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Abstract 

COVID-19 disease is caused by a SARS-CoV-2 virus infection. Different countries 

have implemented interventions with mitigation strategies to manage the pandemic. 

In Puerto Rico, several executive orders and different resources have been 

implemented to contact trace and cut transmission chains of the virus while using 

non-pharmaceutical intervention. The proposed mathematical model is aimed to 

model the disease dynamics and analyze the mitigation strategies used to stop the 

spread of the virus locally. When incorporating vaccinations, the epidemic curve 

decreased as well as the effective reproductive number.  
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Resumen 

El COVID-19 es una enfermedad causada por el virus SARS-CoV-2, declarada 

pandemia. Alrededor del mundo, se han implementado diferentes alternativas para 

mitigar los efectos de la pandemia. En Puerto Rico, se han incorporado órdenes 

ejecutivas, realizado rastreo de casos e incluido simultáneamente intervenciones no 

farmacológicas para el control y manejo de los casos. Este estudio propone un 

modelo epidemiológico para estudiar la dinámica poblacional y estudiar las 

estrategias de mitigación implementadas. Resultados preliminares nos indican que 

al aplicar medidas menos restrictivas ocasiona un aumento en casos. Tras incorporar 
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las vacunas, la curva epidémica disminuyó junto con el número de reproducción 

efectivo.  

 

Palabras claves: COVID-19, modelos epidemiológicos, mitigación, intervenciones, 

vacunas 

 

 

Introduction  

 

COVID-19 is an acute respiratory disease caused by the SARS-CoV-2 virus (Wang, 

et al., 2020). The virus has spread worldwide without discriminating by gender or 

age. It was declared a pandemic on March 11, 2020 (WHO, 2020a). This novel virus 

can be primarily transmitted by direct contact with an infected individual or with 

infected secretions such as saliva or respiratory droplets, expelled when an infected 

person coughs, sneezes, talks, or sings (CDC 2020a; WHO, 2020b;). Other 

transmissions methods are possible but not at the same infection rate (WHO, 2020b). 

Once exposed to the virus, to become infected, the expected incubation period is 2-

14 days (Lofti et al., 2020; Wiersigna et al., 2020;). Past the 2-14 days, this individual 

can either be symptomatic or asymptomatic (Han et al., 2020). The common 

symptoms among individuals are fever, dry cough, or fatigue (WHO, 2020c). By 

May 1, 2021, there were 152,788,245 confirmed cases and 3,205,783 deaths 

(Worldometer, 2021) worldwide; of these: 116,180 confirmed cases and 2,310 

deaths were from Puerto Rico (PDOH, 2021). As the epidemic progressed, 

treatments have become available; Remdesivir, Dexamethasone, Monoclonal 

Antibodies, and plasma transfusion are examples. The treatment given depends on 

the patient’s physical condition (Harvard Health Publishing, 2021).  

 

This study proposes an epidemiological mathematical model to study the disease 

dynamics in a susceptible population and how mitigation strategies like mask usage, 

vaccines, and social distancing, when in use, help to manage the epidemic. “Without 

proper control, diseases can lead to widespread outbreaks and be harmful to public 

health. Fortunately, there are many methods available to contain diseases” (National 

Geographic Society, 2019). Interventions are applied depending on the strategy to 

be implemented or targets deemed necessary for the disease under study (CDC, 

2020b). The possible kinds of strategies are mitigation or suppression strategies. 

 

The Imperial College COVID-19 Response team states that mitigation strategies are 

not focused on stopping a spread but rather on slowing it (2020). The objective is to 

“flatten the curve” to minimize new infections. An example of a mitigation strategy 

is social (physical) distancing. As individuals are apart, the transmission rate 
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decreases because there is no effective contact to continue the chain of transmission. 

This intervention extends the longevity of the epidemic but prevents saturation of 

the hospital systems. In the case of suppression strategies, the primary objective is 

to decrease the epidemic radically until it ends. “The challenge of this approach is 

that the Non-pharmaceutical Interventions (NPIs) need to be maintained, at least 

intermittently, for as long as the virus is circulating in the population, or until a 

vaccine becomes available” (Ferguson et al., 2020). Regardless of the type of 

strategies applied, whether it be mitigation or suppression, it is crucial to combine 

the preventive measures with the rest of the interventions, such as isolation, home 

quarantine, masks, and social distancing, to target the disease spread effectively until 

a treatment or a vaccine is available for the entire population. 

 

For example, sneezing and coughing are common symptoms of a cold; handwashing 

mitigates the germs spread. When there is no treatment available, NPIs are the first 

line of defense for the people (National Geographic Society, 2019).  With an attempt 

to contact-trace and identify possible COVID-19 outbreaks, the Puerto Rican 

government created a non-pharmaceutical, long-term intervention program called 

the Puerto Rico Municipal Case Investigation and Contact Tracking System 

Response to COVID-19 (SMICRC, for its initials in Spanish), whose primary 

objective is to cut the transmission chains by tracking Covid-19 cases.   

 

 

Background 

 

Mathematical models help scientists understand how a disease spreads in a 

susceptible population. Learning about the disease's biology, transmission, and its 

effect on the population allows determination or prediction of its dynamics (Brauer 

et al. 2020). Mathematical models have epidemiological classes that help model the 

disease based on the characteristics exhibited by the virus. Epidemiological classes 

determine the state or status where the individual is. The proposed model can be 

better understood parting from a simple SIR model presenting three initial 

epidemiological states: Susceptible, Infected, and Recovered (Blackwood et al., 

2018). Specific parameters and characteristics that identify the disease determine the 

individual's condition status (epidemiological state).   

 

Susceptible includes individuals prone to get infected when exposed to the disease. 

An Infected individual, who already has the disease, spreads the virus to other 

individuals, dies, or eventually can recover. The Recovered class corresponds to all 

the individuals seeking treatment, if available, or those who do not present further 

symptoms. There is an essential factor that determines the recovery process, which 
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is immunity to the disease. Once the individual recovers from the disease with 

permanent immunity, they will no longer be susceptible to that specific disease again 

because the individual produced antibodies to the antigen (CDC, 2020a). If the 

individual does not gain permanent immunity, they return to the Susceptible class.  

 

Methodology 

 

Figure 1 shows the proposed COVID-19 model, it consists of six epidemiological 

classes: Susceptible (Eq.1), Exposed (Eq.2), Infected (Eq.3), Asymptomatic (Eq.4), 

Hospitalized (Eq.5) and Convalescent (Eq.6) (SEIAHC Model). This model 

considers susceptible individuals (S) who can get infected after being exposed (E) 

to an infected symptomatic (I) or an infected asymptomatic (A). Once the individual 

changes to the convalescent class (C), a certain immunity is assumed. Additionally, 

hospitalized individuals (H) are prone to die from COVID-19. Resulting in six 

ordinary differential equations (ODE) that will help solve the model; Table 1 details 

each parameter.   

 

 

 

  

 

 

 

 

 

 

 

 

 

 

ODE System 

 

�̇� = − (
ε1β1𝑆𝐴

𝑁
+

ε2β2𝑆𝐼

𝑁
)           (Eq.1) 

�̇� =
ε1β1𝑆𝐴

𝑁
+

ε2β2𝑆𝐼

𝑁
− α𝐸        (Eq.2) 

𝐼̇ = κα𝐸 − σ𝐼 − φ2𝐼                (Eq.3) 

�̇� = (1 − κ)α𝐸 − φ1𝐴             (Eq.4) 
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�̇� = σ𝐼 − μ𝐻 − φ3𝐻                (Eq.5) 

�̇� = φ1𝐴 + φ2𝐼 + φ3𝐻            (Eq.6) 

N = 𝑆 + 𝐸 + 𝐼 + 𝐴 + 𝐻 + 𝐶      (Eq.7) 

FIGURE 1: COVID-19 MATHEMATICAL MODEL 

 

This mathematical model allows the study of interactions between each of the 

epidemiological states. It can adjust to specific populations such as age range, 

gender, or region.  The model incorporates an epsilon parameter, known as the 

protective rate, to represent all interventions taken. Taking no interventions would 

present a protective rate with a value of 1. Once the mathematical model incorporates 

the protective rate in the mathematical model, the mitigation strategies can be 

studied individually to test the magnitude of their effects. The value of this parameter 

will fluctuate depending on the intervention studied.  

 

Symbol Description Value Reference 

𝛼 Incubation period 2-14 days (Wiersinga, 2020) 

𝛽1 Infection rate for Asymptomatic 0.20-0.70 (CDC, 2021) 

𝛽2 Infection rate for Symptomatic 
0.20-0.70 

𝛽2 < 𝛽1 
(CDC, 2021) 

𝜀1 Protected rate of asymptomatic 25%-75% 
(Eikenberry et al.; 

Ferguson et al., 2020) 

𝜀2 Protected rate of symptomatic 25%-75% 
(Eikenberry et al.; 

Ferguson et al., 2020) 

𝜅 Probability of developing symptoms 60% (CDC, 2021) 

𝜇 Death rate 0.0723% Estimated 

𝜑1 Convalescence rate for asymptomatic 14 days (CDC, 2021) 

𝜑2 Convalescence rate for symptomatic 20 days (CDC, 2021) 

𝜑3 Convalescence rate for hospitalized 25 days (CDC, 2021) 

𝜎 Probability of being hospitalized 4 days (CDC, 2021) 

 

TABLE 1: PARAMETERS 
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To measure the COVID-19 epidemic course and transmission potential, the ODE 

system must be solved and the Basic (R0) and Effective (Re) Reproductive numbers 

calculated. The R0 is the number of secondary infections produced in an entirely 

susceptible population by an infected individual during their infectious period 

(Montesinos-López et al., 2007). If the value of R0 equals one or surpasses this value, 

the epidemic develops. Otherwise, if R0 is lower than 1, the infection does not 

become an epidemic, and it is expected to eventually die out (van den Driessche, 

2017). ODEs help determine the exact value of the R0 for the specific model and 

parameters used in the compartmental model.   

 

To compute the R0 the second-generation operator is used. Vector F is the rate of 

new infections going to the latent compartment and vector V the transfer rate of 

individuals out of the compartment that can transmit the disease. Subsequently, R0 is 

the spectral radius of the second-generation operator 𝜌(𝔉𝔙−1) also known as the 

dominant eigenvalue of the matrix 𝔉𝔙−1. Then the dominant eigenvalue of  𝔉𝔙−1 

is 𝜌(𝔉𝔙−1) which means that the basic reproductive number is: 

 

𝑅0 =  
𝜀1𝛽1𝜅𝜑1 + 𝜀2𝛽2(−𝜅 + 1)(𝜎 + 𝜑2)

𝜑1(𝜎 + 𝜑2)
 

 

The Re is the “expected number of new infections caused by an infectious individual 

in a population where some individuals may no longer be susceptible” during an 

epidemic (Gostic et al. 2020). It is given by R0 at the beginning of the epidemic per 

the fraction of the population that is susceptible at a time t:   

 

𝑅𝑒 = 𝑅0

𝑆𝑡

𝑁
 

 

Results & Discussion 

 

This section discusses the findings of the Re and the explored scenarios.  Figure 3 

shows the Re decreasing as the epidemic curve progresses; when a mitigation strategy 

is applied, the Re decreases at a faster rate due to the removal of susceptible people 

from the susceptibility pool. The probability of infection decreases, simultaneously 

decreasing the case prevalence as people continue taking precautionary measures 

like social distancing, hand washing, and mask usage. The evident mitigation 

strategy demonstrated in Figure 3 is the implementation of vaccines in mid-

December; this causes the decline in Re at a much faster rate because of the increased 
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removal of susceptible individuals. The drastic decrease between days 325 to 397 

proves the direct relationship between mitigation strategies and Re's behavior.  

 

 

 
  

FIGURE 3: PUERTO RICO COVID-19 ACTIVE CASES AND THE RE PROGRESSION 

Additional to the vaccination effects on the Re decline, mask usage is actively present 

in the mitigation strategies used alongside the novel vaccines. Recognizing the active 

use of masks is essential because these prove to be effective in decreasing the 

number of susceptible individuals and consequently decreasing the number of 

hospitalizations and deaths. Masks continuously show they are an effective and 

crucial part of controlling the COVID-19 epidemic. "Broad adoption of even 

relatively ineffective face masks may meaningfully reduce community transmission 

of COVID-19 and decrease peak hospitalizations and deaths" (Eikenberry et al., 

2020). When adoption is nearly universal (nation-wide), and compliance is high, 

there is a community-wide benefit when referring to interrupting the virus's 

transmission chains, Figure 4 demonstrates such a decrease. 
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FIGURE 4: VACCINATION EFFECTS ON THE EPIDEMIC CURVE 

It is essential to point out that the behavior of the epidemic curve will directly depend 

on human behavior and not necessarily on the closure or opening of places. The 

individual's aleatory behavior cannot be measured; therefore, the model does not 

consider it. 

 

 

Conclusion 

 

Mathematical models are tools that help understand the biology of a disease and its 

transmission throughout a population. It is important to notice that the Re decreases 

by taking precautionary and protective measures, minimizing the epidemic. 

Mitigation strategies such as social distancing and mask usage prevent new 

infections and maintain a manageable prevalence, preventing a collapse in the 

healthcare system. The correct implementation of these measures will lead to the 

controlling and possible eradication of the virus. Reinforcing non-pharmaceutical 

interventions, social-distancing, and mask usage until 75% or more of the population 

is fully vaccinated is entirely necessary at this time. The Puerto Rican Government 

has implemented both suppression and mitigation strategies in response to COVID-

19 (PDOH, 2020a). As the COVID-19 epidemic continues is aimed to study more 

mitigation strategies and incorporate them on the model and run simulations to see 

the effect on the epidemic curve. Resulting in health public policy development to 

safeguard citizen lives. 
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