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Modeling and forecasting of the number of deaths

by Covid-19 in the state of Pernambuco, Brazil
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Abstract. Severe acute respiratory syndrome corona virus 2 is a highly
lethal virus that originated in Wuhan, Hubei province, and has spread rapidly
throughout China. We model and forecast the early evolution of the COVID-
19 in state Pernambuco, Brazil. Using Brazilian recent data from March 12,
2020 to June 03, 2020. We use the Poisson model to explain number of deaths
by SARS-CoV-2. The state of Pernambuco records 36,463 cases of SARS-CoV-
2 and 3,012 deaths. The Poisson model predict that the peak of the pandemic
in the state of Pernambuco will be on June 7, totaling around 40,000 infected
and approximately 3,500 deaths. Short and long terms forecasts show that the
social distancing lowest the pattern of infection of the COVID-19.
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1. Introduction

In December 2019, an outbreak of pneumonia caused by a novel corona
virus occurred in Wuhan, Hubei province, and has spread rapidly throughout
China, with an ongoing risk of a pandemic (Wang et al., 2020).

After virus identification and isolation, the pathogen for this pneumonia
was originally called 2019 novel corona virus (2019- nCoV) (Zhou et al., 2020),
but has subsequently been officially named severe acute respiratory syndrome
corona virus 2 (SARS-CoV-2) by the WHO (Zheng et al., 2020).

This first case was a Brazilian man, 61 years-old, who traveled from
February 9 to 20, 2020, to Lombardy, northern Italy, where a significant out-

break is ongoing. He arrived home on February 21, 2020, and was attended at
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the Hospital Albert Einstein in Sdo Paulo, Brazil (Morales et al., 2020). In the
Pernambuco state of Brazil, the first record of SARS-CoV-2 was in March 12
of 2020.

2. Goal

— Modeling and forecasting number of deaths from severe acute respiratory

syndrome corona virus 2 in the state of Pernambuco.

3. Method

Ministry of Health database was used from March 12, 2020 to June
03, 2020, period of occurrence of the first case of SARS-CoV-2 in the state of
Pernambuco. The number of deaths and daily cases were used as the dependent
variable and the number of days since the first SARS-CoV-2 record in the state
of Pernambuco as an independent variable. To modeling the number of deaths
and cases, the Poisson regression models was used.

Let Y1,Y5, ..., Y, independent random variables, each with a probability
density function defined as follows:

f(Yi; 055 0) = exp{¢{Yibi — b(6:)} + c(Yi, 9)} (3.1)

If Y; present the form above we call the exponential family class. It can

be shown under the usual regularity conditions

logf (¥ 0:,0) | _
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where, E(Y;) = pi = b/(6:) e Var(Y;) = ¢~V (u;), and V(u;) = 9* is the
function of variance and ¢~! > 0(¢ > 0) is the dispersion parameter.

Generalized linear models are defined by the equation (3.1), and by sys-

tematic part.

g(pi) = i
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where, 1; = X;B is the linear predictor, 8 = (81, B2, ..., Bp)/, p < n, is a vector
of unknown parameters to be estimated, X; = (X;1, X;2, ..., Xip)/ represent the
values of the explanatory variables, and ¢(.) is a monotonous and differentiable
function, called the link function.

The estimation of parameters in a generalized linear model is defined by
maximizing the log-likelihood function, which is the product logarithm of the

probability density function defined in the equation (3.1), that is,

n

n
L=> logf(Yi;ti,0) = {¢{m = b(0:)} + (Y, ¢>} (3:2)
i=1 i=1

However, the solution for this maximization of this function depends on
the use of numerical methods, with the Newton-Raphson method. Applying

the Newton-Raphson method, the parameter estimation is defined by:
At = (X W X)TLX W™ (3.3)

where, m = 0, 1, 2, --- is the iterative step, Bm“ is the estimate of the pa-
rameters in the iteration m, X is the matrix of the values of the explanatory
variables, W is the weight matrix that changes with each step of the iterative
process and z is adjusted vector of the dependent variable in the m-th iteration.

Let Y a random variable with Poisson distribution of parameter (A), de-
note Y ~ P(X) whose probability density function is expressed by the equation
3.4:

e M \Y
f(Yh)‘):T

Therefore, Poisson probability density function in the form of the expo-

(3.4)

nential family is given by the equation 3.5:
F(Yi,A) = exp{YlogA — A —logY!} (3.5)

where, A >0and Y =0,1,---.

Let Y1,Ys,...,Y,, independent random variables such that Y; ~ Y(A;.
Suppose further that g(u;) = n; with n; = X;ﬁ, X; = (Xn, ...,Xip)l a vector
with explanatory variable values and 8 = (5, ..., ﬁp), the parameters vector.
Using the link function log(u;) = n; we have to estimate the parameters (3 is
given by:

Bt = (X W X)TLX W™ (3.6)
where, m = 0,1,... is the iteration step, z = 7 + W_%V_%(y — ), n =
(M stn) s ¥ = W1yestn) s 1= (1, ptn), Vo = diag{p, .., pn} and
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(32)°
_ \dn;
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W = diag{ws, ..., w, } with w; = where, Y is dependent variable (death
number by SARS- CoV-2), X is the independent variable (number of days
since the first record of SARS-CoV-2); € is the random error following a stan-
dard normal distribution in the quadratic model and Poisson distribution from
Poisson model; 8y, 81, B2 and ¢ are the model parameters to be estimated.
The coefficient of determination of the model adjustment (Ridj)7 resid-
ual mean squares (RMS), Akaike’s Information Criterion (AIC) and Bayesian

Information Criteria (BIC), were using with criteria evaluated of the models
and define by:

1

2 2 P— 2
. = — (1 —
Rad] R n_p( R)

n—p

AIC =n+nlog(2m) + nlog (SSTR) +2(p+1)

BIC =n+ nlog(2m) + nlog (SSTR> + (p+1)log(n)

where, R? = (1—%), SSR = E?:l(Yi—Yi)z is sum square residuals,
n is the number of observations, p is the number of model parameters; Y; is
the value adjustment by model of the i-th death number by SARS-CoV-2; Y

is the mean of death number by SAR-CoV-2 (Y;).

4. Results

State of Pernambuco records 36,463 cases of SARS-CoV-2 and 3,012
deaths, Figures 1a and 1b. The daily mean of the number of cases in the state
of Pernambuco is 434.06 cases, while that of deaths is 36. However, in the last
seven days these means were 934.06 cases and 78, respectively, which suggests

a rate hourly rate of 39 new cases and 3.5 deaths, Figures 1c and 1d.
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Figure 1: Accumulated cases number (a), accumulated deaths (b), cases num-
ber (c) and deaths daily (d) by SARS-CoV-2 in the state of Pernambuco, Brazil

The proposed models showed high performance to estimate the number
of deaths by SARS-VOC-2, Table 1. The Poisson model showed explanatory
) of 99.81%, RMS of 148, AIC of 802.77 and BIC of 807.30, as

shown in Table 1.

power (R,

Table 1: Estimation of model parameters and adequacy criteria
Poisson model

Estimates  Standard error  p-value

B1 0.1688 0.0004 0.00001
B2 -0.00087 0.0000056 0.00001
R, 99.81%
RMS 148
AIC 802.77
BIC 807.3

In order to make the model predictions, the last three records were re-
moved and they were estimated. The observed values for the days 2020,/01/22
to 2020/03/06 were 2,875, 2,933 and 3,012, respectively. The estimates (con-
fidence interval of 95%) of the Poisson model were 2,854 (2,839; 2,881), 2920
(2,895; 2,940) and 3,005 (2,998; 3,020).

Given the predictions of the models, it appears that the Poisson model
presented very accurate estimates. Verified that the peak of cases registered in
4 days (7 of June), see Figure 2.
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Figure 2: Peak forecastin of SARS-CoV-2 pandemic in the state of Pernambuco,
Brazil

We use the Brazilian recent data from March 12, 2020 to June 3, 2020
to model and forecast the evolution of the Covid-19 pandemic in Pernambuco
state, Brazil. Since the Brazilian government does not have enough tests for
mass testing, this measure may provide some additional information. While
our short-term forecasts are in great accordance with the data, our long-term
forecasts may help us to discuss different types of social distancing policies.

Social distancing policy imposed by the government is able to flatten the
pattern of contamination provided by the Covid-19, but short-term policies is
only able to shift the peak of infection into the future keeping the value of the
peak in almost the same value.

Based on this definition, we provide an estimate of the optimal date
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to end the social distancing policy. Other research path is to evaluate the
economic side effects of pandemic control (Eichenbaum et al., 2020; Gormsen
and Koijen, 2020) and to propose measures to minimize these impacts (Hone
et al., 2017).

5. Conclusion

Power model proved to be effective for evaluate the epidemic curve of

Covid-19 in the state of Pernambuco.
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