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Abstract

In the present paper, an algorithm was developed to represent the behavior of the current SARS-CoV-2 virus epidemic in Mexico, known
as COVID-19, to obtain a likely scenario for the coming months and provoke a healthy discussion about the problem. The data reported
by government entities is considered first by analyzing a simple model, via the construction of a polynomial, and then building an expo-
nential type function, from the so-called logistic function. A numerical comparison is made with the officially provided data, and the graphs
obtained from the solutions found are shown, including a brief explanation on how to interpret them appropriately. Finally, the possible
scenario for the following months of the development of the epidemic in Mexico is discussed.
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1. Introduction

Many diseases that affect organisms in the animal kingdom, particularly humans, are a result of a combination of environmental factors,
including exposure to other organisms, such as viruses and bacteria. When this happens, an organism-to-organism transmission, known as
contagion, can take place. Contagions that occur in one place, at a certain time, and on a massive scale are called epidemics.

Humans in general are very sensitive to changes in the components of the environment that surrounds us. It is known that many of the
components which we can consider part of living beings are viruses and bacteria. All of them are microscopic organisms and are often
made up of small chains of nucleotides or proteins, particularly viruses that need a host to reproduce. The big problem for us is that when
they achieve this reproduction, they cause a series of reactions in our body that range from temporary discomfort, while the reproduction
cycle is carried out, to necropsies in part of the various organs that serve as receptacles for such organisms, then a condition appears in the
body known as infection [1-4].

For many of these infections, humans have developed the so-called antibodies, which are organisms part of our body that are responsible
for "keeping at bay" and expelling foreign bodies that cause infections. But when these infections are very new, or hygiene conditions
favor their reproduction and transmission, an epidemic is caused. Basically, according to the Dictionary a "disease that attacks a large
number of people or animals in the same place and during the same period of time”, e. g. the Spanish Language Dictionary [5].
Throughout the history of mankind, there have been many epidemics, in many places and of various kinds. In ancient times, very few
epidemics were formally documented, and most of those that do have records were developed in what we can call Eurasia, the region of
the world made up of Europe and Asia, considering the north region of the so-called Red Sea, such as those discussed below [6-11].
Thucydides rigorously recounts the desperation of doctors and patients in the face of the devastation of an epidemic for which neither
knowledge nor remedies were known in Athens at the time of Pericles, during the Peloponnesian War against the Persians. And especially
during the war against Sparta and her allies, in the year 430 before our era [12], [13].

The Antonine plague (165-180 BC) also known as the plague of Galen, because it was this famous doctor who adequately described it,
was an epidemic possibly of smallpox or measles that affected the Roman Empire. It is believed that it was carried by troops returning
from Lucius Verus's Parthian war in Mesopotamia [14-16].

In particular, in Mexico, the following epidemics have been documented.

There are records of three epidemics in the fifteenth century, in pre-Hispanic Mexico: the pestilential cold (1450), caused by low temper-
atures (year 7 Tochtli), one of the probable causes of the abandonment of Tula; diphtheria (possibly in 1456) in the Great Tenochtitlan;
and exanthematic typhus (around 1496) in Xochtlan, Tequantépec and Amaxtlan [17-19].

In the 16th century, the following four epidemics were documented [20-23]: the Spanish invaders introduced smallpox (1520), which
devastated the Great Tenochtitlan and allowed the Mexica people to be defeated, since many skillful and veteran warriors died [20,21];
measles (1531); salmonella (1545, called cocoliztli which means epidemic) that killed approximately 80% of the population (out of a
population of approximately 15 million people); hemorrhagic fever (1576-1577) killing approximately 50% of the aboriginal population.
In the eighteenth century, the epidemic called matlazahuatl (possibly typhus, from 1735 to 1736) killed approximately 40 thousand people
in Mexico City [23].
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In the 19th century, cholera (1833) killed some 324,000 inhabitants throughout the national territory; and there was yellow fever (1883) in
Mazatlan, where 2,541 people died (16% of the population of this municipality) [23].

At the beginning of the 20th century, several epidemics appeared [23-26]. In Mazatlan, the first cases of the black plague of the bubonic
variety (1902-1903), infected approximately 824 people and killed 582. Later, Spanish influenza (1918), left in Mexico about 500,000
deaths from a population close to 14 million people at that time [23], [24]. Poliomyelitis (1948-1955) affected 1,100 people and was
eradicated by vaccination [26].

Already in the current XXI century, influenza due to the A-H1N1 virus spread throughout the country without serious consequences [27].
And currently, two years have passed since the SARS-CoV-2 virus, commonly called Covid-19, was detected. It caused an epidemic in
Wuhan (China) and spread rapidly throughout the world [28], consequently classified as a pandemic by the World Health Organization
(WHO). Its rapid expansion has led to many errors in the policies of each nation, as it has resulted in a problem with many variants and
many mutations. In the world, 383,509,779 accumulated confirmed cases and 5,693,824 deaths have been reported so far, and
10,040,768,270 doses of vaccine have been applied. In Mexico there are 5,068,985 total confirmed cases, 308,141 deaths and 167,682,458
doses of vaccine applied, as of February 4, 2022 [29].

Without a doubt, it has been a great achievement to have a vaccine available in such a short time to combat this epidemic, since it must be
taken into account that when an epidemic caused by mutations or unknown viruses develops, no country and no system of health is ready.
It has to be learned at the same time as it is fought, and it is necessary to develop ways to avoid new outbreaks by developing control
measures, as in the case of poliomyelitis, measles, smallpox, and others. But once the behavior and symptoms of the epidemic have been
learned more or less, actions are generated to protect society: prevention measures, where citizens must cooperate; generation of drugs to
combat infection; a long-term solution (a vaccine), which unfortunately takes time and the cost is high in all respects; and lastly, monitoring
that leads to trying to predict the development of the epidemic, although it will necessarily only be approximate. However, in record time,
various palliative vaccines have been developed, considering that to achieve a vaccine that permanently immunizes against a virus or
bacteria, or any other pathogen, around 10 years are needed on average [30, 31].

The first step is to learn the virus incubation period and its transmission velocity and method (speed, range, lethality, variants, active
lifetime, etc.). So, it is important to find prediction methods, which constitute a great challenge. A basic tool to try to predict the behavior
of an epidemic (of the pathogen that causes it) is statistics. But being an unknown pathogen in many aspects, traditional prediction methods
may not be enough. In the long term and knowing the general behavior of the pathogen, it is possible to arrive at sufficiently satisfactory
results, as long as the population likely to be affected becomes aware and consequently follows the suggestions of specialists: epidemiol-
ogists, infectious disease specialists, and others. It is a big responsibility and there is a risk of the political use of the problem if the measures
are not entirely adequate. So, there must be an attitude of cooperation of the population, instead of just looking for and exaggerating
possible government errors in combating the problem.

In this paper, we present a statistical study to generate an algorithm that allows projecting the epidemic situation due to the SARS-CoV-2
virus in Mexico, based on the data provided by government entities. To achieve this, a review will be made of the data reported daily from
March 2020 on the number of confirmed cases of people infected with the virus. Initially, polynomials will be constructed to show the
behavior from a given month with a five-month projection to observe two key moments: the point of the maximum number of confirmed
infections per day and the corresponding decline in the number of confirmed cases, so that it will be possible to construct asymptotic curves
showing the evolution of the epidemic. The data from the initial 28 weeks will be used first, to subsequently carry out the same algorithm
with 52 weeks of data. The construction of the so-called logistic equation will be used, which will allow a more adequate modeling of the
mentioned behavior. The resulting algorithm will be contrasted with data reported for several days over a year, so that we can observe how
the values obtained by the algorithm approach the reported values as more recent data are considered, using data provided in the middle of
2021. [29]. It should be noted that this is only one possible model and is by no means intended to be the correct model, as many factors
may not have been taken into account. As it has been observed, each country and each region presents a different way of evolving from
the current epidemic. Therefore, we are currently interested in conducting this brief study only considering the case of Mexico.

2. Construction of an algorithm or procedure

To build mathematical models that are good enough to represent the behavior of any situation with scattered data (in our case, the behavior
of an epidemic due to a virus), it is necessary to consider various statistical concepts. It is thus convenient to collect, organize, analyze, and
interpret data to provide an acceptable explanation for the behavior of these data that are subject to uncertainty. The use of statistics is
essential since it seeks to establish limits to the uncertainty of situations with scattered data and to give probable conclusions about different
sets and/or relationships between such data sets.

2.1. About the data and its organization

So, for the construction of the mathematical model mentioned in the Introduction, the data provided by the Mexican government through
official communications [29], starting February 28, 2020, are considered. The first 28 weeks of data, organized by week, are shown in
Table 1. Since as of October 2020 a large part of the population stopped following sanitary measures, causing a rebound in the number of
infections per day at the end of 2020, and because the government carried out a count readjustment for those dates, a new analysis of results
will be carried out, considering a period of one year and with the newly updated data. It will then be necessary to reconsider the original
model, extending the sample with which we will work and considering the adjustments made by a commission in charge of watching the
mentioned epidemic in Mexico, dependent on the Ministry of Health. The 52-week results are shown in Table 2. It is not easy to obtain a
behavioral model of something that is not known, so in the following lines, we venture a possibility.

It is important to note that the data tables presented are only fully confirmed data. The problem generated by the virus commonly called
COVID-19 is very unpredictable, by its very nature. For this reason, only the data provided by the entities responsible for one year are
considered, this is done using only the data that is considered necessary, since during the development of the algorithm proposed here,
more data emerged with a different dynamic develop.

Table 1: Confirmed Cases. First 28 Weeks

Data No. days Confirmed cases
1 7 5
2 14 12

3 21 164
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4 28 585

S 35 1510

6 42 3441

7 49 6297

8 56 11633
9 63 19224
10 70 29616
11 7 42595
12 84 59567

13 91 81400
14 98 105680
15 105 133974
16 112 165455
17 119 202951
18 126 238511
19 133 282283
20 140 324041
21 147 370712
22 154 416179
23 161 462690
24 168 505751
25 175 543806
26 182 579914
27 189 616894
28 196 652364

Table 2: Confirmed Cases for 52 Weeks

Week days Confirmed cases
1 7 85

2 14 207

3 21 809

4 28 1869

5 35 3811

6 42 6796

7 49 11964

8 56 20286

9 63 31510
10 70 45157
11 77 63011
12 84 86295
13 91 112538
14 98 141994
15 105 175840
16 112 212678
17 119 251125
18 126 293931
19 133 338149
20 140 386989
21 147 437084
22 154 484292
23 161 526154
24 168 565911
25 175 603606
26 182 642743
27 189 681881
28 196 717684
29 203 747106
30 210 780989
31 217 813726
32 224 845974
33 231 883697
34 238 927239
35 245 970784
36 252 1010576
37 259 1058112
38 266 1101966
39 273 1156987
40 280 1219454
41 287 1290434
42 294 1367454
43 301 1441339
44 308 1512464
45 315 1601433
46 322 1711885
47 329 1816057
48 336 1909708
49 343 1973150
50 350 2028411
51 357 2071985

52 364 2113274
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2.2. Afirst try. A polynomial model

Given how the pandemic generated by the Covid-19 virus has behaved, a 4"-degree polynomial was initially proposed, to find out the
approximate number of confirmed infections on the selected day. But that also allows finding a rate of increase in accumulated cases per
day, with data at the national level. The critical points corresponding to the mentioned polynomial were obtained, so that we define the
function y(t) = number of confirmed cases at time t (measured in days first and weeks later) and its corresponding derivative to t, namely
y'(t) = growth rate of confirmed cases at time t. Considering the condition y'(t) = 0, three roots were obtained, two of them imaginary, so
only the positive real root was taken into account. Certain considerations were made to relate the values of the variable found with the
number of days from the first case, thus considering the appearance of several infections per day, and its consequent decline in this data
(infections per day). The polynomial obtained was the following,

y(t) = 0.0015988 t* + 0.15617 t — 39.55t +1002 .3t — 6986 .9, @)

and its corresponding first derivative,

y'(t) = —0.0063952 t3 +1.7285t2 — 79.108t +1002 .3, @)
which with the condition y’(t) = 0, provides the solutions
t; =216.49, t, =26.898 +0.69084i, t3 =26.898 —0.69084 1, ®)

being the real solution t1, the sought value since the other roots are imaginary. The extreme condition is obtained from the evaluation of
the second derivative, obtaining a maximum as expected for the value t1 shown in (3). That is, it would correspond to the existence of a
maximum of infections on day 216 or 219, depending on whether it is convenient to take the nearest integer above or below the exact value
for t1. The possibility of the beginning of the decline in the number of infections per day indicates that on day 219 (October 2, 2020) there
should be a maximum in the registry of accumulated cases, and their corresponding growth should begin to be very slow if the epidemic
behaved as it did during the first six months. The function (1) evaluated at the value obtained, namely t1 = 217, should start to “flatten out”,
that is, to have an asymptotic tendency. But due to its shape, it only shows the moment when the number of daily infections should decline.
Hence, with the condition for the aforementioned derivative, it is found that approximately the number of confirmed infections as of
October 2, 2020, should be 685,894. The official number recorded that day was 813,726, so the calculated amount represents a difference
of 15.7% with respect to the official amount reported. For a preliminary test, it shows that it is possible to construct a polynomial in this
way, one which represents approximately the time (day number) when the decline in the number of infections per day begins. Figure 1 and
Figure 2, respectively, show the curves obtained for the function and for its derivative, where such points are observed.

‘

500 000 |

‘onfirmed cumulative infections

|

100 Passeddays 200 300
Fig. 1: Graph of the Function Y(T), of the Behavior of the Pandemic, for an Interval of —100 <t <300 .
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Fig. 2: Graph of the Function Y’(T), for an Interval of 0 <t <250 .

As previously mentioned, the function in (1) is not entirely correct, because apart from the very diverse variations of infections per day,
due to multiple factors that are difficult to control, a more appropriate model would allow us to construct a function that at infinity of the
variable behaves asymptotically, towards a value that indicates the trend of the number of infections to zero. Thus, we now consider the
function used for population growth, also known as the logistic function, for which we will need to solve the logistic equation,

dp
P pa_bp). 4
© = P(a-bP) “)
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where:

P = population at any instant of time
a = constant to be determined, according to the conditions of the problem
b = constant to be determined according to the conditions of the problem

Equation (4) can be written in another way, by separating the factors, considering the need to have a single variable on each side of the
equality, from which when integrating we obtain,

Pl =—— 2R, ©
bP0+(a*bP0)e a

being:

a = constant to be determined
b = constant to be determined
Po = Initial population

The logistic function that allows a better approximation of the problem has been obtained. Considering the initial condition, namely the
value of the function for the initial time (t = 0), which will be the initial population Po, in our case the number of confirmed infections,
which can be taken arbitrarily, not necessarily on day zero of the epidemic.

2.3. A more realistic model

Taking into account equations (4) and (6), we now build an algorithm that allows us to model the development of the COVID-19 pandemic,
closer to its occurrence, by considering the possibility of an asymptotic behavior that reflects the decline in infections in an unknown time.
In the limit to infinity, for the population function (6) it is observed that the maximum population M of possible contagions is as,

@

M=2
b

That is the maximum population (maximum number of confirmed infections) is not related to the initial population, but to the two constants
that we must determine. To do so, we use the data provided in Table 1, in (1) and (2) equations in order to solve (6).

From (2), which represents the growth rate of the number of infections per day, for two arbitrary time values, for which the number of
confirmed infections is known (populations at those chosen moments), we define to = 98 and t1 = 196, for which we have,

P(to = 98) = 105680 and P(t1 = 196) = 652324,

Which by substituting in (2) they give the growth rate of infections for those days, and from (4) for P(t) as a function instead of y(t), we
have the system of linear equations,

{3831— 105680(a —105680b) @)

3746 =652364(a — 652364b)

Whose solution gives a = 42145(108) and b = 5.58(108). Now substituting the values of time used in (2),
P’(98) = 3831 and P’(196) = 3746,

And substituting in (7) one has M = 755339, which will be the maximum number of infections for Po = 652363 corresponding to the
selected day t, = 196, so that (6) is reduced to,

274957663 )

P(t) = _
0.0364-+0.00575e(~421X107)t

Expression (9) constitutes a more adequate approximation of the behavior of the epidemic in Mexico, as can be seen from the following
considerations.

We graph the function of the behavior of the epidemic (9) in the range of values (—196,100), as shown in Figure 3, and which as can be
seen is asymptotic, as the epidemic is expected to behave, having as limit a maximum value of confirmed infections, and so tending to zero
value in the number of infections per day.
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Fig. 3: Behavior of the Epidemic in an (—196,100) Interval for the Logistic Function (9).

Figure 3 shows that from about t = 80, the function begins to have linear behavior since the number of infections per day would begin to
reduce, and from that point, the curve apparently "flattens”. That is, considering t = tm — to, with to = 196, the result is tm = 276, it would be
expected, according to our logistic function, that the number of infections per day would stabilize, and we would find ourselves in the stage
of exit of the pandemic for day 276 (November 30, 2020) since the beginning of the pandemic in Mexico, reaching a number of infections
no greater than P(t—o0) = 755378 of confirmed cases by COVID-19.

Up to this point in the data analysis, only the first 6 months of the epidemic were considered. In addition, in October 2020, a large part of
the population stopped following the sanitary measures (despite the calls to continue following them), and also year-end parties began to
be held, as well as clandestine events with 200 to 300 people in much of the country, causing a sudden increase in confirmed infections by
the end of 2020. Due to the above, since the government carried out a readjustment of the count for this data (which was updated on the
CONACYT page), a new analysis of results carried out for a longer period of time (one year) and with updated data, as well as the
consideration of the sudden increase in confirmed cases at the end of the year, shows better the behavior to be observed.

Updating the data of confirmed cases and extending these for 52 weeks, we obtain a polynomial similar to the one obtained with the six-
month data, with which we will represent the number of confirmed cumulative cases of infection. The polynomial obtained for these new
data (Table 2) is,

y, () =0.00033884 t* —0.23951t> + 67.844t% — 3273 .6t + 30124 , (10)

t1 = 28.080, t2 = 251.03 + 151.65i, t3 = 251.03 — 151.65i, (11)
And the corresponding first derivative, which with the condition y’(t) = 0 allows to obtain,

Where only the solution t1 is useful as it can be seen, which is real and positive, as it should be. In addition, an extreme value for the
function is obtained by evaluating the second derivative in the possible real root t1 of the first derivative. The obtained value indicates the
existence of a minimum of the function y, (t), which indicates that the polynomial obtained from the new data does not provide information
on the possible day on which the epidemic will reach its peak, nor on what date the contagion curve will begin to “flatten”. So, we will

now use the so-called logistic equation but apply it to the data in Table 2.
Starting from the initial approach, with the first data considered, we now turn to the logistic equation in the following way,

_ (aRy) (12)
P(t)=—*0)
2 bR, + (a - bRy )e 2

Furthermore (7) can also be used so that can be define,

M, = (13)

a
b

We now proceed to determine the maximum population, considering the new data (Table 2) and the growth rate expressed by evaluating
the derivative of the function y, (t), to find the solution of (4). The growth ratio with the data in Table 2 is,

y'5 (t) = 0.0013554 t2 —0.71853t2 +135 .69t — 3273 .6, (14)

And using two arbitrary values of t from Table 2, of which the populations are known (number of confirmed infections), namely to = 182
and t1 = 364, we have P2(to) = 642743 and P2(t1) = 211327. Evaluating (14) in those same values of t, we have,

P’> (182) = 5793 y P*» (364) = 16284 (15)

With these values, a solution to equation (4) is sought, and the system of equations is obtained:

5793=642743(a—642743) (16)
16284 =2113274(a—2113274b)

So that,
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b~889x1071% and a ~ 958 x107*° => M, ~ 10781026

With Po = 2113274, corresponding to day to = 364, the last data considered, and we have the logistic function,

Po(t) = 20254.32 . .
0.0019+0.0077e 29810t

where:

t=tm—to

tm = sample time to predict
to = initial time,

Expression (17) can be considered a more realistic representation of the behavior of the epidemic in Mexico. Figure 4 shows the function
found on an interval — 364 <t < 600.
1x107
8x10°

6x 10°

d cumulative mfections

4x10°

6
2x10 LE
(@]
O

-2 200 400 600

Estimated time range

Fig. 4: Logistic Function for the Behavior of the Pandemic, in An—364 <t < 600 Interval.

Figure 4 shows that from t = 500 the function begins to have linear behavior since the number of infections per day would begin to decrease,
and from that point, the new curve tends to "flatten out”. That is, considering t = tm — to and with the values of time to = 364, t = 500, we
have tm = 864. According to this new logistic function and with the updated data, a stabilization in the number of infections per day would
be expected and we could consider being in the exit stage of the epidemic by day 864. (July 11, 2022), counting from day zero of having
started in Mexico, reaching a number of confirmed COVID-19 infections of P2 =~ 10 660 169.

With the procedure shown, based on the records provided by the country's authorities, it is found that the epidemic due to the SARS-CoV-
2 virus manifests signs of lasting more than 2 years at the national level, with the possibility of around ten million confirmed infections. It
is a scenario that no one wants, but it is a likely one; unless the public's attitude of disbelief and distrust towards the actions of government
agencies and the preventive measures proposed by health officials is corrected.

3. Results and discussion

It is necessary to make a comparison between the obtained expression from the possible behavior of the epidemic and the monitoring
results released by the health authorities. We will take a couple of sample values for tm and figure out the amount of infected population
predicted by the logistic function (17), to compare with the official data and determine the percentage of difference.

With the sample values tm1 = 91, tm2 = 182, tms = 196, tms =364, and taking into account the adjustment in the official figures, considering
t = tm — to, for to = 364 we have t1 = — 273, t2 = 182, t3 = -168, t4 = 0. So, P2(-273) = 188987, P2(—182) = 441021, P2(-168) = 501344,
P2(0) = 2109830. Retrieving the values of Table 2, and comparing, the percentage differences obtained are, €1 = 67.93%, €2 = 31.38%, &3
= 30.14%, €4 = 0.16%, respectively, seeing that as the epidemic evolves, the margin of error shrinks, which allows us to consider the
procedure shown here adequate to represent the behavior of the epidemic in Mexico.

On the other hand, reviewing the data on confirmed infections, it is observed that once the first stage of infections is over (approximately
six months), the number of such confirmed infections doubles approximately every three weeks in the second half of 2020. Later, in periods
of three months; and already in the second half of 2021, periods of four to five months are observed. Considering that the official number
of total infections as of February 2, 2022, was 5,068,985, and given the indicated doubling period, it is possible that in effect there will be
around 10,000,000 by July of this year (2022), as calculated with the algorithm presented. Furthermore, observing how the epidemic has
evolved, with increases in infections every almost half a year, as shown in Figure 5, that possibility cannot be ruled out.
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Fig. 5: Distribution of Infections Per Day (Source: Ministry of Health, Mexico) [29].

4. Conclusions

As it has been shown, based on the data obtained from official sources, it was possible to develop an algorithm whose starting point is the
proposition of a quartic polynomial, which in the positive part of the values of the variable resembles an exponential type function. The
results of this first test later helped to develop an algorithm that allows obtaining an equation based on the population growth theory. Of
course, this is only a test of what can be done, considering the enormous number of variables that intervene, including the attitude of the
population, to obtain effective control and eradicate or at least greatly mitigate an epidemic. There must be an attitude of cooperation of
the population, instead of just looking for and exaggerating possible government errors in combating the problem.

Based on the results obtained with the last elaborated function, and the most recent data update by the authorities, we managed to obtain a
logistic function to try to represent the future behavior of the pandemic in our country (Mexico). These results make us see that, regardless
of the information given by the news or unofficial media, the current situation in the country still has a long time and a long way to go.
Therefore, it is not advisable to rush into non-essential activities or events, since they could alter the rhythm of the pandemic, and even
causes the situation to last for an even longer time than that already suggested in this work and others like it.

We must also highlight that the function formulated with this work presents us with a very considerable possible number of infected people
compared to the population of the country (126,014,024 registered by the INEGI in its 2020 Population Census) [32]. Therefore the need
for vaccination against the SARS-CoV-2 virus is reiterated, as this action can largely counteract the number of deaths and allow that of the
ten million possible infections by July 2022, deaths will be very few or even nonexistent.
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