
 

Sciences 

K.SenilSeby/Afr.J.Bio.Sc.6(13)(2024). 2215-2221                   ISSN: 2663-2187 

https://doi.org/10.48047/AFJBS.6.13.2024. 2215-2221 

An estimate of the real number of COVID-19 deaths in Mexico 

 
 

 

 

 

 

 

 

 

 

 

 

Article History 
Volume 6, Issue 13, 2024 

Received: 18June 2024 

Accepted:  02July 2024 
doi:10.48047/AFJBS.6.13.2024. 2215-2221 

 

 

 

 

 

 

 

On February 28
th

, 2020, Mexico confirmed its first three COVID-19 infected cases and the first 

COVID-19 death occurred on March 18
th

, 2020. Three years and three months later, at the end of 

epidemiological week 22 of 2023 (June 3
rd

, 2023), the cumulative number of infected and dead 

officially reported reached 7 621 062 and 334 167 respectively. At this time, Mexico ranks fifth in total 

COVID-19 deaths around the world (1) and also is the second (4.5% observed case-fatality ratio) at the 

top of the list of countries that have the most death proportionally to their COVID-19 cases (2). Despite 

the fact that the WHO (World Health Organization) announced the end of the COVID-19 health 

emergency on May 5
th

, 2023, and one day later the Mexican government announced the end of the 

COVID-19 emergency in Mexico, not in large numbers but new cases (infected and deaths) were still 

reported in Mexico after this date. In fact, Mexican government stopped reporting COVID-19 cases and 

deaths on June 25
th

, 2023. 

ABSTRACT 
   
Objective. Rather than officially confirmed COVID-19 death counts, excess mortality is a 

more comprehensive measure of the full impact of the COVID-19 pandemic. This study 

determines an estimate to the real number of COVID-19 deaths in Mexico in the period from 

2020 to 2023.n-hospital delivery-related maternal mortality and sociodemographic factors 

influencing this mortality in Ecuador during 2015 to 2022. 
Methods.  Using historical mortality data 2011 to 2019 provided by INEGI (National 

Institute of Statistic and Geography), we made a machine learning prediction for the number 

of deaths by any cause at years 2020 and 2021 in Mexico.  
Results. The differences between INEGI officially reported numbers of total deaths by any 

cause for these years minus the machine learning predictions for deaths by any causes 

(trained data 2011-2019 before COVID-19) are compared to the officially reported COVID-

19 deaths, thus scaling factors are obtained. The estimate for the real number of COVID-19 

deaths in Mexico is accomplished by multiplying the scaling factor (mean of two values) 

times projected values for the number of officially reported COVID-19 deaths at the end of 

July 2023. 
Conclusions. Machine learning algorithms have been employed to obtain first projections 

for the number of deaths in Mexico by any cause for years 2020 and 2021, and then a 

projection for the number of officially reported COVID-19 cases at the end of week 30 2023. 

Thus, we calculate an estimate of 760 398 for the real number of COVID-19 deaths in 

Mexico at the end of week 30 of 2023 (July 29th, 2023). 
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The great concern worldwide about COVID-19 was to reduce the number of infected and deaths, thus 

several measures were implemented in order to reduce COVID-19 infections such as mask wearing, 

social distance, vaccination, etc. Around the world several institutions have expressed disagree between 

the official data reported by governments and the actual number of COVID-19 deaths (2), (3), (4). The 

key point resides in observing the abrupt rise that the number of deaths from any cause had in 2020 and 

2021 (years of the COVID-19 pandemic). Excess mortality captures not only the confirmed deaths, but 

also COVID-19 deaths that were not correctly diagnosed and reported as well as deaths from other 

causes that are attributable to the overall crisis conditions (5). The work is organized as follows: section 

2 explains how data are used in order to make a machine learning prediction, how this prediction 

compares to the officially reported number of COVID-19 deaths and scaling factors are estimated, 

section 3 presents the main results and finally we close this work with some conclusions. 

 

MATERIAL AND METHODS 

First, we considered historical data for deaths in Mexico (any cause) in the period 2011-2019 (6). 

Thus, machine learning predictions for years 2020 and 2021 were obtained and compared to the 

officially reported deaths for 2020 and 2021, the differences give us numbers that reflect the effect of 

COVID-19 in the number of deaths in the years 2020 and 2021 in Mexico. Next, we obtained scaling 

factors by comparing these differences with the official numbers of confirmed COVID-19 deaths during 

2020 and 2021. Finally, by applying machine learning algorithms to officially reported COVID-19 data, 

we obtained a prediction for the cumulative number of deaths at the end of July 2023 and then we used 

our scaling factors to produce our estimates for the real number of COVID-19 deaths at the end of 

weeks 22 and 30, 2023 in Mexico. This approach differs from those previously used to estimate excess 

deaths (7), (8), (9), (10), as it relays on machine learning projections. Machine learning has shown to be 

an effective technique to produce valuable predictions that help governments and health agencies to 

make decisions in order to reduce the spread of COVID in the world (11), (12), (13), (14), (15). As 

described by Palacio et al. (16), the leading causes of excess mortality in Mexico during the COVID-19 

pandemic 2020-2021; the largest increases in cause-specific mortality, occurred in diabetes (36.8% over 

expected), respiratory infections (33. 3%), ischaemic heart diseases (32. 5%) and hypertensive diseases 

(25 %). As reported at (17), Dahal et al. findings indicate that Mexico has been disproportionately 

affected by the COVID-19 pandemic. 

 

RESULTS 

Table 1 shows yearly deaths in Mexico by any cause. The values at 2020 and 2021 were obtained 

with the Predict function (18), which employs machine learning algorithms in Wolfram Mathematica 

13.1. Predicted values correspond to the neural network algorithm with R-Squared = 0.998927. INEGI 



Page 2217 of 2221 
K.SenilSeby/Afr.J.Bio.Sc. 6(13)(2024).2215-2221 

 

 

 

reports a total of 1 086 743 deaths for 2020 and 1 122 249 for 2021. Thus, we have excess in deaths of 

316 162 for 2020 and 328 240 for 2021 with respect to the predicted values. 

 

 

 

TABLE 1. Yearly deaths in Mexico 2011-2019. 
Year Deaths 

2011 590 693 

2012 602 354 

2013 623 599 

2014 633 641 

2015 655 688 

2016 685 766 

2017 703 047 

2018 722 611 

2019 747 784 

2020 770 581 

2021 794 009 

Source: self made 

 

By the end of 2020, the Mexican Health Secretary reported a total of 125 807 confirmed COVID-19 

deaths (19), while the total of officially reported COVID deaths for 2021 was 173 621. Therefore, 

scaling factors of 2.513 and 1.89 are obtained that relate the real numbers of COVID-19 deaths to the 

numbers of officially reported COVID-19 deaths. 

At the end of epidemiological week 22 of 2023, the total of COVID-19 deaths reported in Mexico is 

334 167. By using the scaling factor, we can provide the estimate of 735 669 COVID-19 deaths at this 

date. Despite we were descending from the sixth COVID-19 wave, new cases of infection and deaths 

were still reported, thus we make predictions of the cumulative number of reported deaths eight weeks 

ahead in the future until the end of week 30 of 2023 (July 29
th

, 2023). We consider cumulative weekly 

data of COVID-19 deaths from weeks 13
th

, 2020 until week 22
nd

, 2023 (a total of 114 data points). 

Figure 1 shows the projected values for the weekly cumulative numbers of COVID-19 deaths in 

Mexico. They were obtained by a 4-layers artificial neural network model (sklearn python, 

nodes=[15,15,15,1], with activation functions relu and tanh), 80% trained data, 20% test data. 
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FIGURE 1. Neural network prediction cumulative number of COVID-19 deaths in Mexico. 

 

Source: self made. 

 

Table 2 displays MAE and RMSE errors for the neural network model where also the coefficients of 

determinations (R-squared) are included for train and test data. 

 

TABLE 2. MAE, RMSE, and R-squared for the 4-layers artificial neural network model 

data MAE RMSE R-squared 

train 0.048552 0.060550 0.996259 

test 0.049066 0.059510 0.996658 

Source: self made. 

 

The neural model predicts 345 400 confirmed deaths (up to July 29
th

, 2023). Hence, our estimate for 

the real number of COVID-19 deaths in Mexico is 760 398 at the end of week 30, 2023 (July 29
th

, 

2023). It is worth to mention that the Institute for Health Metrics and Evaluation (20) with historical 

data up to December 16
th

, 2022, produced an estimate of 770 824 for the real number of COVID-19 

deaths in Mexico dated April 1
st
, 2023. 

We have used machine learning in two instances: the first to estimate the total numbers of deaths 

from any cause in Mexico for the years 2020 and 2021, and the second to predict the number of 

officially reported COVID-19 deaths at the end of week 30 of 2023. At figure 1, the projection curve 

for the cumulative number of deaths shows just a slight increase for the end of week 30 2023. Here we 

are taking a conservative approach by assuming no new COVID-19 waves will appear on the second 

half of year 2023. In this work, machine learning methods were used to obtain an estimate of the real 

number of COVID-19 deaths in Mexico but is also worth to mention some other applications of 

machine learning methods related to COVID-19 mortality. Machine learning methods were employed 

by Banoei et al. (21) to predict mortality and identify patients at low and high risk of dying, Zarei et al. 

(22) predict in-hospital death among COVID-19 patients while Kuno et al. (23) predict in-hospital 

mortality for COVID-19 patients treated with steroid and remdesivir. Kogan et al. (24) developed a 

prognostic model for alerting to imminent deterioration of hospitalized COVID-19 patients while 

Jamshidi et al. (25) predicted COVID-19 mortality based on typical laboratory results and clinical data 
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on the day of the ICU. 

 

DISCUSSION 

As COVID-19 has spread around the world, people have become familiar with the official weekly 

number of deaths reported by their governments. Regrettably, the total number of deaths caused by the 

pandemic could be higher, for a number of reasons. First, in many countries official statistics omit 

victims who did not test positive for coronavirus before they died, which can be the vast majority in 

places with low testing capacity. Second, due to COVID-19 lockdowns, hospitals and civil registries 

may not process death certificates for several days, or weeks, leading to data delays. And finally, the 

pandemic has discouraged people from going to the hospital and made it harder for doctors to treat 

other conditions, which may have indirectly caused an increase in deaths from diseases other than 

COVID-19 (for example people who interrupted their treatment or could not have surgery). Having an 

estimate of the real number of COVID-19 deaths, allows us to carry out an analysis about what was not 

done, what was done wrong and to be able to correct it in future health emergencies.  

Some powerful machine algorithms could help us to develop better diagnostic methods not only to 

detect COVID-19 but also other new diseases. Additionally, it makes it possible to model and forecast 

how new medicines will work, as well as customize care based on a patient's comorbidities and 

medical records. 

 

CONCLUSIONS 

Machine learning algorithms have been employed to obtain first projections for the number of deaths 

in Mexico by any cause for years 2020 and 2021, and then a projection for the number of officially 

reported COVID-19 cases at the end of week 30 2023. Thus, we calculate an estimate of 760 398 for 

the real number of COVID-19 deaths in Mexico at the end of week 30 of 2023 (July 29
th

, 2023). All 

the calculations made here can be replicated with data from other countries to obtain similar estimates 

of excess deaths from COVID-19. 
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