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We investigate the spreading of SARS-CoV-2 in the state of Alagoas, northeast of Brazil, via an

adaptive susceptible-infected-removed (SIR) model featuring dynamic recuperation and prop-

agation rates. Input parameters are de¯ned based on data made available by Alagoas Secretary
of Health from April 19, 2020 on. We provide with the evolution of the basic reproduction

number R0 and reproduce the historical series of the number of con¯rmed cases with less than

10% error. We o®er predictions, from November 16 forward, over the epidemic situation in the
near future and show that it will keep decelerating. Furthermore, the same model can be used to

study the epidemic dynamics in other countries with great easiness and accuracy.
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1. Introduction

Since the outbreak of the severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) 1–3 had reached the status of worldwide pandemic on March 11, 2020, several

countries set about to take serious measures so as to contain the spreading of the

virus and avoid the collapse of their healthcare system.

Not long after the coronavirus had been ¯rst reported in Wuhan City at the

Hubei Province of China, an exponentially fast growing of infected people was

observed, immediately suggesting the epidemic would feature a high basic repro-

duction number R0, which is the expected number of cases spawned by one infected

person in a location where all individuals are prone to infection. Such parameter is a

very important ¯gure when accessing epidemic dynamics via mathematical models.

In reality, it depends on several factors including the nature of the virus itself,

number of susceptible people, and degree of social contact. When R0 > 1, it indi-

cates exponential growth and possibly a number of con¯rmed cases of the same

order as of the population size, which is when the healthcare system situation may
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get critical. Various works has estimated the basic reproduction number R0 for

many countries 1,4–7.

The number of SARS-CoV-2 cases continues to increase worldwide, the total

number of registered cases and deaths reaching over 43 million and 1.1 million,

respectively (as of November 16) 8, with many countries facing a second wave of the

disease. According to o±cial data, Brazil holds the third position in terms of regis-

tered cases, standing behind the United States and India. On the other hand, it holds

the 6th position in both total cases and deaths per million of population, which is a

interesting fact. The virus spread in Brazil have been decelerating since August8 and

measures to put the economy back on track have been pushed nationwide. Still, those

must take the imminent risk of a second contagious wave into account9.

Recently, we have investigated the dynamics of the SARS-CoV-2 epidemic within

the Brazilian territory10 using an adaptive susceptible-infected-removed (SIR)

model11,12, which allowed us to predict epidemic evolution within 10-20 days ahead

with fair accuracy. Therein, we estimated that R0 would be approaching 1 at the end

of July. In this work, we carry out a more local investigation addressing the state of

Alagoas, northeast region of Brazil. By employing dynamic updating of the recu-

peration and propagation rates, namely � and �, we reproduce the daily evolution of

the number of con¯rmed cases up to November 16 with less than 10% error. We also

estimate the evolution of the basic reproduction number and show that the virus

spread will keep slowing down for the next 45 days.

2. Model

We use an adaptive SIR model to investigate the spreading of SARS-CoV-2 in the

state of Alagoas. The model basically comprises a set of coupled di®erential equa-

tions involving the following population variables: those susceptible to the virus (S),

infected individuals (I), and those who had an outcome (R), that including recovered

and deceased people. The equations read

dS

dt
¼ ��ðtÞIS; ð1Þ

dI

dt
¼ �ðtÞIS � �ðtÞI; ð2Þ
dR

dt
¼ �ðtÞI; ð3Þ

where � and � are, respectively, the infection and recovery rates, with the basic

reproduction number R0 � �=�. Note that � ¼ �ðtÞ and � ¼ �ðtÞ and we set the time

series to follow o±cial data provided by Alagoas Secretary of Health13. The above

equations are then solved for several f�ðtÞ; �ðtÞg and those that yield outcomes

closest to reality are kept. Throughout the simulations, we run � 2 ½0:06; 0:13� and
� 2 ½0:05; 0:6�. We mention that those ranges have been used in SARS-CoV-2 epi-

demic simulations via SIR models elsewhere.14,15
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3. Results

To warm up, let us ¯rst access the accuracy of the model by reproducing the epidemic

dynamics and the corresponding R0ðtÞ for Germany and Italy, based on available

o±cial data taken from Refs. 16, 17 from March 10 on, over 65 days, so as to estimate

�ðtÞ and �ðtÞ. Results are shown in Figs. 1(a) through 1(d). Simulation for

both countries (solid lines) are seen to be in ¯ne accordance with o±cial data

(symbols), up to 5% error. The values found for the basic reproduction number R0ðtÞ
[see Figs. 1(c) and 1(d)], corroborates with the existing literature (see, e.g.,4).

The adaptive SIR model thereby seems to account for epidemiological parameters of

(a) (c)

(b) (d)

Fig. 1. ((a),(b)) Accumulated number of con¯rmed cases from March 10 on for Germany and Italy,

respectively. O±cial data is given by circles and simulations via the adaptive SIR model are expressed by

the solid lines. ((c),(d)) Daily evolution of the basic reproduction number R0.
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SARS-CoV-2 pretty well. It is important to notice that this behavior took place in

the early stages of the pandemic, for now (as of November, 2020) both countries are

facing the so-feared second wave of contagion, as many other countries in Europe8.

Let us move on to the state of Alagoas, in Brazil. We shall set initial parameters as

Rðt ¼ 0Þ ¼ 0, Sðt ¼ 0Þ ¼ 1� Iðt ¼ 0Þ, meaning that all citizens are prone to infec-

tion, and Iðt ¼ 0Þ ¼ 160=NP , with 160 being the number of con¯rmed cases as of

(a) (b)

(c)

Fig. 2. (a) Number of con¯rmed cases (accumulated) of SARS-CoV-2 in the state of Alagoas, Brazil.

Symbols represent o±cial data and the solid line the results obtained via the SIR model. They both agree

well, with an error of less than 10%. Dotted line gives o® the prediction for the following ten days,

terminating on November 26. (b) Basic reproduction number R0ðtÞ ¼ SðtÞ�ðtÞ=�ðtÞ against time. Each
point is the outcome of a 5-day average. Estimated R0 currently approaches 0:95ð2Þ. (c) Long-term

prediction for the epidemic evolution. It suggests that the virus spread will keep decelerating and one may

expect roughly 50-80 new cases daily for the next 30 to 45 days.
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April 19 and NP ¼ 3:3� 106 the state's population size. We stress that it is fair to

bypass the number of recovered and deceased individuals (R ¼ 0) at the early stages

of the epidemic since it turns out to be negligible in respect to the total population. In

Fig. 2(a) we display the accumulated number of registered cases versus time starting

from the April 19. Once again, simulations outcomes agree well with o±cial data,

with the relative error being less than 10%. Figure 2(b) shows the evolution of

R0ðtÞ ¼ SðtÞ�ðtÞ=�ðtÞ against time and we point out that its current value approa-

ches 0:95ð2Þ, following the tendency observed for Brazil according to results reported

in Ref. 10. Using � and � values as of November 16 ��� a 5-day average from

November 11 to 16 is performed yielding � ¼ 0:08 and � ¼ 0:116 ��� we predict the

evolution of the epidemic ten days in advance [see dashed line in Fig. 2(a)]. It gives o®

about 94000 con¯rmed cases for November 26.

By following the behavior of R0 we observe that the reproduction factor has been

marginally close to 1 during the last couple of months [the average being 1.00(2)].

Based on this trend we perform numerical simulations for 45 days in advance, up to

December 30 (see Fig. 2(c)). Our calculations suggest that the number of cases will

continue to increase with slower speed. It is not possible, however, say much about

what the situation will be after that. R0 may become much less than 1, an optimistic

guess, but long-term predictions of that nature cannot be accounted by the model.

4. Conclusions and Outlook

The adaptive SIR model used in this work faithfully describes the SARS-CoV-2

epidemic evolution in the state of Alagoas, Brazil, as well as other places around the

world, according to robust, o±cial Covid-19 data available on the web8,13. This

information has also been used to perform dynamical updating of the parameters �

and �, giving o® the basic reproduction number R0ðtÞ � SðtÞ�ðtÞ=�ðtÞ. Our simu-

lations show that its current value approaches 0:95ð2Þ, what corroborates with

seemingly deceleration of the disease in Brazil.

The accumulated number of con¯rmed cases is projected to reach about 94000 cases

on November 26. In addition to make reasonable short-term predictions, the adaptive

SIR model could reproduce the historic series of the number of accumulated cases with

less than 10% error. By extrapolating the behavior of R0 45 days ahead we also found

that the number of con¯rmed cases will continue to increase, but at a slower pace.

Finally, we stress that long-term predictions for epidemic dynamics, regardless of

the model being used, should be interpreted with great caution as there are many

variables involved, such as the state of social distancing protocols, testing programs,

and so forth.
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