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Abstract

Worldwide, statistical data of people infected by COVID-19 has been taken until March 29, 2023, 
which, when correlated, showed a predictive logistic 
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 model. The purpose was 

to determine the predictive model, which was acceptable, in such a way that the proportionality 
constant and the correlation and determination coefϐicients are of great importance to estimating 
epidemiological and pandemic data; coinciding with what was reported by other authors. Bearing in 
mind that a mathematical model is a mathematical description through a function or equation of a 
phenomenon in the real world; whose purpose is to understand infections and make predictions for 
the future. The stages were: to model the number of people infected as a function of time, formulate, 
and choose the logistic model, determine the model and obtain mathematical conclusions, and make 
predictions (estimates) about the number of people infected by COVID-19 worldwide. The logistic 
model was derived to predict the speed of people infected by COVID-19 and the critical time (tc = 
733 days) for which the speed was maximum (1694,7209 infected/day). The Pearson correlation 
coefϐicient for the time elapsed (t) and the number of people infected (N) worldwide, based on 32 
cases, was r = -0.88; the relationship between time and those infected is real, there is a “very strong 
correlation” between the time elapsed (t) and the number of people infected (N) and 77.03% of the 
variance in N is explained by t. 

Introduction
The behavior and analysis of COVID-19 until March 29 

of the present, determine the statistical and mathematical 
model, critical time (days) in which the greatest contagion 
occurred, ϐind the speed with which the pandemic developed, 
validate the estimated data; along with other global 
public health indicators; they constitute a true problem of 
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prevention, which surely serve as reference data to face other 
similar global health problems. The transmission of COVID-19 
increases in the presence of cold air and low humidity [1] 
noting that droplets of saliva expelled by people carrying 
the virus when talking and sneezing can spread the disease 
by becoming airborne [2]. It has been found that, in open 
environments, atmospheric turbulence can make it easier for 
them to stay suspended for longer and be transported over 
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greater distances [3,4]. On March 6, 2020, the ϐirst conϐirmed 
case of coronavirus was reported in Peru; and since then, the 
progress of the pandemic has been evaluated by the Ministry 
of Health (MINSA) and reported to the public [5]. This virus is 
now known as severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) and the disease it causes is called COVID-19; 
in March 2020 the World Health Organization (WHO) declared 
this outbreak of COVID-19 a pandemic [6].

Zhou [7] mentions that the seventh HCoV to be discovered is 
SARS-CoV-2, the cause of an outbreak, called COVID-19, which 
is currently spreading throughout the world, which started 
in Wuhan, a city of more than eleven million inhabitants, in 
Hubei province, in central China. The incubation period in 
95% of the cases was reported to be less than fourteen days, 
which supports a fourteen-day quarantine period [7,8].

The presence of many undiagnosed mild infections limits 
efforts to control and continue the spread of this virus and 
convinced that the rapidity of the spread is high compared to 
the 2003 SARS-CoV outbreak, suggesting that SARS-CoV-2 is 
much more transmissible than SARS-CoV [9,10].

It is currently accepted that contagion among asymptomatic 
subjects has been the main cause of the enormous extension 
and spread of the SARS-CoV-2 pandemic [11,12]. Experimental 
studies have shown that the virus can persist viable for at least 
three hours in aerosols, twenty-four hours on cardboard, and 
up to seventy-two hours on plastic or stainless-steel surfaces; 
detected in the gastrointestinal tract, feces, saliva, and urine, 
potential transmission routes that need to be evaluated soon 
[13]. The most frequent symptoms at the time of the entry 
of the virus in all cases are fever, asthenia, and cough and, in 
the Wang & Cowled [14] series, fever was the most common 
symptom, while in Guan, et al. [15] noted that only 43.8% of the 
patients had fever at the time of admission, although the vast 
majority developed it during their hospital stay. Additionally, 
Yang, et al. [16] refer to the fact that 11% of critically ill 
patients did not present fever at the onset of symptoms and 
the radiological pattern was alveolar inϐiltrate. The greatest 
experience with COVID-19 comes from the outbreak in 
China and in this context, 80% of conϐirmed cases had mild 
to moderate symptoms (including cases of mild pneumonia), 
13.8% had a severe clinical course (dyspnea, tachypnea ≥ 30/
min, saturation O2 ≤ 93%, PaO2 /FiO2 ≤ 300, and pulmonary 
inϐiltrates ≥ 50 % of the radiological ϐields in 24% - 48%) and 
6.1% presented a critical course (respiratory failure, septic 
shock and/or multiple organ failure), concluding that in this 
situation the percentage of asymptomatic people could not be 
determined [17].

Possible risk factors were considered: age, sex, the smoker 
at the time of infection, chronic obstructive pulmonary 
disease, coronary disease, diabetes, arterial hypertension, 
carcinoma, chronic kidney disease, and other comorbidities; 
In addition, in the univariate study, the variables were 

signiϐicantly associated with higher mortality: age, coronary 
disease, diabetes, and hypertension [17]. There are other 
ways to model atypical COVID-19 phenomena such as System 
Dynamics Modeling (SDM), Agent-Based Modeling (ABM), 
and Discrete Event Simulation (DES), and their hybrids in 
COVID-19 research, which identify theoretical and application 
innovations in public health [18]. The basic reproduction 
number of the model using the new generation matrix method, 
the local and global stability analysis is carried out for both the 
disease-free and endemic equilibrium states; where the model 
is validated with real data of cumulative COVID-19 cases in 
the Republic of India between January 1 and April 30, 2022 
[19,20]. Arora, et al. mention that the Long- and Short-Term 
Memory (LSTM) model has a minimum error in predicting 
daily and weekly cases, observing that the proposed method 
offers great precision in short-term prediction. Other ways of 
processing statistical data are through the Internet of Things 
(IoT) ϐields, with great potential for application in the health 
sector, where, based on the monitoring of physiological 
variables of interest, the identiϐication and early diagnosis of 
diseases is possible. diseases with silent symptoms from home 
[21]. Studies have been carried out to forecast, in the long term, 
the cumulative number of conϐirmed cases and deaths from 
COVID-19 per million inhabitants from the ϐirst conϐirmed 
case to day 350 in each South American country, using the 
logistic growth model with three parameters observing that 
the parameters of the logistic models in each country were 
signiϐicant, representing their projections and presenting the 
real values   on the projected logistic curve in each country 
[22]. Available evidence suggests that medical comorbidities 
such as obesity, diabetes, and old age are risk factors for 
COVID-19 [23,24]. The most updated epidemiological data of 
COVID-19 before June 16, 2020, should be integrated into the 
logistic model to adjust the epidemic trend boundary [25,26]. 
Vargas, et al. [27] maintain that COVID-19 has caused a severe 
pandemic worldwide, causing great panic and universal alarm 
and deaths; generating a collapse of the health system in many 
countries around the world. In mid-2022, an outbreak of 
COVID-19 occurred in several countries outside of European 
regions, where these outbreaks usually occur like monkeypox 
[28]. Monkeypox is a different disease than COVID-19 but can 
be modeled logistically, like the COVID-19 disease [29,30]. 
The identiϐication of COVID-19, practically, was discovered by 
the massiϐication of cases in a short time and quickly spread to 
several countries in the world, causing deaths in three weeks 
[31,32].

The evolution of contagion throughout the world, by 
COVID-19, until November 5, 2022, in determining the highest 
mortality, statistical mathematical modeling, critical time 
(days), the speed with which contagion developed, validation 
of predictive data; along with other global public health 
indicators; they constitute a real problem of prevention, 
which surely serve as reference data to face other similar 
public health problems.
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A logistic mathematical model is a tool that helps us to 
analyze and predict the problems produced by diseases 
and whose objective is to describe, explain, and estimate 
epidemiological phenomena in deϐined geographical areas, 
to understand the dynamics of dispersion and in this case of 
mortality due to the disease in various settings; needing to 
model, using the necessary tools [33].

Marín -Machuca, et al. [34] mention that the modeling 
for COVID-19 was based on determining the relationship 
between the variation in the number of infections reported 
(dN) and the variation of the elapsed time (dt), called the 
speed with which the reported infections occurred in China, 
with the purpose of ϐinding a relationship that adequately 
estimates the infections by COVI-19, the predictive logistic 
model was obtained. Manrique-Abril, et al. [35] and [36] 
mention that mathematical modeling cases that have the 
form 
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 is induced to evaluate the values of 

the constant of proportionality (k) or rate of change of the 
contagious phenomenon. The importance of logistic models 
is that estimates and aspects of mathematical analysis such 
as derivation, integration, and even optimization of bivariate 
transfer functions are carried out. Other important topics are 
modeling logical processes, formulating, and choosing the 
appropriate logistic model, obtaining valuable conclusions, 
and making future estimates on different real-world cases. 
The innovations of the logistic model lie in that it allows us to 
estimate and highlight the number, rhythm, and acceleration 
of deaths from the COVID-19 disease worldwide.

The lack of applying the statistical, mathematical, logistical, 
and validation knowledge of parameters and variation factors 
to relate, estimate or predict, correlate, and specify data 
of elapsed time (dates of phenomena events); leads to an 
imminent scientiϐic vacuum.

The objectives of the present study were to analyze the 
behavior of the SARS-CoV-2 pandemic, which caused the 
COVID-19 disease, compare the representations between 
infected people and people estimated to be infected, estimate 
the critical time (days) for the maximum speed estimate 
of infections and statistically validate the reliability of the 
models.

Material and methods
Statistical data

The COVID-19 data were taken from the National Death 
Information System (SINADEF) [37] and the accumulated 
cases of infected people in Peru based on the time elapsed 
(days) are presented in Table 1. Determining the behavior of 
the statistical data on the number of people who died from 
COVID-19 worldwide, the methodology and procedure were 
applied.

The methodology used was based on the speciϐic growth 
constant (k), where the conditions of the process will exercise 
restrictions on the number of infections with COVID-19 
worldwide, bearing in mind that the constant k will decrease 
as the infections increase. They increase because the k of 
infections (grows or decreases) only depends on the number of 
people and not on time-dependent mechanisms, such as non-
seasonal phenomena; arriving to determine a logistic equation 
whose solution is a logistic function. Bearing in mind that a 
mathematical model is a mathematical description, through 
an equation, of a real-world phenomenon, such as the number 
of infections with COVID-19 worldwide; whose purpose is 
to understand contagions and make predictions regarding 
future behavior. The stages covered were: 1) the problem of 
modeling the number of infections as a function of time, 2) 
formulating and choosing, through the dispersion of the data, 
the logistic model, 3) determining the model, analyzing it and 
drawing mathematical conclusions, and 4) make predictions 
about the number of infections by COVID-19 worldwide. 
Bearing in mind that a mathematical model is never a fully 
accurate representation, that it is only an idealization, that it 
simpliϐies the number of COVID-19 infections worldwide, and 

Table 1: Statistical data on the number of people infected by COVID-19 worldwide, 
based on the time elapsed (days).

Date Time, t (days) N (accumulated cases)
22/01/2020 0 555
29/02/2020 22 6167
07/04/2020 76 1399055
15/05/2020 114 4548277
22/06/2020 152 9071294
30/07/2020 190 17302946
06/09/2020 228 27145595
14/10/2020 266 38543448
21/11/2020 304 58268894
29/12/2020 342 81951541
05/02/2021 380 105392577
15/03/2021 418 120218060
22/04/2021 456 144742651
30/05/2021 494 170348523
07/07/2021 532 185075852
14/08/2021 570 206807509
21/09/2021 608 229535001
29/10/2021 646 246025709
06/12/2021 684 266468058
13/01/2022 722 320038386
20/02/2022 760 424508594
30/03/2022 798 486561386
07/05/2022 836 517097886
14/06/2022 874 536638333
22/07/2022 912 569010828
29/08/2022 950 601172684
06/10/2022 988 620393182
03/11/2022 1016 631708456
05/12/2022 1048 645718635
13/01/2023 1087 666463476
22/02/2023 1127 674458488
29/03/2023 1164 678455994

Source: State of Health [40].
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that it is accurate enough to promote valuable conclusions 
and relevant discussions.

Procedure 

Having determined the behavior of the number of people 
infected by COVID-19 worldwide, it has been determined 
that the model describes a logistic dispersion of the type 
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M
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… (1) where ″M″ is the maximum number 

of infected, ″Q″ a pre-exponential amount, ″k″ constant of 
proportionality, ″t″ is the elapsed time (days) and ″N″ the 
number of people infected. 

The procedure was developed following the steps:

1. To determine the predictive mathematical model of 
people infected by COVID-19 worldwide, we have 
based ourselves on the Empirical Modeling theory of 
Bronshtein & Semendiaev [38].

2.  The way to calculate the maximum probable value (M) 
is by considering three independent random values 
and their corresponding dependent values from the 
database and derived by the formula:  (2)

3.   The ϐirst value (A) is the value of the dependent variable, 
which corresponds to the independent variable (t1); 
being this value at the instant that the behavior presents 
a turning point (value very close to half of the last data 
of the dependent variable), the second value (B) will be 
the value of the dependent variable that corresponds 
to the last date of the independent variable (t2) y el 
tercer valor (I), is the value of the dependent variable 
that corresponds to the semi-sum of the independent 
variables t1 and t2; named: t3 = t1 + t2/2 .

4. The value M is replaced with the logistic model.

5. The logistic model is mathematically linearized, to which 
the method of least squares is applied. (MMC), takes 

the form:  1  ;
M

lnln lnQ k t
N

   
 
 
 

 what is a linear 

equation: y = A + Cx; where  1  ,
M

y lnln
N

 
 
 
 

 x = t y A 
= lnQ. 

6. The linear regression statistical process can be 
performed on a computer or scientiϐic calculator, 

entering the ordered pairs (x, y) i the form:  - 1M
N

  
  
  

. 

7. Having introduced all the ordered pairs, we look up the 
values of lnQ y k. 

8. The value of k is the value of the slope of the linear 
equation; that is, the value of ″C″ from the linear 
equation: y = A + Cx; the value of A is lnB and therefore 
Q = eA, and from the same regression analysis, we 

evaluated the correlation coefϐicient, Pearson's r; 
thus, determining the logistic model. To estimate the 
rate of infection (persons infected/day) by COVID-19 
worldwide, the logistic model is derived, a relationship 

that takes the form 2(1 )

k tdN M Q k e
k tdt Q e

   
   

 
 
 

 (3); 

estimating the inf  ected people

day
, by COVID-19, worldwide

9.   To determine the critical time (tc) for which the number 
of people infected by COVID-19 worldwide will be the 
maximum value, expression (3) is derived, equaled to 
zero, obtaining.

10. The expression n 
1 1

( )t lnc
k Q

    (4); determining the 

critical time by which the maximum number of people 
infected by COVID-19 has occurred worldwide.

As of March 29, 2023, around 678 million cases of 
coronavirus infection (SARS-CoV-2) have been registered in 
the world, causing the disease COVID-19, which originated 
in the city of Wuhan (China), extending to all countries of the 
world. The accumulated cases of infected people worldwide 
based on the time elapsed (days) are presented in Table 1. 

The research has not differentiated whether the COVID-19 
disease worldwide was spread by air or by contact and 
therefore there is a single coefϐicient for the model, whose 
margin of error is 0.12 or 12%; calculated by linearized 
logistic regression analysis.

Statistical treatment: Hernández, et al. [39], mention that 
the statistical treatment of correlated bivariate data implies 
determining the validity of the mathematical models through 
the correlation and determination coefϐicients, validated by 
the signiϐicance test of the Pearson r correlation coefϐicient, 
which one wants to know if the value of r represents a real 
relationship between the two variables. The standard error of 
r is evaluated by,

| |
 2

21

r
t Ncal

r
  


  (5)

The Student's t (tcal)t will be compared with the t of 
table (tcal) to conclude the relationship between the elapsed 
time, t (days), and the number of infections N (people), the 
degree of difference and the estimation of the model and 
the interpretation of the correlation coefϐicients (r) and 
determination (r2) of the predictive logistic models.

Results 

The results were obtained in accordance with the 
procedure, including the calculation of the parameters prior 
to the mathematical model, the logistic regression analysis 
to determine the parameters of the mathematical model, and 
the ordinary derivation to determine the model to estimate 
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the speed of people infected by COVID-19 worldwide. The 
logistic model was compared with other models, such as the 
Gompertz model, the graphic differentiation model, and the 
SIR model; among others, deciding to apply logistics because 
it is factual. The limitations of the logistic model are based on 
the speciϐic growth constant (k), where the conditions of the 
process will exert restrictions on the number of COVID-19 
infections worldwide, keeping in mind that the constant k will 
decrease as the infections increase and assuming that the k 
of infections (increases or decreases) only depends on the 
number of people and not on time-dependent mechanisms, 
such as non-seasonal phenomena and others. Considering that 
a mathematical model is a mathematical description of the 
number of COVID-19 infections worldwide; whose purpose is 
to understand contagions, make predictions regarding future 
behavior, and propose valuable conclusions and relevant 
discussions.

To determine the predictive logistic model of the number 
of cases infected by COVID-19 worldwide, we have based 
ourselves on the Empirical Modeling theory [38] on the 
number of reported cases (N), as a function of time elapsed, 
t, (days). The behavior (Figure 1) of the statistical data (Table 
1) of the number of people infected by COVID-19, has been 
considered the model of the type

 1


  

M
N k tQ e

. The 
development is as follows:

First Value: t1 = 722 days, it corresponds to A = 320038386 
people infected 

Second Value: t2 = 1164 days, it corresponds to B = 
678455994 people infected 

Third Value: 
722 1164

943 3 2
t days


  , it corresponds to I = 

595842934 people infected 

Now, we substitute in (2):

2320 038 386 678455994 595842934
 713783211  

320 038 386 678455994 2(595842934)
M people

 
 

 

The model  1


  

M
N k tQ e it can be written 

Applying the method of least squares to the expression 

713783211
 1  ;lnln Q k t   
 
 
 

 we obtain the estimation model, 

713783211
 .0,00951 1059,16165

N te
   


 (6)

With a correlation coefϐicient r = -0,88. 

Deriving equation (6), the equation for estimating the 
speed of infected people is obtained, expressed by equation 
(7),

0,00957179938, 768
.0,0098 2(1 1059,16165 )

tdN e
tdt e

 
   



   (7)

Deriving equation (4) and equating it to zero, it is possible 
to determine the critical time (tc) for which the speed of the 
estimated infected people is maximum,

1 1
( ).t lnc

k Q
    (4)

The critical time is tc = 733 days, produced on January 
24, 2022, the date on which there was the maximum rate of 
infection of 1694.7209 infected/day. The estimated number 
of people infected by COVID-19 is determined by equation (6) 
as shown in Table 2 and represented in Figure 2. The rate of 
change or speed of estimated people infected by COVID-19, 
worldwide, is determined by equation (7) and represented in 
Figure 3.

Test of signi icance of r. The Pearson correlation 
coefϐicient for the time elapsed t, (days) and the number of 
people infected (N), worldwide, by COVID-19, based on thirty-
one cases, was r = -0.87764. This value of r represents a real 
relationship between the two variables; in which the standard 
error of r was calculated by expression (1).

0, 87764
32 2 10, 03  1, 71(30;0,95)21 ( 0, 87764)

y


    
 

t tcal tab

Interpretation: Since tcal = 10,03 is greater than ttab = 1,71; 
it is concluded that the relationship between time, t (days), 
and the number of infections N (people) is real; therefore, 
there is a non-signiϐicant difference and that the model 
obtained (equation 2) has a high estimate of the correlated 
data. In addition, there is a "very strong correlation" between 

 
713783211

 
1 


 

N k tQ e

Figure 1: The behavior of the number of people infected by COVID-19 worldwide, 
depending on the time elapsed (days).
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the time elapsed (t) and the number of infected people (N), 
while the coefϐicient of determination (r2 × 100) indica que el 
77,03% of the variance in N is explained by t; for COVID-19 
disease, worldwide.

Discussion
The predictive logistic model (equation 6) to estimate the 

number of people infected by COVID-19 worldwide turned 
out to be quite acceptable, reaching a Pearson correlation 
coefϐicient of r = -0.88, coinciding with what was reported by 
Florencio [33]. The predictive logistic speed model (equation 

7) predicts that the maximum number of people infected 
(people/day) by COVID-19 worldwide is 1694.7209 (people/
day), whose scheduled date was January 24, 2022, coinciding 
with what was reported by Manrique-Abril, et al. [35] and 
Marín-Machuca, et al. [34]. In the predictive logistic model 
(equation 6), the proportionality constant and the correlation 
and determination coefϐicients are of great importance 
for analyzing and estimating data on epidemiological and 
pandemic phenomena; coinciding with what was mentioned 
by Hernández, et al. [39]. The critical time (tc), for infections 
worldwide, was adequately determined, a value established 
within what was theoretically reviewed and whose results are 
satisfactory in terms of forms, estimates, and quantities, like 
what was reported by Marín-Machuca, et al. [36].

Conclusion
The theory of Bronshtein & Semendiaev can be applied 

without difϐiculty if it is considered at what time the 
processes or phenomena manifest a behavior that will not 
always ascend or will not always descend. Logistic models 
can be applied as rigorously as possible to the pandemic 
and epidemiological phenomena with high resolution and a 
high degree of approximation to real data. The critical time 
(tc) for infections worldwide was seven hundred and thirty-
three days, reaching its maximum estimated infection rate of 
1694.7209 people/day. Statistically, it has been concluded 
that the correlation coefϐicient of equation (6) indicates that it 
has a "powerful negative correlation" between the number of 
estimated infections and the time elapsed (days) by COVID-19; 
worldwide.

In order to have a better prediction of the logistic model, 
it is recommended that the statistical data, in terms of the 
dependent variable, should be based on more independent 
variables; the independent variable data must be equally 
spaced to apply other techniques of calculation, analysis, and 
interpretation.

Figure 2: Graphic representation of the number of people infected and the estimated 
number of people infected by COVID-19, worldwide, based on the time elapsed (days).

Figure 3: Representation of the speed of the estimated number of people infected 
(persons/day) COVID-19, worldwide, based on the elapsed time (days).

Table 2: Numbers of persons infected, estimated numbers of persons infected, and 
speed of deaths estimated by COVID-19, globally, as a function of elapsed time (days).

Time, t (days) N (accumulated cases) 
N  / /


dN dt people day

0 555 673278 6.3882
38 6 167 965598 9.1580
76 1 399 055 2384591 13.1241

114 4 548 277 1984886 18.7983
152 9 071 294 2844404 26.9060
190 17 302 946 4073988 38.4703
228 27 145 595 5830740 54.9229
266 38 543 448 8336128 78.2446
304 58 268 894 11899949 111.1312
342 81 951 541 16950749 157.1604
380 105 392 577 24071783 220.9029
418 120 218 060 34038244 307.8500
456 144 742 651 47844879 423.9311
494 170 348 523 66702235 574.2815
532 185 075 852 91965540 760.8762
570 206 807 509 124949622 978.9339
608 229 535 001 166594250 1212.8949
646 246 025 709 217003535 1434.3544
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The maximum estimated number of possible infections 
was 713783211 people, which at the time of calculation 
turned out to be a horizontal asymptote. From the signiϐicance 
test of Person's r correlation coefϐicient, it is concluded that 
the relationship between time and the number of infections 
is real; Therefore, there is a non-signiϐicant difference, that 
the model obtained has a high estimate of the correlated data, 
there being a “very strong correlation” between the time 
elapsed (t) and the number of infected people (N), while the 
coefϐicient determination (r2×100) indicates that 77.03% of 
the variance in N is explained by t; for the COVID-19 disease, 
worldwide. 
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