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Abstract 

 
In the present research work, two probabilistic models are constructed, which are exponential regression 

and negative binomial regression. The first one refers to the number of positive cases of being infected by 

COVID-19. The second one refers to deaths. It was possible to estimate the dynamics of the phenomenon 

with both instruments, resulting in the presence of more than 106 thousand positive cases of COVID - 19, 

with an approximation of more than 9 thousand deaths, all of this, in approximately 4 months. In the first 

case, these were the results, which when updated with data issued by the federal government's health 

sector in November, changed the contagion scenarios and the estimates of deaths from covid-19. 
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1 Introduction 

 
1.1 Problem definition 

 
In the first report from the World Health Organization (WHO), it was informed diverse cases of pneumonia 

with an unknown etiology and detected in the city of Wuhan, China's Hubei province on December 31
st
, 

2019. In the course of 3 days, the national authorities of China informed to WHO a total number of 44 

patients, without identifying the causal agent; however, with an identification of a new type of coronavirus 

[1,2]. 

 

From January 2020, China shared the genetic sequences, which it allowed to distribute them with other 

countries and to develop specific diagnostic kits [3,4]. From this understanding, Thailand reported the first 

imported case, as well as Japan did around the same time. On January 20
th

, 2020, Korea notified to WHO 

one of its first cases of coronavirus, and this information was confirmed by the laboratory of Wuhan.  

 

1.2 Data set description 

 
To the last reports obtained from the WHO during the month of April 2020, the transmission situation it has 

already been in world scene. This setting showed a total number of confirmed cases of 2, 397,216 from 

different countries, and a total number of new confirmed cases of 83,006, a total number of deaths of 

162,956, and a total of new deaths of 5,109. These reports were taken into account from the countries, 

territories and areas with cases and deaths caused by COVID-19, and reported laboratory-confirmed cases, 

with data gathered from April 21
st
 2020 emitted by WHO. 

 

In the case of Americas with data obtained from Pan American Health Organization (PAHO), it shows a 

total number of confirmed cases of 925.291 in 54 affected countries and with 44.775 confirmed deaths. By 

this time, to the specific case of Mexico, there are 93,453 confirmed accumulated cases and 150,157 

negative cases, 38,497 suspected cases and 10,167 deaths. (https://coronavirus.gob.mx/datos/, consulted 

from June 2nd, 2020). 

 

The specialists considered that from 7,778 million of inhabitants in the world, 70% of them have the 

probability of being infected, provided that there is no intervention from the authorities, governments and the 

same population. From this 70% of infected ones moreover, 80% of these would be asymptomatic [5].  

 

The other 20% would show severe symptoms, additionally of this population of probable infection the 14% 

would develop more serious symptoms with requirement for hospitalization, the other 6% would require to 

have intensive cares; although, the other 3% would die. In this last, fatality rate of virus SARS-CoV-2 might 

be. Liu et al, [6] In the case of fatality, each country determines the formula to calculate, in which Mexico 

has taken as the relation between the deaths and the infected. 

 

1.3 Related work 

 
Taking into consideration this panorama, we will have to make an analysis defining the settings of 

transmission, mortality rate and condition in which population might be affected. Nevertheless, this situation 

did not consider intervention and any action to influence on transmission behavior. As a consequence, the 

diverse analysis and modeling of the scientific community must think over to foresee the future of the spread 

of the virus and then, focus on the intervention of authorities, resource calculation, and sustained design of 

public policies [5]. 

 

This is a quick response of the scientific community to offer efficient answer with techno-scientific tools, 

and which define different settings with certainty in order to decide which models of intervention are 

adequate to follow, and which factors include as political option. Even though, in an initial time there is no 

about:blank
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enough information to support these models, later we must trust on adjusting these deficiencies of data 

meanwhile important epidemiological knowledge are generated. 

 

Making reference to the case of Mexico, there is an advantage about the previous behaviors of the virus 

showed in China and Europe, so this benefit helps with more certainty to the estimations of the mortality rate 

of Covid-19 and how quickly it spreads, how these estimations differ from diverse populations, and also how 

these probabilities of risk were quantified in Germany [7]. 

 

As a result, to the design of these models it can be added the own conditions of the countries. In the 

particular  case of  Mexico, in respect of its modeling of State, Political class, ways to construct the public 

policies, National legal system, National Health system, Public healthcare system, resources and quality of 

care, quality of citizenship, capacity of social organization, demographic composition, territorial distribution, 

sociodemographic characteristics and economic composition, distribution of wealth and levels of poverty, in 

addition to the mobility index and situation of morbidity and mortality [8]. 

 

In referring to the case of Mexico, whatever modeling of analysis of conditions of mobility of the population 

can be incorporated, thus the level of risk will change based on the composition of the comorbidity, in other 

words, more diseases in concert with the age. In a manner that, the increase of risk will be for people who 

have diabetes, so then, this group develops a viral infection, and it is more difficult to treat due to the 

fluctuations in the blood glucose levels, and possibly because of the presence of complications of diabetes 

(International Diabetes Federation). 

 

From those who are under treatment of hypertension, there are evidences in which converting enzyme 

inhibitors have some changes when we compare them with those that do not have hypertension, which can 

be explained because they develop a more serious situation, and this is when respiratory damage and heart 

damage coexist, whereby these cases are the ones that must receive preventive measures in intensive care 

(Mayo Clinic proceedings; Coronavirus COVID-19 Resource Center; April 2020). 

 

From those who have obesity, they can get different complications in the health because of apnoea and 

decrease of oxygen in the cells, until difficulties to amount of fat to ensure attention of intubation, the 

respirator fit and their own mobilization in the hospital stay, among other cardiovascular diseases. 

 

It is relevant to mention, these models among the model that is being proposed in the current research project, 

has as main objective to analyze infections curve to smooth it and to reduce the dynamic of infections and to 

give opportunity to the Hospital System of Mexico can attend to the cases of severe symptoms, and also to 

prepare and to improve health infrastructure or re-converting of diverse hospitals to intensive-care nursing. 

Consequently, mortality rate could be reduced, and the most severe cases of recovery could be treated. In 

this case, take all actions leading to the isolation of the population, thus the potential spread of the virus is 

from 1.4% to 5.5%, and it must be reduced between 0.9% and 0.5% [9]. 

 

Within the strategic objectives that WHO has in relation to Covid-19, the following are highlighted: 

 

 To interrupt transmission from person to person, including the reduction of secondary infections among 

close contacts. 

 To identify, to isolate patients and to treat early diagnosis patients, which includes providing optimized 

care to infected patients.    

 To identify and to reduce transmission from the animal source. 

 To address critical uncertainties with regard to clinical severity, the degree of transmission or infection 

and the treatment. 

 To communicate critical information about risks and events to all communities and to counter 

misinformation. 

 To minimize social and economic impact through multi-sector partnerships [3,4]. 
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This can be achieved through the combination of public health measures; for instance, quick identification, 

diagnosis, case management, identification and monitoring of contacts, prevention and infection control in 

health-care settings, implementing health measures to travelers, awareness of the population and risk 

communication. 

 

On the basis of the foregoing, the present research work has the aim of predicting the number of cases and 

deaths of COVID-19 in Mexican population through the construction of two mathematical models, taking as 

a reference the start dates of each phase of the pandemic. 

 

To the construction of both models, the Operations Research Methodology is used, which is formed of four 

stages [10]: 

 

1. Mathematical formulation: in this first stage, present lineal relations that exist among the cases and 

deaths regarding the time. 

2. Construction of the model: in this second stage, adequate models are selected to predict the dynamic, 

therewith the calculation of parameters of both models is done.  

3. Validating the model: starting from the estimated parameters, in this third stage, the calculation of the 

adjustment of both models, thus inasmuch as this approximates to 1, greater precision of estimation. 

4. Analysis of the results: in this last stage the interpretation of results is done, once algorithms are 

obtained (mathematical equations) of both phenomena. 

 

With these models, a structured view of reality is showed with the pandemic COVID-19. In this way, the 

purpose of both models is to provide elements that intervene in the behavior of the phenomenon in order to 

optimize the performance [11].  

 

2 Theoretical Analysis 

 
To predict the dynamic of cases and deaths of the pandemic COVID-19, consider the following: 

 

 Positive cases: Yc = f(T) 

 Deaths: Yd = f(T) 

 

Such that: 

 

 Yc is the total of cases caused by COVID - 19 per day. 

 Yd is the total of deaths caused by COVID - 19 per day. 

 T is the time. 

 

It is based on the assumption that, both phenomena have a growing exponentially behavior [12]: 

 

       
 

 
 
 

 
   

(1) 
       

 

 
 
 

 
   

(2) 

 

This is represented graphically (Magister, [12]). 

 

Based on this context, the COVID-19 epidemic will not stop growing (in the presence of cases) until the 

population would be immune, resulting in a high fatality rate due to the collapse of the health system, this 

can be seen in the Fig. 3, within the function      . 
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Fig. 1. Exponential Graphic of cases of COVID-

19.  
Source. Own authorship, Mexico 2020 

Fig. 2. Exponential Graphic of deaths of COVID 

- 19.  
Source. Own authorship, Mexico 2020 

 

 
 

Fig. 3. Settings of the pandemic COVID - 19 per day 
Source. Own authorship, Mexico 2020 

 

From this setting, the authorities of Health System implemented the following actions (recommendation by 

World Health Organization) [3,4]: 

 

 To interrupt transmission from person to person, including the reduction of secondary infections among 

close contacts. 

 To identify, to isolate patients and to treat early diagnosis patients, which includes providing optimized 

care to infected patients.    

 To identify and to reduce transmission from the animal source. 

 To address critical uncertainties with regard to clinical severity, the degree of transmission or infection 

and the treatment. 

 To communicate critical information about risks and events to all communities and to counter 

misinformation. 

 To minimize social and economic impact through multi-sector partnerships. 
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These actions will have as effects lengthening of the epidemic in the time, and by doing so, it will decrease 

the fatality rate; as a result of this, the Health System will not collapse, thus enough infrastructure will be 

needed to attend a higher number of possible cases (this setting can be observed in the Fig. 3 of the function 

     ). 
 

On the basis of the foregoing, the dynamic of the pandemic COVID -19 will approximate a normal 

distribution [13]: 

 

                                       (3) 

 

This is graphically represented: 

 

 
 

Fig. 4. Phases of the pandemic COVID - 19 per day 
Source. Own authorship, Mexico 2020 

 

Taking as reference the Fig. 4, The World Health Organization identifies five stages of the pandemic 

COVID - 19 (WHO, 2020): 

 

 First stage: the disease arrives to a country through a person or a small number of people who acquired 

the virus from abroad, then the number of cases is limited to a few dozens. 

 Second stage: with the arrival of people from other countries with COVID – 19, they spread the virus to 

those who have had contact, and these in turn continue spreading the disease, so the number of cases 

starts to exceed the hundreds. 

 Third stage: in this stage of the disease that has been presented all over the country, and there is a high 

number of community outbreaks, in which the number of sick people increases exponentially, having 

an effect to the saturation of the health centers.  

 Fourth stage: it starts with the reduction of infections in local areas, with the possibility of the 

emergence of a second wave with a likely duration from three to nine months. 

 Fifth stage: this is the culmination of the pandemic, which is declared by the World Health 

Organization. 

 

Since the context of probability and statistics, the function of density of the pandemic COVID -19, it is 

expressed in the following way: 
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Cases           
 
   

 
         

 
                      (4) 

Deaths               
            

 
                      (5) 

 

Where: 

 

 The expected value of cases is higher or equal to the expected value of deaths        ≥       . 

 The time i –is equal to the mean of time less deviation standard of time       
 
     . 

 The mean of time is equal time i –more the standard deviation of time  
 
          .   

 The standard deviation of time is the root of the variance of time             . 
 

The presence of positive cases and deaths daily lead to the accumulation of these: 
 

 
 

Fig. 5. Positive cases and deaths of the pandemic COVID - 19 per day 
Source. Own authorship, Mexico 2020 
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Y*c & Y*d represent the maximum points of the pandemic, including the positive cases and deaths 

respectively. Added to this, the turning points represent (Y*ca y Y*cd) the positive cases and accumulated 

deaths, that means that are coordinates in which the functions of both events, the positive cases and the 

deaths, it changes its tendency; as a consequence, the application of the recommended actions by the World 

Health Organization. 

 

3 Modeling  

 
Taking into account the theoretical analysis, the mathematical formulation of the pandemic of COVID – 19 

is expressed in the following way: 

 

Positive Cases            
 
     

 
     

 
                      (6) 

Deaths                        
 
                      (7) 

 

Where: 

 

   
 
        are the parameters to estimate to the positive cases. 

            are the parameters to estimate to the deaths. 

    is the margin of error (which is the proportional part that can be explained for the lineal relation that 

exists between the time and the pandemic). 

 

To the construction of both models, it is assumed that Yc & Yd are counts; therefore, both variables 

approximate to the Poisson distribution or negative binomial [14,5]: 

 

Poisson 
     

     

  
                        

                (8) 

Negative 

Binomial 
      

  
  

                 
 

 
              

  

  
 

                (9) 

 

Obtaining the expected value and the variance of both variables: 

 

 Effective Cases Deaths 

Expected value E(Yc) = 12,807.39 E(Yd) = 1,135.58 

Variance V(Yc) = 300,717,848.50 V(Yd) = 2,484,323.29 

 

Chart 1. Expected value and variance of the independent variables 
Source. Own Authorship 

 

In the chart 1, it is observed that the prediction of the pandemic COVID-19 cannot be modeled through a 

Poisson regression, thus the expected value and the variance of both events do not approximate; therefore, 

the most effective way will be through a negative binomial regression [15]: 

 

Positive cases           
 
   

 
     

 
                   (10) 

Deaths                     
 
                   (11) 

 

Where the adjustment of both models is through the deviance, which informs about the variability of the data, 

and it is expressed in the following way: 

 

    
     

  
                           

 

ND is the Null Deviance and RD is the Residual Deviance 

                   (12) 
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Such that: 

 

 If       , tighter fit. 

 If      0.5, moderate adjustment. 

 If       , minor adjustment. 

 

To the estimation of parameters, it is known that since the beginning of the pandemic that was on march 

18
th

, and the stage III was on October 25
st
, this represents the day 171. 

 

Where: 

 

 V(T) = 4125.51 

                               

 

Therefore, the day 235 would represent the maximum number of cases per day, it would be the turning point 

which changes the tendency of the tendency of the pandemic: 

 

     
 
          

 
                                  (13) 

 

Therefore, the regression models would be the following: 

 

Positive cases           
 
   

 
                             (14) 

Deaths                                            (15) 

 

Applying the Maximum Likelihood Theorem 
1, 

has that: 

 

It may be   ,.....,   a random sample of the population X with probability function    to each particular 

sample, the maximum likelihood function is defined as the function of joint probability of [16]: 

 

                                                 
 

                                             

 

Positive cases: 

 

                                                                 (16) 

Deaths: 

 

                                                                (17) 

 

Clearing E(Yc) & E(Yd): 

 

Positive cases                                                     (18) 

Deaths                                                     (19) 

Therefore, level adjustment of both models is with a level of confidence of 0.95 and with a level of 

significance of 0.05, the obtained algorithm (positive cases and deaths) keep 0.8299 & el 0.6152 of the 

variability of the data, in other words, both algorithms explain 82.99% & 61.52% of the dynamic of positive 

cases and deaths of the epidemic of COVID-19 [17]. 
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4 Interpretation of Results and Discussion 

 
On the basis of the algebraic expressions 18 & 19, the dynamic estimation of the cases and the deaths caused 

by the pandemic of COVID-19 can be interpreted in the following way: 

 

 
 

Fig. 6. Prediction of the cases of pandemic COVID - 19 per day 
Source. Own authorship, México 2020 

 

Taking as a reference the Fig. 6 and based on the estimations of the equation 19, the stage III started on 

October 5
th

 and it would end on January 7
th

 of 2021. During this stage, from 7,000 to 8,000 cases may be 

presented on average of per day, having as a highest point more than 8,030 cases on November 15
th

.This 

represents a turning point, in other words, from that date starts to decelerate the exponential growth of the 

pandemic (Fig. 7). 

 

 
 

Fig. 7. Prediction of the accumulated cases of the pandemic of COVID - 19 
Source. Own Authorship, México 2020 
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From January 9
th

 to March 16
st
 of 2021 will begin a decrease of cases per day, less than 6,000 cases, with the 

possibility of increasing activity of the virus. This fact will depend on the degree of mobility of the 

population. From March 17
nd

 to Jun 26
th

 will be the culmination of the pandemic, having an estimation of 

less than 1000 cases per day, all this will cause a result of more than 2 million infections. 

 

In relation to the deaths, in the Fig. 8 stage III would have a duration of 66 days from September 19
nd

 to 

January 20
th

 of 2021. In this stage, there will be from 700 to 900 deaths per day, having its peak of more than 

896 deaths on November 9
th

. In this date would happen the turning point of the pandemic, starting from the 

deceleration of the exponential growth of the pandemic (Fig. 8). 

 

 
 

Fig. 8. Prediction of deaths of the pandemic COVID - 19 per day 
Source. Own Authorship, México 2020 

 

From August 12
 th

 will start the decrease of deaths (less than 200 per day). From September 23
rd

 to 

December 4
th

 there will be the estimated average of less than 50 deaths per day, all of this may result in 54 

thousand deaths. 

 

 
 

Fig. 9. Prediction of accumulated deaths of the pandemic COVID - 19 
Source. Own authorship, México 2020 
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5 Conclusions 

 
With the construction and the development of these probabilistic models, exponential regression and 

negative binomial regression, the necessary elements could be obtained to know about the dynamic of the 

virus spread SARS-CoV-2, the deaths caused by Covid-19, its regional behavior during the time. 

Furthermore, we find the behavior of Covid-19, in each of its five stages, meanwhile range of temporality is 

defined. Taking into account these elements as basis, from this model it can predict the behavior of the 

fatality and its dynamic of transmission. Based on that, from this ceteris paribus, the diverse settings of 

actions taken, intervention and the prospective of resources can be defined to contribute to the mitigation of 

transmission; therefore, the composition of deaths. The model allows that, meanwhile the ones in charge of 

making decisions and taking care of resources and health infrastructure, prioritize interventions to impact on 

the range of temporality of each stage. 

 

These interventions are actions that influence on a phenomenon from the own design. Nonetheless, the main 

use of the model is to determine those elements impact on to slow down the infection, consequently take 

action in health infrastructure and administer appropriately the resources of health institutions. This in turn 

implies the simulation of the incidence of these actions in the effects of lengthening of the epidemic over 

time, thus, the fatality rate will decrease; in turn, the Health System will not collapse, because it will have 

enough infrastructure to attend the maximum number of possible cases (Fig. 3 of the function      ). 
 

Based on the above scenario, our model shows that the dynamics of the COVID -19 pandemic will 

approximate a normal distribution. In addition, this same model ensures the prediction of the behavior of 

infections and deaths from the COVID-19 disease. That when making a comparative analysis with the 

prediction models of the group of scientists of the Council of Science and Technology (CONACyT) and the 

Secretary of Health and Assistance (SSA), of the federal government in Mexico, their projections are 

102,274 deaths for the month June 2020 and 123,413 for November of the same year and with an increase of 

858 people died per day. In our model, the results obtained on these same dates are 886 deaths per day, 

which when comparing both results, gives us a difference of 3.26%. 

 

The results of this comparison, being so small, show us a robust and highly useful model, to be applied as a 

simulator at other levels of state and municipal government, and to make the appropriate decisions for the 

control and mitigation of the contagions. When relating these results to the territorial distribution of 

contagion and deaths, as well as the integration of other local elements such as the composition of economic, 

social, transport, employment, etc. Networks, we ensure with certainty the targeting of mitigation and 

control actions, contagion, maximizing resources and slowing down infections. 
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