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Presentation

This brief document provides facts on the current 
COVID-19 pandemic so that those who do not 
have the luxury of most people, not having to make 
decisions affecting the lives of scores or thousands 
of people, can make decisions in a more informed 
way. These facts are exposed in a way that does 
not require a deep knowledge of mathematics, 
epidemiology or medicine.

To be able to perform their duties, leaders should 
not only be surrounded by good advisors, but more 
importantly, be capable of asking them the right 
questions. Therefore, the main goal of this commu-
nication is to help decision makers formulate ques-
tions that provide them with the information they 
need to make optimal decisions.

When will the pandemic will be over? Can we 
rely on vaccinations? Are facemasks of any good? 
What is herd immunity and how can we rely on it? 
Is reinfection possible? Who is more at risk? Can 
we reopen schools? How many more deaths are 
expected? What are the considerations related 
to vaccine distribution and allocation? These are 
some of the questions addressed in this document.

The document is divided in three parts: Mecha-
nics of an Epidemic, COVID-19 Pandemic and 
Vaccines on the Horizon. The first part introduces 
how epidemics work, the second deals with the 
properties of the current pandemic and the third 
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analyzes problems related to the distribution of po-
tential vaccines.

Although this document is not peer-reviewed, it 
does uses information that has been published in 
reputable scientific literature and presents a set of 
facts and conclusions drawn from peer-reviewed, 
published research. Some details are omitted for 
the sake of brevity, but the references are provi-
ded so that those interested can seek further infor-
mation.

We are hoping to promote a more informed so-
ciety that can interact with its scientific communi-
ty in a richer and more effective way so that the 
decisions are based more on the product of joint 
discussions, instead of simply following directives or 
advice.

Mexico, december, 2020

Carlos M Hernández-Suárez, PhD 
University of Colima, México.

Efrén Murillo-Zamora, MD, PhD
IMSS, Colima, México.



PART 1

The mechanics of an 
epidemic
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Epidemic Models

An epidemic occurs when an infectious agent is 
transmitted from one person (the infected) to ano-
ther (the susceptible) at a high speed. To unders-
tand what we mean by ‘high speed,’ think that an 
infectious individual will not be infectious forever 
since he/she will eventually be cured (recovered) 
or die (removed) and, if it is more likely that the in-
fected individual will infect another instead of be-
ing recovered or removed, then, infections occur 
at a higher speed than removals, and we have an 
epidemic. Epidemics may fade for many reasons, 
not necessarily due to pharmaceutical interven-
tions or lockdowns, but by pure chance. Similar to 
forest fires, outcomes can greatly differ, even un-
der similar conditions. Sometimes a spark sponta-
neously burns out on its own after consuming a few 
feet, while at other times it may reduce to ashes a 
large portion or even an entire forest. 

Scientists build mathematical models, that work 
like a laboratory, where they conduct experiments 
that cannot be done in real life. The simplest model 
of an epidemic employs a population consisting of 
three kinds of individuals: susceptible (S), infectious 
(I) and removed (R). 
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S I R
Figure 1. The SIR Model.  This is the depiction of a compart-
mental model of an epidemic in a population, consisting of 
three kinds of individuals: susceptible (S), infectious (I) and 

removed (R). Arrows indicate how individuals move along the 
different stages.

A susceptible individual is someone that will be-
come infected if he or she has a contact with an 
infectious individual. By ‘contact’ we refer to any 
act that would pass the infection from an infected 
to a susceptible. An infectious individual is someo-
ne who has acquired the disease and can infect 
others, whereas the removed are individuals that 
play no role in the transmission of the disease be-
cause they are not infected nor susceptible. This 
category may include immune or dead individuals.

The model in Figure 1 is called the SIR model. It 
is a simple model attributed to McKendrick [1]. The 
SIR model presents the most important properties 
of a disease. Importantly, variables such as gen-
der or age can be included by adding additional 
boxes to the model. We may also include vacci-
nations, which would require another box, and we 
can add births or natural deaths, pharmaceutical 
treatments, and so on. Some persons may consider 
that the inclusion of all of these additional variables 
provides a more realistic model, and this is true as 
long as we can determine how individuals move 
along the additional compartments which, in most 
cases, is a guess. 
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We use the model in Figure 1 because what are 
looking for is the answer to some questions that 
do not involve a great amount of detail. Instead, 
we want to provide insight on the perspective on 
a large and general scale. Although we may be 
tempted to believe that a model with more com-
partments may be a better model, the truth is that 
these models imply more assumptions, and this res-
ponsibility is passed on to someone else. Therefore, 
we will try to minimize the number of assumptions. 

For example, let us suppose that you want to 
know the approximate number of words in a book. 
You can take a sample of lines, count the words 
in each line and get an estimate of the average 
number of words per line. Then you can count the 
number of lines on some pages and get an estima-
te of the average number of lines per page and 
with the number of pages you obtain a result. The 
approach is right or wrong depending on degree 
of precision you want. Do you want to determine 
the exact number of words? Do you just want to 
have an approximate number? In the same way, 
we will not try to project the exact number of fata-
lities in, say. 129 days, categorized by men, women 
and then stratified by age. Instead, we will obtain 
an approximation of the total number. A model is 
as good as the inverse of the assumptions that it 
requires.

The progression of an epidemic that runs freely 
with no intervention is similar to the spread of some 
striking picture over the internet. You have three 
kinds of individuals: the susceptible (those who 
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have not seen the picture), the infectious, (those 
who have received the picture and are actually 
resending it to friends), and those who already re-
ceived the picture and are not resending the pic-
ture anymore, even if they received it again. In this 
situation, the progression of the disease in a com-
munity is similar to Figure 2.

Figure 2. The SIR model at work.  This plot shows a typical evo-
lution of the number of individuals in the different compart-
ments shown in Figure 1. In this example of 1000 individuals, 

one person starts as infected and in the end all individuals are 
in either compartment S (never infected) or R.

The bell-shaped curve of the Infected is impor-
tant to follow because they drive the epidemic 
process. In the beginning there are a few infected 
and plenty of susceptible, thus, every time an infec-
ted has contact with another individual, it is very 
likely that the individual is susceptible. Note that in 
the beginning the epidemics runs slow because re-
latively few persons are infected. This is similar to a 
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situation in which you have a product everybody 
wants to buy but there are only a few sellers. In the 
end, however, the opposite occurs: the number 
of infected increases but the number of suscepti-
ble drops. In other words, every time an infected 
has contact with another individual, it is very likely 
that the individual has already been infected or 
already recovered. Therefore, the contact will not 
result in an infection, which is a situation similar to 
having a lot of sellers but only a few people have 
not acquired the product. Epidemics run faster in 
the middle part, when the infected and suscepti-
ble are roughly the same.

Figure 2 assumes implicitly that those that re-
covered from the infection are immune and that 
people behave the same all the time, with no in-
tervention of any kind. If at some point people start 
reducing their exposure to the disease, the course 
of the epidemic changes and it is more typical to 
observe a situation like Figure 3.
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Figure 3. The SIR model with lockdown.  This plot is similar to 
Figure 2 except that a lockdown is implemented early in the 
epidemic, which reduces the contact rate by two thirds. This 

results in an epidemic with fewer infected.

The curve now has a different shape because 
the speed at which new infections are acquired 
has been reduced. This is similar to the situation in 
which a social network judges that some picture is 
offensive and blocks it. Then, as always, the con-
tent still circulates in the network, but it does so at a 
reduced speed.

Waves
Figure 3 assumes that the imposed measures will 
remain in effect indefinitely. This would be equiva-
lent to finding a cure or that people observe con-
tainment measures like lockdowns. If people stop 
observing lockdowns, mitigation or containment 
measures in general, the disease may resume its 
normal course as shown in Figure 4, which shows 
the appearance of a second wave:
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Figure 4. The SIR model with a second wave.  This plot is similar 
to Figure 3, except that when the population reaches a level 
of confidence the lockdown is lifted and the epidemic resu-

mes at its original speed, creating a second wave.

Factors controlling the epidemic
Several factors drive an epidemic, but the most 
important factor is called the Basic reproductive 
number or R0 (R-zero). This number is the average 
number of contacts that an infected individual has 
during the time he or she is infected. Imagine that 
someone sends you a picture that you feel compe-
lled to share. Perhaps you resend it to five friends, 
another person may resend it to three, another to 
twelve, some to none, and so on. If we could ob-
tain the average of the number of times a picture 
is shared, this number would be R0. Mathematical 
theory says that if this average is less or equal to 
1, in the end, only a few persons will see the pic-
ture. However, if its larger than 1, the picture will 
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be very likely seen by many people and both the 
likelihood and the number of people that will see 
it grows. Clearly, people will feel more compelled 
to resend some pictures more than others and the 
R0 depends a lot on this. In the same way, some 
diseases like, for example, respiratory viruses, are 
easier to transmit than others. That is why the term 
‘viral’ is used in social networks to describe rapidly 
shared information.

Eventually, whether it be diseases, news or pho-
tographs, the transmission will eventually stop, but 
not before being ‘received’ by a significant per-
centage of the population. We present Table 1 to 
give you an idea of the role of R0 has in the percen-
tage of people that will be ‘affected,’ showing the 
relationship between R0 and the expected propor-
tion of people that will be infected [2]. It is impor-
tant to clarify the meaning of expected in this con-
text. When you toss a coin 10 times, the expected 
number of times it falls heads is 5, which only implies 
that if you repeat tossing the coin 10 times a large 
number of times, recording the number of times it 
falls heads, the overall average would be 5. This ex-
pected value is useful as it provides a rough idea of 
what to expect. As we can see, even at low R0-va-
lues, the disease may end up infecting more than 
half the population. 
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Table 1. Relationship between R0 and the ex-
pected percentage of people infected.

R0 %
1.0 0.0%
1.5 58.3%
2.0 79.7%
2.5 89.3%
3.0 94.0%
3.5 96.6%
4.0 98.0%
4.5 98.8%
5.0 99.3%

It is important to note that it is sometimes wron-
gly believed that the SIR model assumes random 
mixing; that it assumes that an infected can infect 
anyone in the population, which we know never 
happens. In a social network setting, random mi-
xing would be equivalent to you having all the indi-
viduals in the population as your contacts, allowing 
you to pass the news or picture to anyone you cho-
se. Nevertheless, random mixing is not strictly requi-
red, the SIR model assumes only that the average 
probability that the next contact of an infected 
will be with a susceptible is equal to the fraction 
of susceptible in the populationThose interested in 
the mathematical details can see the proof in the 
Appendix.. 

Virus and vaccines
It is very likely that pandemics involve respiratory di-
seases that are easy to transmit and difficult to pre-
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vent. They are generally caused by different viruses 
that are difficult to eliminate. Most medications do 
not aim to kill the virus, but to ease its effects on the 
body of an infected person. Your body is formed 
by cells and each one of them has some piece of 
material called DNA, that is very similar to a mes-
sage. This message is read continuously so that the 
cell can perform its task. Viruses breaks the messa-
ge and change it; in the same way you can take 
a text and insert a sentence within it. The message 
inserted is very simple and contains the recipe to 
fabricate more copies of the virus, so, when the cell 
tries to read the message over and over again, it 
fabricates thousands of viruses that eventually lea-
ve the invaded cell, and these free viruses invade 
other cells. Imagine that your body is a library, and 
the books are the cells in your body. A virus enters 
and changes a line of a book, and then more viru-
ses are produced that quickly invade other books. 
You cannot stop the transmission without dama-
ging the books as there is no known medication to 
repair them and restore them back to the original 
state. Some virus specializes in some organs while 
others are more general in their attack.

The natural way to fight a virus is imbedded in 
the body, using two mechanisms: the humoral, 
which involves antibodies, and the cellular, which 
involves cells that look for the virus. Once a new 
virus enters the body, it is identified, and the body 
tries different solutions until it finds it. The body then 
replicates the solution so that the virus can be eli-
minated, and if the same virus appears again, the 
body is prepared with the solution. But many ti-
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mes, the body cannot find the solution in a timely 
fashion, and death occurs. That is when vaccines 
come into play.

There are several kinds of vaccines, but the most 
common vaccines are based on a simple idea: 
take some viruses and eliminate their ability to re-
produce. When an ‘attenuated’ or ‘ineffective’ 
virus is introduced in a susceptible individual (vac-
cination), the body recognizes it as an intruder and 
attacks it, and, since the virus cannot reproduce, 
there is time for the body to manufacture the so-
lution. Later, when the real virus invades the body, 
the solution is waiting for it.

But vaccines are not easy to make, and the 
testing process usually takes some time. There are 
three phases for the developing of a vaccine: 

• Phase I is where vaccines are developed 
and tested in a few individuals to see whe-
ther they are not harmful and that a strong 
immune response is produced by the inocu-
lated persons.  

• Phase 2 is similar to phase 1, but on a larger 
scale, typically involving hundreds of healthy 
individuals.

• Phase 3 is an even larger scale trial that pro-
vides more reliable information about the 
vaccine, especially its efficacy. 

The efficacy of a vaccine is an important pro-
perty that is generally not brought to the discussion 
by the media. Basically, we should consider that 
vaccines may not be 100% efficient in guarding 
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against a virus, in the same way a bullet-proof vest 
may fail. There are several ways a vaccine may fail 
to protect an individual that we will not mention 
here. What is important is to consider that if a vac-
cine shows little efficacy, it is better not to release it 
because the false sense of confidence it will cause 
in a population could trigger an increased level of 
exposure that could surpass any benefit of level of 
protection afforded by the vaccine [3]. Neverthe-
less, it is not necessary for a vaccine to have 100% 
efficacy in stopping a virus to halt a pandemic. For 
instance, the efficacy of the measles vaccine is 
around 70%. Vaccines that are not 100% efficient 
are called imperfect vaccines. 

Vaccines may have a waning effect as their 
protective efficacy may decrease with time. This 
waning efficacy, in many cases, can be overcome 
with a vaccine reinforcement.

Facemasks
As we mentioned before, the driving parameter is 
the basic reproductive number, R0, and any mitiga-
tion and control measures aim to reduce this num-
ber. Vaccinations reduce R0 because if we vacci-
nate everyone and the efficacy of the vaccine is 
50%, then, R0 is reduced by 50%. For example, if the 
R0 is 1.8, it will be reduced to 0.9, which is less than 
1, and the epidemic will fade. The higher the R0, 
the higher the efficacy required for the vaccine to 
reduce the R0 to a value of less than 1.

Respiratory virus are expelled by infected per-
sons mainly while talking and breathing, and they 
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generally travel surrounded by an aqueous media 
(droplets) that cannot go through a face mask. 
Face masks work by physically avoiding the trans-
mission of virus from the infected to the susceptible 
[4]. Therefore, they are similar to a vaccine. But we 
need to mention here that wearing a face mask 
is more efficient in stopping the virus from leaving 
your body than in avoiding a virus entering your 
body. If you are surrounded by COVID-19 infected 
persons not wearing face-mask in an elevator, it is 
very likely that you will be infected, – even If you 
use a face mask–  because their droplets could 
attach to your face mask and when they dry, the 
virus may be sucked up into your nose or mouth. 
Most of the commercial face masks available stop 
droplets, but their holes are too big to contain a 
virus.  That is the importance of wearing and chan-
ging facemasks periodically. 

One of the biggest problems with facemasks is 
that exposure to infection occurs mainly in the pre-
sence of unknown people. Family and friend ga-
therings are usually sustained without facemasks. It 
has been suggested that this behavior is a driving 
factor in the pandemic. 

The fact that facemasks reduce the likelihood 
that an infected individual can infect another can 
be used to reinforce its use among a population 
as a response to individuals who argue that they 
choose not to wear facemasks because they ar-
gue is their health.
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Other types of transmission 
A respiratory virus enters the body mainly through 
the mouth and nose. The droplets may remain in 
the air and the amount of time they remain active 
floating in the air depends on the disease. In the 
particular case of SARS-CoV-2, the virus that cau-
ses the COVID-19 disease, it can remain active for 
a long time and there have been cases of infec-
tion caused by entering a closed space visited by 
a previously infected person. This is not atypical as 
other viruses such as measles can be transmitted 
similarly. 

The nose contains physical mechanisms that re-
ject foreign particles, including viruses. This mecha-
nism consists of cilia, cells that line the tissue inside 
the nose, that detect the foreign particles and tell 
the brain that it needs to clear the nose, provoking 
a sneeze [5]. When an individual enters an environ-
ment with an air conditioner, for instance, the ci-
lia freeze and do not detect the intrusion and the 
strange particles are not expelled. For instance, 
people working in environments where food is pro-
cessed at low temperatures are at a greater risk of 
infection if a virus is present. The same happens in 
recreational places with air conditioner, especially 
if they are crowded.

Herd immunity
The term herd immunity needs to be reviewed. It 
has been used in a context that makes people be-
lieve that is some sort of measure we can rely on 
[6]. If we look at Table 1, we can see that a disease 
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with an R0 of 2, will cause about 80% of the popula-
tion to become infected. The reason why 20% will 
escape from infection is pure luck. When an epide-
mic grows, more people are infected but there are 
fewer susceptible persons who are more difficult to 
find. Consequently, infected persons may recover 
before passing the infection on to persons who are 
still susceptible, allowing them to escape infection. 
This is true without relying on protection or natural 
immunity for those who never get infected.

 For example, there are 365 days in a year, but if 
you ask one thousand persons for their birthday, it is 
very likely nobody was born on several of those 365 
days. Those days in which nobody was born occur 
by pure chance, in the very same fashion that some 
individuals may escape infection. In epidemiology, 
the phenomenon that makes an epidemic stop wi-
thout infecting everyone is called herd immunity. 
The use of the word immunity is what causes some 
people to believe that some sort of magical pro-
tection arises that provides immunity when, in fact, 
it is pure chance. 

Hoping for herd immunity to stop a pandemic 
is like choosing inaction. It is like us waiting for the 
enemy to run out of bullets while they are shooting 
at us. Paradoxically, the only way to reach herd im-
munity is if more infections occurs.

Flattening the curve
Reducing R0 to a value smaller than 1 so that an 
epidemic vanishes is sometimes impossible in the 
absence of vaccination. Nevertheless, it is possible 
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to reduce R0 using several mitigation and control 
measures. When R0 is reduced, it may not signifi-
catively reduce the expected number of infec-
tions. Nevertheless, it may significatively reduce 
the speed of the epidemic and lessen the pressure 
put on hospitals. Patients increase their chance of 
surviving if there are available beds and medical 
personnel. Figure 5 shows two SIR models with two 
epidemics, one with R0 = 4 and other with R0 = 2, 
showing the evolution of the number of infected. 
As we can see, dropping R0 to half its value due 
to mitigation and control measures does not signi-
ficatively reduce the number of infections (98% to 
80%). However, the hospital capacity is never ex-
ceeded in the second case. This is called flattening 
the curve.

Figure 5. Flattening the curve.  The plot shows the number of 
infected in an epidemic with R0 = 4 and what happens if this 
R0 is reduced by half. Although there is no large reduction in 
the total of infected, the hospital capacity is never excee-
ded. Consequently, the number of fatalities is lower in the 

second case. 



23

Tracing and isolation.
Tracing and isolating the infected clearly reduces 
the number of infections, however, its major poten-
tial comes from flattening the curve and not from 
reducing the number of infections. Remember that 
the greater the value of R0, the less effective redu-
cing its value proves to be. That is, reducing R0 by 
a half is less effective if the R0 is about 6 than if it is 
about 2 (see Table 1). 

Tracing infected individuals to isolate them 
should be done at the onset of an epidemic. If not 
done at the very beginning, it can prove almost 
impossible. There are several programs that inform 
individuals that sharing a space (train, bus, restau-
rant, shopping place, etc.) with an infected person 
[7], which also help individuals identify their symp-
toms. This automated approach, however, has se-
veral significant drawbacks. First, if these programs 
are implemented when the epidemic has signifi-
cantly progressed, the number of confirmed cases 
per day may be elevated. Also, a single infected 
individual that visit three stores and travels by bus 
may trigger an alarm five days later to 100 other 
individuals. If the only thing a system provides is a 
warning that the individual has been close to an 
infected person and that he or she should be alert 
to possible symptoms, it should be preferably subs-
tituted by general information for the population to 
be permanently aware, otherwise, the demand for 
tests will be excessively high. 
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These systems are especially useful at the out-
break, however, when the number of cases is low, 
in order to flatten the curve. 

Currently or previously infected?
A laboratory test can be given to detect whether 
an individual has been infected. So-called PCR 
tests that seek a portion of the virus and identify it 
are among the most accurate. This test is used to 
find out if an individual is currently infected. 

If an individual survives the infection, it means 
the body was able to generate an immune res-
ponse to fight the virus. As mentioned before, there 
are two kinds of immune responses: humoral and 
cellular. The first response refers to the production 
of antibodies that are chemical substances. Two 
are known: IgM and IgG. The first is produced at 
the beginning of the infection and its levels are hi-
gher when the infection is recent. The second one 
arises in the later stages of the infection and lasts 
a longer time. In general, when IgM is high, igG is 
low and vice versa. It is possible to know if a person 
was infected by detecting the presence of anti-
bodies, and there has been much debate about 
this because it has been claimed that the antibo-
dies wane to very low levels after some time, which 
could difficult detection.

All the above tests have two measures of effica-
cy: sensitivity and specificity. Sensitivity is a measu-
re of how good the test identifies someone who is 
positive. Specificity is a measure of how good the 
test discriminates someone who is negative. Whi-
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chever the test, we need to know its sensitivity and 
specificity.

The Infection Fatality Risk (IFR)
The Infection Fatality Risk (IFR) is a measure of how 
much we need to worry about the disease. It is the 
fraction of individuals who die if they become in-
fected. In a nutshell, R0 is used to calculate how 
many people will be infected and the IFR is used to 
estimate how many of those infected will die. 

The IFR can be used to track the progression of 
the disease. Let us suppose that the IFR of some 
disease is 0.002, that is, 2 in about 1000 infected die 
because of it. This means that for every death ob-
served, there were approximately 1/IFR = 500 infec-
tions. 

For example, if at some point in some region we 
have 1,000 COVID-19 related deaths, it is because 
there were 500,000 infections, on average. This is 
why it is important to obtain good IFR estimates of 
the disease. Combining this information with Table 
1, we can estimate the degree of progression of 
epidemics.  Continuing with our previous example, 
if the R0 of the disease is 3 and the region of interest 
contains 1 million inhabitants, the projected num-
ber of infections (Table 1) is 94% of the population, 
or 940,000 inhabitants. Since our current estima-
te of the number of infections is 500,000, the de-
gree of progression of the epidemic in the region 
is 500,000/940,000 = 0.5319, that is, approximately 
53%.



PART 2

The COVID-19 pandemic
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The facts

The COVID-19 disease is caused by the SARS-CoV-2 
virus. Its R0 is about 5, which means it threatens to 
infect 99% of the population [8]. Reducing the R0 
to a third (an almost impossible task to hold for an 
extended time) would cause that about 80% of the 
population would become infected. The likelihood 
that a person living with an infected person will be 
infected is extremely high. 

The IFR is somewhere about 0.002 [9], which 
means that about 2 individuals out of every thou-
sand persons infected with the virus will die. For a 
country with 100 million inhabitants, this represents 
about 200 thousand deaths. For a 7 billion world 
population, this is between 14 million deaths world-
wide.

The infection does not have the same effect on 
all infected persons. The following figure shows a 
conceptualization of the response to infection:
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Figure 6. Response of the population to infection.  The plot 
depicts the response of the population to infection. Most 

will show none or mild symptoms. The shaded area can be 
estimated with the IFR, which is about 0.2 % of the individuals 

infected.

Thus, many people show none or mild symptoms 
while relatively few require hospitalization and of 
these, some will die because of the infection. La-
ter in this section, we will describe who is at risk in 
more detail. Since the IFR is about 2 per thousand, 
it means that about 0.2 % of the infected die, if no 
vaccine is considered.

Confirmed cases vs deaths
There is a need to differentiate between the grow-
th of the number of confirmed cases and that of 
deaths. Although medical care has improved, 
there is no actual magical cure or efficient treat-
ment that can make a big difference compared 
to the onset of the epidemic. Using the number of 
confirmed cases as an indicator of how bad the 
COVID-19 situation is in a region is not very effi-
cient because this depends on many factors such 
as test availability and fear. Our advice is to follow 
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the number of deaths, even though the number of 
reported deaths has a natural delay of 1-2 weeks 
in measuring the progression of the epidemic, due 
to the elapsed time between disease confirmation 
and death.

Figure 7 shows the ratio between the number of 
accumulated deaths and the accumulated con-
firmed cases in United States. In the last 8 months 
[10], the ratio dropped eleven times. Since, as we 
mentioned before, there has been no such impro-
vement in medical treatments, the decrease is su-
rely due to an increase in the number of people 
that are being tested. This is the justification to use 
number of deaths instead of the number of confir-
med cases as a surrogate of the evolution of the 
epidemic in a region.

Figure 7. Evolution of the ratio deaths/confirmed cases in US.  
The plot shows the evolution of the accumulated number of 
deaths divided by the accumulated number of confirmed 

cases in the US for two weeks. The ratio dropped eleven times 
in the last 8 months. Rather than attributing this to an impro-
vement in medical care, this is most likely due to an increase 

in the number of people that are being tested.
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As mentioned before, with such a high R0 and 
without vaccination the virus will infect almost the 
entire population and the number of deaths will be 
close to the IFR (2 deaths per thousand individuals) 
and this will happen in a pattern that will depend 
on the measures adopted. 

Figures 8a through 8c show the behavior of the 
epidemic in three kinds of countries. The first group 
of countries maintain a more or less steady increa-
se in the number of fatalities from the beginning, 
these are countries that have encountered diffi-
culties in implementing lockdowns (Figure 8a) and 
whose infection rates will continue to grow until the 
number of deaths per thousand individuals is close 
to the IFR. These regions have not suffered as much 
economic damage as others since economic ac-
tivities have been only mildly reduced. The second 
set (Figure 8b) is composed of countries that mana-
ged to reduce the contact rate for some time, but 
eventually partially abandoned their efforts and 
suffered a sudden jump in infections. This has been 
referred to as the “second wave.” And finally, there 
are regions that already reached a high number 
of deaths per thousand individuals (Figure 8c) and 
are very close to reaching herd immunity. These re-
gions will not suffer a sudden jump in infections, but 
a smooth increase because of the depletion of the 
susceptible population.
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Figure 8a. Evolution of the number of deaths per thousand 
individuals in America. Countries far below the IFR threshold 

region but with a steady increase do not observe second wa-
ves (Argentina, Brazil, Chile, Mexico, USA) but steadily grow 

towards the IFR threshold.

Figure 8b. Evolution of the number of deaths per thousand in-
dividuals in Europe.  Countries far below the IFR threshold with 
a steady low daily number of deaths observe second waves 

(Belgium, France, Italy, Spain) with Sweden on the rise.
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Figure 8c. Evolution of the number of deaths per thousand in-
dividuals in three states of United States. Regions close to the 
IFR threshold (New Jersey, New York, Massachusetts) will enter 

the IFR threshold, but the number of susceptible persons is 
low. Consequently, there is no second wave in these regions. 

Measuring the progress of the epidemic in a 
region
We can use the facts exposed in the previous sec-
tion to measure the progress of the epidemic in a 
region of interest. Assuming most of the population 
will be infected, the current number of fatalities per 
thousand individuals can be used to estimate how 
far we are to the end of the epidemic, using the 
following expression: (See [11])

It is important to consider that there are many 
deaths that are not accounted for as COVID-19 re-
lated deaths for many reasons. Consequently, we 
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expect that the number of deaths observed is sma-
ller than the true number of deaths. If we assume 
that a proportion of the deaths has not been ac-
counted for, it is possible to use this value to correct 
our estimate in the previous equation. If we believe 
that a proportion p of the deaths was lost, then the 
progress of the epidemics is:

For instance, the degree of progress of some re-
gions/countries is shown in table 2. In this table, we 
have two situations: assuming that all deaths have 
been accounted for, and if 10% of deaths have 
been missed.

Table 2. Progress of the epidemic in some 
countries/regions.
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Who is at risk?
There are people whose reaction to infection is 
more severe and that are more at risk of severe 
complications or death. Table 3 shows the compa-
rative risk of showing severe symptoms (see 12).

• Age

If we consider the 50-60 age group as the ba-
sis for comparison, we can compare the risk 
of other groups to this group:

Table 3. Increase in risk by group age, com-
pared to the 50-60 age group.

Thus, for instance, a person aged 70-80 is 6 times 
more likely to die if infected than a person with an 
age of between 50-60.

• Sex

Males are 1.59 times more likely to die than 
women, if infected.
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• Obesity

Compared to non-obese individuals, indivi-
duals with obesity levels I, II and III are 1.05, 
1.40 and 1.92 times more likely to die respec-
tively if infected.

• Smoking

Compared to non-smokers, individuals who 
are considered currently smokers or former 
smokers are 0.89 and 1.19 times more likely to 
die if infected, respectively.

• Blood pressure

It has been found that individuals with diag-
nosed hypertension are 0.89 times less likely 
to die, if infected.

• Asthma

There is no evidence that being asthmatic in-
creases the chances of dying if infected.

• Chronic heart disease

Individuals with chronic heart disease have a 
1.17 increased chance of dying if infected.

• Diabetes

The increased risk of persons with diabetes 
depends on their levels of glycated hemog-
lobin (HbA1c). For levels of HbA1c<58 mmol/
mol the risk increases to 1.31. For levels of 
HbA1c >=58 mmol/mol the risk increases to 
1.95.



38

• Reduced kidney function

A Glomerular Filtration Rate (GFR) of 30-60 in-
creases the risk to 1.33, whereas GFR levels lower 
than 30 increase the risk level to 2.5 times than per-
sons with healthy kidney function.

Can reinfection occur?
Several studies have reported reinfections, but the 
observed number of these reinfections is small. The 
question is similar to asking how long immunity lasts. 
Answering this question is important because the 
future of the pandemic depends on this and be-
cause it also affects how efficient vaccines will be. 
If reinfections can occur, it seems that the possibility 
is relatively low. Recent research indicates that the 
duration of immunity may last six months minimum.

Reopening schools
This is one of the most common and important 
questions regarding the pandemic. Children have 
a low risk of dying if infected but are equally at risk 
of being infected and may take the disease back 
to their homes with the elderly, where the disease is 
more lethal. It is worth considering at this moment 
in time that if vaccines come to the rescue in a re-
asonable time, reopening schools can wait.



PART 3

Vaccines on the horizon
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Vaccine distribution 
considerations

To date, there are several vaccine candidates see-
king emergency authorization or in phase 3 trials. 
These vaccines may be available in the first months 
of 2021. The initial candidates have finished pha-
se 3 and seem to be very efficient, with efficacies 
above 90% and a wide range of protective power 
[14,15].

There will be problems related to vaccine distri-
bution and allocation. The first relates to the geo-
graphic distribution of vaccines in all communities, 
whereas the second refers to which individuals 
must receive the vaccine. This is a problem, but 
nobody disagrees that allocation must take into 
consideration who is at greater risk of dying if in-
fected and who is at greatest risk of infection. Me-
dical   personnel are among the groups that must 
be vaccinated first because they are at great risk 
of infection and because of their importance in fi-
ghting the pandemic. The elderly and people with 
comorbidities (obesity, diabetes, reduced kidney 
function) also need to be prioritized. 

The US National Academy of Sciences, Enginee-
ring and Medicine has proposed a five-phase plan 
to allocate a coronavirus vaccine to US residents 
[16], shown in Table 4.  
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Other factors that may be used to optimize vac-
cine allocation are the previous exposure of indi-
viduals to infected individuals. Some persons may 
have lived with an infected individual in the same 
household. Independent of the fate of the infec-
ted persons in any specific household, it is very likely 
that those living with him/her may have already 
been infected or perhaps already immune. There-
fore, it would be advisable to vaccinate individuals 
who are not in this situation first, which may be use-
ful in the most likely scenario where the number of 
doses is smaller than the population size.

Table 4. Five-stages of vaccine allocation pro-
posed by the US National Academy of Scien-

ces, Engineering and Medicine.

Phase Allocation

Phase 
1 Health-care workers and first responders (5%)

Phase 
2

People with underlying conditions that put them 
at high risk of severe COVID-19 disease or death, 
and older adults in densely populated settings 
(10%)

Phase 
3

Essential service workers at high risk of exposure, 
teachers and school staff, people in homeless 
shelters and prisons, older adults who have not 
already been treated and people with under-
lying conditions that put them at moderate risk 
(30–35%)

Phase 
4

Young adults, children and essential service 
workers at increased risk of exposure (40–45%)

Phase 
5 All remaining residents (5–15%)
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The allocation of vaccines across regions may 
be done based on the remaining susceptible po-
pulation, as previously described. In brief, the more 
advanced the epidemic in a region, the less vac-
cine is necessary.

If there are not enough doses to provide uni-
versal application (excluding those already confir-
med), it is advisable to integrate NGO’s to supervi-
se vaccine distribution and allocation. 
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Appendix

Proof that an SIR does not require homogeneous 
mixing.

There has been much debate on the implica-
tions of an SIR model. The main issue is the apparent 
implication of random mixing which implies that 
everybody mixes at random and thus one infected 
individual is always in position to infect any other 
susceptible person in the population. This obvious-
ly is unrealistic and is the main cause of rejection 
of this model. There has been a misunderstanding 
of the assumptions. Here, we provide simple proof 
that what this model requires is that, if we take one 
infected individual at random, at some point in the 
epidemic, the probability that the next contact will 
be with a susceptible is S/N, where S is the number 
of susceptible and N the total population size. 

In the stochastic SIR model, an individual has 
contacts according to a Poisson process with pa-
rameter λ, so the next contact of a particular in-
fectious with a susceptible occurs at a rate λS/N for 
a total infection rate of λIS/N. The term S/N is the 
fraction of remaining susceptible persons in the po-
pulation and under random mixing and is therefore 
the probability that the next contact will be with a 
susceptible. If we assume that next contact of the 
i-th infectious individual will be with a susceptible 
with a probability pi and the average of the pi’s is 
S/N, then
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So, we only require the average of the pi’s is S/N, 
which occurs if the remaining susceptible are ran-
domly distributed, something that is easier to assu-
me when the number of infected grows.
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