Enfoque UTE

ISSN: 1390-6542
enfoque@ute.edu.ec

Universidad Tecnoldgica Equinoccial
Ecuador

Mora Murillo, Moisés Filiberto; Mora Murillo, Walter Alfredo; Pandey, Digvijay

Efficient Prediction and Analysis of the possible evolution of the SARS-CoV-2 in
COVID-19 applying the SEIR model in Santo Domingo de los Tsachilas, Ecuador

Enfoque UTE, vol. 11, no. 4, 2020, October-, pp. 101-115
Universidad Tecnoldgica Equinoccial
Ecuador

DOI: https://doi.org/10.29019/enfoqueute.v11n4.678

Available in: https://www.redalyc.org/articulo.oa?id=572264291011

How to cite %reﬁa\ycv %”g

Complete issue Scientific Information System Redalyc

More information about this article Network of Scientific Journals from Latin America and the Caribbean, Spain and

Journal's webpage in redalyc.org Portugal

Project academic non-profit, developed under the open access initiative


https://www.redalyc.org/comocitar.oa?id=572264291011
https://www.redalyc.org/fasciculo.oa?id=5722&numero=64291
https://www.redalyc.org/articulo.oa?id=572264291011
https://www.redalyc.org/revista.oa?id=5722
https://www.redalyc.org
https://www.redalyc.org/revista.oa?id=5722
https://www.redalyc.org/articulo.oa?id=572264291011

Enfoque UTE, V.11-N.4, 0ct.2020, pp. 101-115 Recibido (Received): 2020/07/16

http://ingenieria.ute.edu.ec/enfoqueute/ Aceptado (Accepted): 2020/09/14
e-ISSN: 1390-6542 Publicado (Published): 2020/10/01
DQI: 10.29019/enfoqueutev11n4.678 CCBYEC3.0

Efficient Prediction and Analysis of the possible evolution
of the SARS-CoV-2 in COVID-19 applying the SEIR model
in Santo Domingo de los Tsachilas, Ecuador

(Prediccion y analisis eficiente de la posible evolucion
del SARS-CoV-2 en COVID-19, aplicando el modelo SEIR
en Santo Domingo de los Tsachilas, Ecuador)

Moisés Filiberto Mora Murillo', Walter Alfredo Mora Murillo?, Digvijay Pandey?

Abstract

In Ecuador, in the Santo Domingo de los Tsdchilas province, a Special Operations Committee (SOC) was created to
take containment measures against severe acute respiratory syndrome coronavirus 2 (SARS-COV-2). This research
deals with an analysis of the possible spread of the SARS-COV-2 virus causing the infectious disease caused by
new caronavirus (2019-nCaoV) using the Susceptible, Exposed, Infected and Recovered (SEIR) model as a prediction
method according to the rigor of the containment measures evaluated. with the acceptability of people through a
survey (95 %, Cl) in which three parameters () severity of containment measures, (k) social impact of the pandemic
and (B) transmission rate, are determined, which we then used as B (t) with initial value of B = 1. All this considering
the rapid proliferation of the virus in the province and having an average of .= 3.23 (95 % CI: 3 - 4) and for k = 4.10 (95
% CI: 4- 5) that the authorities will use to mitigate the spread of the virus, as well as future outbreaks of the disease.
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Resumen

En Ecuador, en la provincia de Santo Domingo de los Tsachilas, se creé un Comité de Operaciones Especiales (SOC),
para tomar medidas de contencion contra el coronavirus 2, del sindrome respiratorio agudo severo (SARS-COV-2).
Estainvestigacion aborda un analisis de la posible propagacion del virus SARS-COV-2, que causa la enfermedad infec-
ciosa, provocada por el nuevo coronavirus (2019-nCoV). Para ello se utiliza el modelo Susceptible, Exposed, Infected
and Recovered (SEIR), coma métado de prediccion, de acuerdo con el rigor de las medidas de contencion evaluadas
y con la aceptacion de las personas, a través de una encuesta (95 %, IC), en la caul se determinan tres parametros:
(o) gravedad de las medidas de contencion, (k) impacto social de la pandemia, y (B), tasa de transmision, que luego
usamos caomo B (t) con valor inicial de B = 1. Todo esto, al considerar la rapida proliferacion del virus en la provincia y
que tiene un promedio de a. = 3.23 (IC 95 %: 3 - 4), y para k = 4.10 (IC 95 %: 4 - 5), que las autaridades utilizaran para
mitigar la propagacion del virus, asi como futuros brotes de la enfermedad.

Palabras clave
SARS-CoV-2; Corona virus; Modelacion; Simulacion; transmisibilidad.

1. Introduction

New corona -viruses appear to emerge periadically in humans, mainly due to the high prevalence
and wide distribution of corana-viruses, the large genetic diversity and frequent recombination of
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their genomes, and the increase of human-animalinterface activities (Zhu, 2019). “In late Decem-
ber 2019, a number of local health authorities reported clusters of patients with pneumonia of
unknown cause, which were epidemiological linked to a seafood market in Wuhan, Hubei Province,
China”. (Zhu, 2019). In the province of Santo Domingo de los Tsachilas the first positive case of
SARS-COV-2 was registered in a person wha resides in the city of Santo Domingo, but works in the
city of Manta. “In Santo Domingo the number of positive cases increased exponentially” accor-
ding (SNGR, 2020). The provincial, cantonal and parish Special Operations Committees (SOC) took
measures such as completely suspending the mobilization of urban and inter-provincial buses,
taxis and curfews for intervals of time to minimize the dynamics of people.

Santo Domingo de los Tsachilas is a pravince with 368 013 inhabitants according to (INEC,
2010), at present (10 years later) it is estimated to have a population of 500 000 inhabitants ac-
cording to a survey carried out by the same institution. It is one of the most transient provinces
of the country, because it is one of the main passages from the coast to the mountains, it also
hosts a diverse population as there are people who have come from all over Ecuador.

In view of the imminent arrival of the 2019-nCaoV disease pandemic, the authorities of the
province and the country have taken several strategies to stop the spread of the virus in the
population. The preventive measures taken by (GadStoDgo, 2020) the Minister of Government
and Minister of Education are:

» Restriction for passengers who during the 14 days have been in Hubei and Wuhan in
China, Italy, the Kingdom of Spain, France, the Islamic Republic and Iran.

» Mass events are suspended and public events of more than 1000 people.

« Thebanisalsao for night-time entertainment establishments because they are closed places.

» Lifetime Brigades are suspended, except for medical brigades throughout the country.

» 2019-nCoV testing will be authorized to qualified laboratories in other cities.

e Alert platform for possible cases of Corona-virus.

» Thereare 22 hospitals throughout the country to attend to cases, of which Tisin Santo
Domingo.

« Classes will be suspended throughout the country.

» Curfew isin place at intervals throughout the country.

The purpose is to model and try to extract the significantly important aspects of this real
situation, to translate them into expressions and differential equations of models used for pre-
vious pandemics. First, the most common mathematical model (SIR) for this type of pandemic
willbe implemented, and later others with particular adaptations to the 2019-nCaoV corona-virus
epidemic, such as the one called (SEIR), to which changing parameters are incorporated in order
to simulate the measures taken by the national government that influence the entire country,
as in Santo Domingo de los Tsachilas. Consider that we are not trying to make a real prediction
with concrete numbers, in which we would need more technical data to try to approach reality
with less margin of error, but rather to show the influence of the measures taken by the autho-
rities on the development of the epidemic.

1.2. Theoretical background

A new human corona-virus, now termed 2019-nCoV, emerged during December 2019 in the Chi-
nese city of Wuhan. As of 1900 GMT 24th January 2020, aver 900 cases have been reported in
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China (with 26 deaths), and cases have been detected in at least 9 regions or countries outside
mainland China. Initial phylogeny analysis suggests that the new virus is similar to the SARS
corona-virus when compared with other corona-viruses known to infect humans (Imai, 2020).

This led several groups of Chinese scientists to identify a new type of corona-virus. The
high spread of the infection accelerated studies in Wuhan City and Hubei Province, China, con-
sidered the epicenter of the outbreak.

On January 30, 2020, the World Health Organization named the new virus SARS-CoV-2, called
the type of pneumania that produces the virus 2019-nCaV, and declared a global medical emergency.

Corona-viruses are a type of single-stranded RNA virus, which affect animals and humans,
causing respiratory, liver, gastrointestinal and even neurological diseases. This type of CaVs is
divided into four classes: alpha-carona virus, beta-corona virus, gamma-corona virus and delta-
carona virus. Currently, 6 types of human corona viruses have been identified, including SARS-
CoV and MERSCoaV, responsible for respiratory disease pandemics reported in 2003 and 2012,
respectively (Li R, 2020).

Several factors seem ta influence whether caorona viruses are related to humans, “inclu-
ding the prevalence, wide geographical distribution of these viruses and increased interactions
between humans and animals, especially wildlife” according to (Castro, 2020).

SARS-CoV-2 has a zoonatic origin (not yet identified), it is a positive single-stranded RNA
beta-coronated virus, as are SARS-CoV and MERS-CoV.

The number of people an infected person can infect is known as Re (effective reproduc-
tion number). According to (Li R, 2020) "the effective reproduction number Re is estimated to
be 2.38 (95% ClI: 2.04 - 2.77), which shows a high capacity of the virus to sustain transmission
over time". Rulers should look for mechanisms to reduce it to numbers below 1, considering that
the pandemic is under control.

1.3. SARS-CoV-2 infection

A person can get COVID-19 from contact with anather person who is infected with the virus. The
disease can spread from person to person through droplets from the nose or mouth that are
released when aninfected persaon coughs, sneezes, or breathes out. These droplets land on sur-
faces and objects around the person, causing other people to come into contact with the virus
by touching these surfaces or objects, and can contract VID-19 if they touch their face, allowing
the virus to enter the body through the nose, mouth, and eyes. There is also a risk of infection if
droplets released by sick people are inhaled. This has led to the three main recommendations:
keep at least one meter between people, wash your hands frequently and avoid touching your
face with unwashed and/or disinfected hands (OMS, 2020).

1.4. Incubation time

The manifestation of the first symptoms is around 5 days, average incubation time according to
several cantributions. “A study on a sample of 180 confirmed patients establishes that the me-
dian incubation period was estimated at 5.1 days (95% Cl, 4.5 to 5.8 days). Furthermore, it was
concluded that 97.5 % of the patients developed symptoms in 11.5 days (IQ, 8.2 to 15.6 days)
of infection” according to (Lauer, 2020). In this publication they conclude that after 14 days
of active monitoring or quarantine 101 out of 10,000 cases (99th percentile, 482) will develop
symptoms. (Wu, 2020) Similar estimates are given in.
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In recent publications, the mean incubation period of CoVID- 19 was a little bit different,
"with 138 cases, reported that the median durations from first symptoms to dyspnea, hospital
admission, and acute severe respiratory syndrome (ARDS) were 5 days (range, 1-10), 7 days
(range, 4-8), and 8 days (range, 6-12)" respectively (Wang, 2020).

Instead “with 425 confirmed cases, instructed that the mean incubation period was 5.2
days (95% confidence interval [Cl], 4.1-7.0), with the 95th percentile of the distribution at 12.5
days. In its early stages, the epidemic doubled in size every 7.4 days. With a mean serial inter-
val of 7.5 days (95% Cl, 5.3-19), the basic reproductive number was estimated to be 2.2 (95%
Cl, 1.4-3.9)" (Lin, 2020). While (Guan, 2019), "with 1099 patients, reported that the estimated
mean incubation period of SARS-CoV-2 infection was 3.0 days (range, 0-24.0), which was shor-
ter than in the two research reports above (3.0 days vs 5 days and 5.2 days).

1.5. Symptoms

Symptom of CoVID-19 are non-specific and the disease presentation can range from no symptoms
(asymptomatic) to severe pneumonia and death. A study of 41 patients (Huang, 2020) “who were
initially diagnosed with the outbreak (the diagnosis date was up to 2 January) found that the most
common symptoms were fever (98%), cough (76%), myalgia or fatigue (44%); and atypical symp-
toms included sputum (28%), headache (8%), hemoptysis (5%) and diarrhea (3%)".

Also (Huang, 2020) “found that the most common symptoms were fever (87.9%), cough
(67.7%), diarrhea (3.7%) and vomiting (5.0%). 25.2% of the patients had at least one underlying
disease (such as hypertension, chronic obstructive pulmonary disease).”

2. Methodology

As a research methodology, the collection of information was through surveys with a 95% con-
fidence sample in the province of Santo Domingo de los Tsachilas, which according to (INEC,
2010) “estimates a population of 500 000 inhabitants”. The information was obtained through
a survey; this was sent by telematic means due to the high risk of contagion of the virus. This
causes abiasin the real data because not all the interviewees work full time, some are teachers
who work from home, but all can qualify the measures adopted by the authaorities.

To determine the parameters (rigidity of the containment measures) o, (social impact of
the pandemic) k, several questions were asked to quantify on a scale of 1- 5, descriptive statistics
were applied to have the real values of the parameters in the which is evidence of extreme public
concerninrelation to the 2019-nCaoV, and disagreement with the containment measures taken by
the authorities. Section 3.1 provides an example of the SEIR modelin which no actual data is used.

In section 3.2 for modeling and simulation in current scenarios, o = 3.22 (95 % CI: 3 - 4)
and for k = 4.10 (95 % Cl: 4 - 5) was set, for MatLab modeling, a rule of three was made Simple in
relation to the unit for o (various scenarios of containment measures) and for k a scale of 100 was
considered as proposed (Lin, 2020). Finally, B (t) is considered with the variation of measures.

2.1. Methodological example about Epidemiological Model SEIR

The main hypotheses formulated to build these models are in other pandemics such as SARS
(Li, Wang & Jin, 2006):
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» The disease that is modeled confers immunity to the people who recover.

« The total population N is constant, S(t) + E(t) + I(t) + R(t) = NV1t. This implies that births
and deaths in the period are negligible and that the disease does not It is mortal;

» The population is uniformly distributed in the considered region;

» The rate of increase of E is proportional to the number of contacts between S and |
(since the flow is unidirectional, all new exposed comes from the population suscep-
tible); and

« Theratesof decrease of S, E, and | are proportional to S, E, and |, respectively (since the
more extensive the population, the more individuals are exposed, infected, or recove-
red in each case). Likewise, the increase in R is equal to the decrease in me.

This maodel, being an extension of the SIR model, demaonstrates the importance of epide-
miological fences, since a new variable (exposure to infection) is included and therefore a new
E(t) equation. Then we denote, if an individual does not present symptoms, but can infect others
we count itin I(t), not in E(t).

The relationship of the new variable E(t) with I(t) leads to a new parameter 6, so that 1/6
is the average incubation time. So, the new class of individuals who carry the E(t) disease but
who, being in their incubation period, do not show symptoms and cannot yet infect others, for
example, people in the inner circle of people already infected or people who have had interaction
with infected people in public transport systems, etc. It's true that: S(t) + E(t) + I(t) + R(t) =N

Therefore in figure 1 we have:

Figure 1. Sequence of the functions, in relation to the parameters for the SEIR model.

S(t) A, E@) | =] 10t) |——| R(1)

In figure 2 we have the system of differential equations for the SEIR model:

Figure 2. System of ordinary differential equations of the SEIR model

An example using the SEIR method is presented in Figure 3, with population N =100 000
people, parameters B =1,y =%, 6 = 1/5 and initial values for the functions E(0)=5 ; I(0)=1;
R(0)=0.
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Figure 3. As in the SIR model, the infection rate is high with respect to exposure
and recovery rates, generating accelerated growth of the exposed population
and, subsequently, of the infected population
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An example using the SEIR method is presented in Figure 4, with population N = 500 000
people, parameters p = 0.5, y = 1/5, 6 = 1/7 and initial values for functions E(0)=10 ; 1(0)=1;
R(0)=0.

Figure 4. Graph of population with 500 000 inhahitants, reproduction
rate of Ro virus = 2.5. We would have similar results to China, with high recovery rate
and, the estimation of the peak of the curve in infected in 120 days
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An example using the SEIR method is presented in Figure 5, N = 500 000, parameters pp =
075,y=1/5,6=1/7and E(0)=10;1(0)=1; R(0)=0.
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Figure 5. Graph of population with 500 000 inhabitants, reproduction rate
of Ro virus = 3.75. We would have an exponential growth of infected people reaching
a peakin 70 days, and a low rate of recovery
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An example using the SEIR method is presented in Figure 6, N = 500 000, parameters 3 =
1,y=1/5,6=1/7and E(0)=10; 1(0)=1; R(0)=0.

Figure 6. Graph of population with 500 000 inhahitants, reproduction
rate of Ro virus = 5. it would have an exponential growth of infected people reaching
a peakin 55 days, and it would be extremely difficult to control the epidemic
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2.2. Epidemiological model for COVID-19 with government containment measures

In Ecuador, several measures have been taken since the first positive case of the epidemic,
considering that the public health system may collapse as in all affected countries. The popula-
tion has not taken sufficient precautions to try to stop the spread of the virus, even though the
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government provides for socialisolation measures such as quarantine and curfews for intervals
of time there is mobility and social dynamics. Ecuador, according to (INEC, 2020) "has an unem-
ployment rate of 3.8 %", which is why people continue to take to the streets and this becomes
a determining factor in the growth of the number of infected people who are symptomatic or
asymptomatic.

In order to describe the spread of the disease and the behavior of the virus, several stu-
dies have taken into account other types of individuals, such as those who always remain as-
ymptomatic (which may affect others) or thaose who never become infected (this seems to be
the case with children), among other parameters related to quarantine, government measures
and the periods of diagnosis.

The virus mutates according to population dynamics, which causes different measures to
be taken in different countries. At the end of 2019 in Wuhan, studies focused on local variables,
such as infection directly from contact with animals, as well as the extraordinary population
movements resulting from the Chinese festivities of the time.

As we have been saying, what is unnecessary when studying the dynamics of an epidemic is
to propose a madel (in this case SEIR) and to know the value of the parameters involved: B, y and 6.

According to (Lin, 2020), “1/y = 5 days and 1/6 = 7 days (these numbers are approximate
averages, and may vary quite a bit from person to person)”. A real challenge is to estimate B;
because you don't have the real local value of how many asymptomatic infected people may be
infecting others.

Before they adopted drastic isolation measures in China and after several studies on the
dynamics of the disease, (Wu, 2020) suggest that “the value of B could be between 0.59 and
1.68 (in units' days-1), which would give a RO between 2.95 and 8.4, in both cases quite high and
take RO =2.68".

To exemplify Figure 3 and 6, the infection rate p=1has been considered constant. Howe-
ver, this parameter can be artificially modified by applying protection and social isolation mea-
sures, which would be adjusted by whether or not the population complies with the provisions.

Several studies have carried out the variation in time of the parameter B, (Wu, 2020) po-
sed a decreasing function with respect to the time of the form

B(t) = Bo((Co-Cple™* + C) E.c.1.

with Bo as the infection rate without government measures, and the constants Co and Cb
involve social contact (resulting from isolation from the population).
Also (Lin, 2020) proposes

B©) = By ((1 —a(®) (1- %)") .
.C.Z.

considering Bo as the infection rate without measures, af(t) is the result of government
actions represented as a constant function in chunks with a value interval between [0, 1], D(t) is
the public sense of risk as a consequence of known critical cases and deaths, and k measures
the intensity of the reaction of individuals.

In Santo Domingo de los Tsachilas province, with an estimated population of 500 000, the
authorities have put in place measures to try to slow the dynamics of the virus and, as expec-
ted, the population has responded in a variety of ways. This study will estimate values for the
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parameters B, k, y, 6 and a considering the response of the province's citizens, the measures
taken by the authorities and the political-social difference between China and the West, which
can hardly be used its same parameters, but its same modelling ideas.

As an estimate for D(t), 5% is considered, since this value represents the percentage of
serious cases in the country of the total number of confirmed cases. In the value of the para-
meter k, some estimates are made with the information cited in (Lin, 2020) which suggests
that “one can take k = 1117.3" remembering that it measures the intensity of the reaction of
individuals to everything that happens with the pandemic, then considering the political-social
difference and the severity of its measures we will adopt a value of k = 100. The idea of the fac-
tor in which k is an exponent, is that when kiis high, the concernis much and, the factor tends to
0, people isolate themselves even voluntarily and B (t) is very small; but if the result of the factor
is close to 1it has little influence if the sacial concern is low.

Such that it is impossible to predict the future, we reiterate that we make estimates to
analyze how the measures affect the evolution of the epidemic in the Tsachila province; in par-
ticular, the changesin the value of a to show three scenarios, of how the epidemic would evolve
from the rigor of the measures.

According to previous pandemics, the containment measures are really effective, they do
not allow a very high peak curve and they mave it away in time, but there is also the discipline of the
population, obeying these measures would cause a positive effect in the battle against this silent
but lethal enemy. So we will adopt a value po = 1.0 and k = 100 we will proceed to vary o with three
values a = 0.35 (small measures), a = 0.5 (medium measures) and o = 0.65 (Severe measures).

An example using the SEIR method is presented in Figure 7, with population N = 500 000
people, parametersB =1,y =1/5,6=1/7, k=100 and E(0)=10; 1(0)=1; R(0)=0.

Figure 7. Graph of the behavior of susceptible people, varying the type of government
measures with o = 0.35 (small measures), o = 0.5 (medium measures) and o = 0.65 (severe measures)
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An example using the SEIR method is presented in Figure 8, with population N = 500 000
people, parametersp=1,y=1/5,60 =1/7, k=100 and E(0)=10; 1(0)=1; R(0)=0.
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Figure 8. Graph of the behavior of per-infected persons, varying the type
of government measures with a = 0.35 (small measures), a = 0.5 (medium measures)
and a = 0.65 (severe measures)
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An example using the SEIR method is presented in Figure 9, with population N = 500 000
people, parametersp=1,y=1/5,06=1/7 k=100 and E(0)=10; 1(0)=1; R(0)=0

Figure 9. Graph of the behavior of infected persons, varying the type of government
measures with o = 0.35 (small measures), o = 0.5 (medium measures) and o = 0.65 (severe measures)
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An example using the SEIR method is presented in Figure 10, with population N = 500 000
people, parametersB =1,y =1/5,0=1/7 k=100 and E(0)=10; 1(0)=1; R(0)=0.
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Figure 10. Graph of the behavior of recovered persons, varying the type
of government measures with a = 0.35 (small measures), a = 0.5 (medium measures)
and a = 0.65 (severe measures)
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3. Findings

Various scenarios were modeled considering the measures adopted by the autharities o = 0.35
(low measures), a = 0.5 (medium measures) and o = 0.65 (severe measures), the latter is the
current scenario o = 3.23 (95 % Cl: 3 - 4) that by making a simple rule of three in relation to the
unit, o = 0.646 is obtained, in which possibly after 90 days we will have 497 044 susceptible,
808 exposed (pre-infected), 456 infected and, 1692 recovered. After 180 days you will have 355
958 susceptible, 22 119 exposed (pre-infected), 15 169 infected and, 106 753 recovered. After
270 days, you will have 199 828 susceptible, 4004 exposed (pre-infected), 3348 infected and,
292 820 recovered.

But for Table 1, the SEIR model was used to estimate the number of people infected in
the province of Santo Domingo de los Tsachilas considering that government measures will
decrease over time since the country’s economy has been affected by the falling oil prices and
volatility in financial markets, which limits access to credits to cover tax debts and limits eco-
nomic recovery and people will be forced to leave their homes despite the measures taken in
time, with N = 500 000 inhabitants, parameters=1,y=1/5,6=1/7, a = 0.45, k =100 and initial
values E (0) =10; 1 (0) =1; R (0) = 0. All values were obtained using adjustment technigues with
the official information from the investigations cited above and from the National Risk Manage-
ment System.

It is expected that the measures are maintained or are more rigorous due to what is co-
ming for the country, we all need to work, but that public policies are created that do not allow
the public health systems to collapse.
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Table 1. Real cases and expected cases of infected people
with=1y=1/56=1/7 a=0.45 k=100.

Country: Ecuador; Province: Santo Domingo de los Tsachilas

Date Total estimated Total real Date Total estimated Total real
cases cases cases cases
19-mar 1.0 1 05-abr 19.5 34
20-mar 2.1 1 06-abr 217 36
21-mar 2.9 3 07-abr 24.3 43
22-mar 36 4 08-abr 271 44
23-mar 4.3 7 09-abr 30.3 46
24-mar 5.0 7 10-abr 338 51
25-mar 57 7 1-abr 377 55
26-mar 6.4 8 12-abr 421 60
27-mar 1.2 9 13-abr 47.0 65
28-mar 8.0 14 14-abr 52.5 66
29-mar 9.0 15 15-abr 58.6 67
30-mar 10.0 15 16-abr 65.5 68
31-mar 1n.2 18 17-abr 731 76
O1-abr 12.5 19 18-abr 81.6 79
02-abr 14.0 24 19-abr 91.1 81
03-abr 15.6 26 20-abr 1017 94
04-abr 17.4 31

This table shows the estimated number of infected persons and the number of actual
cases in the province of Santo Domingo de los Tsachilas from the first case confirmed.

4. Discussion and analysis

In table 2 has the mean values and the standard deviation of each variable, real and estimated
cases of infected persons, being able to natice that in the real cases of infected persons the stan-
dard deviation is slightly higher (0.26197) with respect to the estimated cases, demonstrating a
not considerable difference, guaranteeing even more the study because this value tends to (0).

Table 2. Descriptive analysis

Descriptive statistics
mean Standard deviation N
TOTAL REAL CASES 28.5909 28.09184 33
TOTAL ESTIMATED CASES 35.5758 27.82987 33

In table 3 and figure 11 considers a correlation analysis between the variables, estima-
ted infected persons and actual infected persons using SPSS, which shows a 96% correlation,
considered by (Martinez Ortega, 2009) as “a strong to perfect correlation”, which means that
as the number of cases of actual infected persons increases, the number of estimated infected
persons also increases.
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Correlaciones

TOTAL TOTAL ESTIMATED
REAL_CASES CASES
Correlacion de Pearson 1 961"
TOTAL REAL CASES Sig. (bilateral) .000
N 33 33
Correlacion de Pearson 961" 1
TOTAL ESTIMATED ) )
CASES Sig. (bilateral) .000
N 33 33

** The carrelation is significant at the 0.01 level (bilateral).

Figure 11. Correlation graph of infected people, real and estimated cases,
using a point scatter diagram
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It has been proven that if severe (effective) government measures are taken in Santo Domingo de
los Tsachilas, the behavior of the virus can be significantly contained, in turn allowing the “peak”
in the infected curve to be smoothed out, thus moving it away in time. It is foreseen with these
parameters obtained through adjustment technigues with the official information from inves-
tigations cited above and from the National Risk Management System (a = 0.65) (government
measures with severe 65 %), (B = 1) (rate of transmissibility), (y = 1/5) (rate of recovery), (6 = 1/7)
(average of virus incubation), (k = 100) (intensity of reaction of individuals to the infection and
number of deaths), to reach 15169 infected people in 180 days from first confirmed case, beingin
the peak of the curve of infected people. Also, it must be considered that the effect of the measu-
res is not immediate, it takes days to manifest itself according to the behavior of the population.

If we compare the severity values of the measures between (a = 0.45) and (a = 0. 65), we
will have less infected in the long term with a lower alpha value, this indicates that the contain-
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ment measures taken by the authorities will allow public health systems not to collapse. While if
we increase therigor of the measures, we would have more infected in the long term but we would
be able to stabilize the curve with fewer infected people, allowing health systems not to collapse.

The parameter a is obtained with some concrete dispositions taken by the local authori-
ties, in the figure 14 it is evidenced as it would be the general behavior of the number of infected
people according to the severity or effectiveness of the measures, it is impossible to know be-
farehand, we could only estimate after what has happened; but, in any way, the effect is going
to be positive, and, if in the daily evaluation of the epidemiological data it is considered not suffi-
cient for what it is tried to achieve, stricter measures can be arranged.

Table 1 shows the comparison of the real data of infected persons according to the Na-
tional Risk Management System and the data estimated from our professional perspective with
parametric data, having little dispersion and a 96% correlation. It shows what is happening at
present and what could happen in the medium and long term.

When preparing the battle against this type of pandemic, the main objective is to reduce
the effective reproduction factor of Ro disease (flatten the curve). This influences the nature of
the disease and how virulent the virus is. However, modelling and simulation reveal that there
are additional factors that can be adjusted decisively for this decrease: social isolation, early
detection and early mass diagnosis to rule out infected and better still pre-infected (epidemio-
logical fence or asymptomatic people).

Having a specific scenario of social isolation (quarantine), it is expected to attack the
spread of the virus in the population, reducing the early growth of the curves (not steep slope)
of infected, therefore also of pre infected. This in turn is achieved with a massive identification
of people confirmed with the virus, studying all people who have respiratory symptoms and not
expecting people to develop serious symptoms, also all people within the epidemiological fen-
ce, they can be peaple asymptomatic infected. With this we avoid the blind contagion caused by
asymptomatic people and, furthermare, considering that the majority of asymptomatic people
have low viral load, this may be influenced by the reduction in the number of people in the inten-
sive care units of the province and the country.

This research shows that accelerated decisions without scientific support in the face of
this new coronavirus cause a rapid collapse in the public health system, and this got out of con-
trol by the unemployment rate is high. None of the measures taken by the authorities worked,
and the police did not see them well; therefare, the number of infected increased exponentially.
The media and the Ministry of Public Health do not show it because we are close to the presi-
dential elections.
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