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As many of you, I have been following the
development of the pandemic in the last weeks.

This is a summary of what
I have learned about it,
not being a subject expert,
and I just want to share this with you

Every day we see new data, new plots. Most of them are quite
incomprensible, others are more understandable, some are
informative.

https://www.imperial.ac.uk/mrc-global-infectiousdisease-analysis/news--wuhan-coronavirus/
https://www.youtube.com/watch?v=54XLXg4fYsc

The goal of this document is to give everyone the basic tools to
understand how the pandemic works and how we can stop it.
I will make use of a simple model. This comes with pros and cons:
Pro: simple enough to allow everyone understanding the key
elements and consequences of any government strategy.
Con: not sufficiently accurate for making predictions.

Hi, I am a spherical cow
https://en.wikipedia.org/wiki/Spherical_cow

If there are n covid-19 cases today,
how many do we expect for tomorrow?
Number of cases today:

n

Number of cases tomorrow:

n+ Δ n

n+ Δ n

If Δ n>0 number of cases is growing: not good
If Δ n<0 number of cases is decreasing: good!

If there are n covid-19 cases today,
how many do we expect for tomorrow?

An average person that has the virus today
will pass it to a certain number x of other
people in the next 24 hours.
For example, x = 0.2 means it takes 5 days
to contage a new person, in average.
Multiply by n people infected today, and you
will get x*n new cases.

Δ n=x n

If there are n covid-19 cases today,
how many do we expect for tomorrow?
Unfortunately, a number of people with the virus will die in the next 24 hours,
say y*n. For example, y = 0.01 means a 1% daily mortality.
And some, fortunately, will recover, say z*n.
For example, z = 0.02 means that in 24 hours 2 out of 100 people recover.

Putting all this together, we obtain

Δ n=x n− y n−z n
Note the different sign. Number of recoveries and deaths tend to make Δ n<0

Examples

At the beginning of the epidemic, a country has 1,000 cases.
Each following day, we expect the number of cases to grow at a constant rate given by

x− y−z
For example, if x - y - z = 0.17, then the number of cases grows of at daily rate of +17%.
A constant rate means exponential growth!

Examples

Linear and exponential growths look
similar for a short period.

Exponential growth is better
visualised in logarithmic scale.

But they soon become very different!

It looks as a straight line in
logarithmic scale.

Question

An alga is covering the surface of a lake. Each day the surface covered by it
doubles. It took 30 days for it to cover half of the surface of the lake.
How many days are left before all the lake will be covered?
(Solution in the next slide)

Question

An alga is covering the surface of a lake. Each day the surface covered by it
doubles. It took 30 days for it to cover half of the surface of the lake.
How many days are left before all the lake will be covered?

Answer: only 1 day

The Chinese strategy
Recall that the new cases are given by the formula

Δ n=( x− y−z ) n
We have seen that if x - y - z > 0 the cases will grow exponentially.
Similarly, if x - y – z < 0 they will decrease exponentially.

Exp. decay with x - y - z = - 0.1

Same but in logarithmic scale

The Chinese strategy
The strategy of the Chinese government was to obtain x - y - z < 0 by making x small
enough. This was achieved with a series of measures, e.g., quarantine in dedicated
building (not in your house), mass testing, and tracking of infected people.

Initial exp growth

Exp decrease

Same but in logarithmic scale

Incubation period
Action takes place

Exp decrease starts

The Chinese strategy

As the large majority of the population never got the virus, herd immunity has not
developed.
Therefore, they will be vulnerable to the virus in the future.
For this reason, the Chinese government is restricing access to the country from
outside.

Herd immunity
Let’s go back to the spreading of the virus.
As more and more people get infected, recover
(building immunisation) and die, it is less and less
likely that a person with the virus will spread it to
others.
This effect depends on:
1) The number of current cases: n
2) The number of people recovered: r
3) The number of deaths: d
4) The number of people vaccinated: v
- if a vaccine is available
5) The total population: N
Correct spreading of the virus →

n+ r +d + v
Δ n=x n (1−
)
N

Herd immunity
Putting together the correct term for the spreading of the virus and the
negative terms due to deaths and recoveries, we obtain:

n+ r +d + v
Δ n=x n (1−
)− y n−z n
N
Or, putting them in a different order..

n+r + d + v
Δ n=x n− y n−z n− x n (
)
N

Herd immunity

n+r + d + v
Δ n=x n− y n−z n− x n (
)
N

Note that this term is different
from the others. It depends on
n2 instead of n

Unless a vaccine is available, the last term is large only when the number
of cases + deaths + recoveries become comparable with the overall
population size.
For a country of about 60 million people, this means some millions to tens
of millions need to be infected to reach herd immunity.
What does it mean in terms of number of casualties?
With 2% - 10% mortality, you do the math.

Comparison of three different strategies.
1) No action
2) Flatten the curve
3) Chinese strategy

No-action strategy
The daily count of
cases starts decreasing
when herd immunity is
achieved

This happens when a
number of people has
contracted the virus
that is comparable with
the total population
size.

This is a toy model, not a forecast.
Numerical values for illustration only.

Flatten-the-curve strategy
Social distacing, closing
non-essential business,
etc., will make x small,
but not x - y - z smaller
than 0.
Herd immunity is
achieved, but later and
at a lower pace.

The final cumulative
number of people who
contract the virus is
still comparable with
the total population
size.

This is a toy model, not a forecast.
Numerical values for illustration only.

This is a toy model, not a forecast.
Numerical values for illustration only.

Chinese strategy
Quarantine in dedicate
buildings, large scale
testing, tracking of the
contaged, make x - y - z
negative.
Number of new contaged
people and deaths is
rapidly suppressed.
Look at the tiny green line

Herd immunity is not
achieved.
The cumulative
number of people who
contract the virus is
much lower than the
other two strategies.

Less than 10,000
cases in total in this
scenario

What presumably happened in China

This is a toy model. Numerical values
for illustration only.

As discussed above,
after an initial
exponential growth, the
government action has
forced the virus into an
exponential decay.
Only a small portion of
the population got in
contact with the virus.
Further actions are
needed to prevent virus
returning from other
countries.

Initial exp growth

Exp decrease

What is probably happening in the UK

This is a toy model. Numerical values
for illustration only.

After an initial fast-pace
exponential grow, the
first actions from the
government have
caused a slow down of
the grow rate.
Potentially this could
lead to a flatten-thecurve scenario.

Initial exp growth

Growth at a slower pace

What is probably happening in Italy

This is based on actual data

Note the
logarithmic
scale

A series of
reductions in the
growth rate
happened, about
10-15 days after
government
actions.
Next reduction is
expected at the
end of March, as
a conseguence of
closing nonessential
businesses.

First
regional
lockdown

10 days
incubation time

Closure of
non-essential
businesses

Further
decrease
of the
growth
rate?

National
lockdown
10 days
incubation time?

What is probably happening in the UK

This is based on actual data

Note the
logarithmic
scale
Schools closed

A first reduction in
the growth rate
happened around
21 March.
We may expect a
second decrease
in the growth rate,
about 10 days
(incubation
period) after the
lockdown

First PM telly
speech

Exp growth
at reduced
rate

Initial exp growth

Further
decrease
of the
growth
rate?

10 days
incubation time

10 days
incubation time?

What is next in the UK and Italy?
If the number of cases keep growing, but at a reduced rate, herd immunity
may be reached over a longer period. That is probably why we are talking
about several months of lockdown of some kind.
Flattening the curve means controlling the pressure on the health care
system, but will still yield a large number of people infected (of the order of
millions or tens of millions), and a large number of deaths.
Making a forecast of the number of deaths is beyond the scope of this
document, but this is expected to be high unless a cure or vaccine is
discovered soon.
Is it possible that the measures taken will be able to force the virus into the
negative exponential decay? This would means radically limiting the
number of deaths without achieving herd immunity. However, it is not clear
that measures in place are fit to porpuse. There are good reasons to think
they are not. We will see if this going to happen in the next few days.

