitioner Doctors had to quarantine because they had been visited by 

a single pharmaceutical sales representative that had been infected.5 

That was a significant blow for the city, which only counts 104 GPs. 

When people needed doctors the most, most of them couldn’t provide 

their services. 

The sales representative functioned as a virus pollinator. Just like bees 

do with pollen and flowers, the sales rep went from doctor to doctor, 

perhaps collecting the virus from some and bringing it to others. 

Of course, the sales rep was only doing his job. That said, it’s imperative 

that, especially in the early stages of a pandemic, governments quickly 

identify the professions that are most at risk of becoming virus pollinators. 

Then, they should either temporarily stop them from operating, 

compensating them, or ensure that they use all necessary precautions. 

 

 

5 Repubblica, “A Cosenza 60 medici di base in quarantena”, 2020-03-09. 
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HETEROGENEITY 

The influence of clusters and networks on virus spread means that 

country-wide metrics such as the number of cases paint an incomplete 

picture. Do not get me wrong: the number of cases is still a useful metric 

– for example, as a denominator to compute metrics such as mortality 

(the ratio between deaths and cases). However, when examining or 

predicting spread, the number of cases alone is insufficient. We must also 

consider how these cases and their contacts are located on the territory. 

The use of country-wide metrics implies a homogeneous territory, where 

everyone has the average age, has average health, and is connected to an 

average number of people. But this doesn’t represent reality. Imagine if 

an economist assumed that every citizen earned exactly the average 

salary: he would predict an economy that works very differently from the 

real one – for example, one where luxury shops do not exist. To 

understand the economy, we must acknowledge individual differences; 

the same applies to pandemics. 

I urge you not to rely on any model that uses coefficients such as “average 

transmissibility” and produces smooth curves. I remember that such 

models were common in 2020. Many of them even informed 

government choices – the folly! 
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PRACTICAL IMPLICATIONS 

As I’m writing these lines, many countries are being hit hard by an 

Autumn wave. But its seeds were planted in Summer. The number and 

distribution of cases during one season determine how strong the 

following season’s wave will be. Hence, we shouldn’t completely drop 

our guard down even when cases seem low. 

I’m not advocating for draconian measures in summer. Instead, I urge not 

to quit that 20% of measures that achieve that 80% of results. So, for 

example, let’s keep using face masks in crowded public transportation, 

even when cases are low. 

Book II will describe the tools we have to keep cases low, their benefits, 

their costs, when to use them, and when not to. But, for the moment, let’s 

remember about superspreaders and superconnectors. Because they 

have the potential to involuntarily plant the most seeds for the next wave, 

they should be a priority target for regulations (and they have the 

strongest moral imperative to adopt more caution than average). 

And again: the seeds for a high wave are planted in the previous low. So, 

while it’s true that seasonality and other factors dictate the inevitability 

of waves, we can influence how high a wave will be – not just by taking 

action when its seeds flourish, but also by minimizing the number of 

seeds in the first place. 
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CHAPTER SUMMARY 

We have seen five factors that cause a pandemic to spread in waves: 

seasonality, behavior, immunity, variants, and networks. 

The virus does not spread across a population; instead, it spreads from 

network to network, and that causes waves. 

Then, we have seen that not every person and every circumstance spread 

the virus equally. Regulations should prioritize addressing 

superspreaders before the general population. 

Finally, we’ve discussed how superconnectors are particularly 

dangerous, for they connect otherwise-separate networks, accelerating 

waves and compounding their effects. 

Next, I will explain variants. Before that, though, let’s take a break from 

theory. The following chapter is about the terrible state of 

unpreparedness in which many of our governments found themselves at 

the beginning of this pandemic. 


