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Animportant problem

The new coranavirus respirstory syndrome disease (COVID-15) pandemic has o
Fectad severs| countries 2round the workd. In pariculer, the COVID-19 pandenmic
s hit Chile hard in the past few monzns.

1782 with three parameters, o

rchiin this content can be useful

2spects of COVID-19 in Chile. In practi
inan epidemic, =
policy-makers, 2 nealth car resources to cariin areae o lasnthying

how long social mancmg pollnn) may nesd to be in effect Viesnu-Sackey and
Barf, 2

This work focuses on & measure of COVID-15 mortality risk especially in chile)
known a5 case fataiity rate (CFR]. Such & messure is particularly important for
hesth plces, and 1 s computed a thereto between confimed deaths and
confirmed cases. 2 is one of the indicators that serve to monitor the sevrity

of the pandemic; see Jrvps://ourworldindata. org/. In terms of stochastic
repressnistion, the CFR can be written 2
v
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wav
where W € R and W € R are two random varizbles representing the numberof

confirmed COVID-19-related desths and COMID-19 cases with no desth resut,
respectively. The sum W + V" represents the number of confirmed COVID-19
cases, and the ratio (1) has support in the unit intenval (0, 1). Nevertheless, it is
well knowm that the widely popular mean regression model could be inadequate
i the observed response variabie follows 2n asymmetrical distribution, which is
quite common for rates and proportions. In swch 3 Situstion, quaNtie regression
madels (Kosnker, 2005) can bs more suitabie To the best of our knowiedgs, 3
the type 1/ (W +
red in the [iterature.

V) at different levels has never been consi

‘Chilean COVID-1g data

We snalyzs COVID-19 dats from Chile snd find that the CFR iz sualsined by
positivity for tests, and the percentage of the populetion fully
which belong

repor
(hz Crlean Minitry of Hesith for each commune between N‘z, 24 and July 23
bt only for communes with atlezst 50 cases and 1 death, totaling 335,727
cases and 8,692 deaths in 305 communes. The communes were divided into
three zones: North, Center, and South (see Figurs 11, This division is typically
wsed in Chile and is supported by climstological characteristics from the different
zones.

Center

Figire 1 fumrages of tre comarvad CFR values in communes of tos North Carter, 3nd Soutn
e beraean dJuy 23, 2021
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Brief Description

Motivated by the case fatality rate of COVID-19, we develop a fully parametric quantile regression model based on the generalized
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the incomplete bets function ratio,
! 1 tre ncomplte funcrion and B, )

3 1 e b hm{nnn The probbilty density function (PDF) as-
sociated with Equation (2]
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WV can see that Equation (3) reduces to the beta distribution when A = L. If
X1 ~ GA(a,01) and X2 ~ GA(J, 1) are indspendent gamma distributicns, then
the rzndom varisble .o

1

X
is distributed according to 2 GB3 distribution, where A Note that, 25
Il ) corresponds to the CDF of the ususl betz distribution, the r-th quantile
of the GB3 distribution can be represented a5

)

2o 4(7)] + Za (7Y
where 3, i7) denotes the -th quantie of the bets dlsmbunon with parame-
ters o and 1. To compute the quanti ot necessary
o implement such complex formulas a3 (21, Instesd, one ean use the quetal
function in A software. To introduce the proposed quantile regression mode], we

FrtwAa s [ @
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~ GB3( 0, )

shall reparmetrize (3] in terms of the T-th quantie s = 4(r; A, a, ) such that A
can be written (from Eg. (4) as follows
A O<p<l
¥; be independent random varisbles such thet eech ¥ fort = 1, ..

Ls( Y
5By,

11,1, ). for 2 fixed tknown) probbility T € (0, 1) associzted with the
quam\enf\mnresr Suppose . and sty the ollowingfunctior relains

Alp(r)) =x] O 5
wnere 0(7) — (&
o

BT,
L mﬂvemr: ot et e regre:

e 1 50 o1, it ko
G RY R and g RY s R n (5) must be stctly moncton, positive, 3ud 2t
least twice differentisble.

Analysis results

Ve conzidersd the following Information for sach commune:

= crr- CFR (confirmed deaths/confirmed cases) between May 24 and July 23,
2021, Mean=0.025, Medizn=0.025, standiard deviztion=0.012,
i

wm=0.00<, 2nd maximum=0.09.
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7), (1)

om0 m and used the \ugl

Used). The metiod of maximum likelihood (ML) s used for estimating the model

paramaters. Consicering that the terms related to th intsecept, ing(dens), posit,

and vacc1ne, and based on the results of AIC criteria, the final mode! was

fir) + By(7)
wir) + vy(r) o

@ens,) + fa(7]vaccine,
(asas,) + wirjposte,

ST = mir)

Tevle 1 presencs the M estinates and stendard errors (35 for the GB3 quantile
model par oo t the estimstes of f(r) increase across T,
g 6k the -t cusrle O CFR intrseees s ereeeesFor e s men
(an) 2n vaccizs s s £ 0. O the et hand, s extimates of or)
juantle of CFR decresces 25 1dens incressss.
Thi ected because denser cifies have grester and betier access to heslth
Carears Foshammare, ot -oin soarele o o Seerasiet

Teble 1 Sxtimated paramatars 3nd SE: (gven i1 parecthecas) o the GBS usntie mode

Firly, Fgre2 = inthe rthe CFRin
he thres zones iF the vaccination procsss i3 incressed by 30% in s2ch communs
Comparing Figures 1 2nd 2, we cbssrve 2 largs dec
fzn for the average CFR in the two lzst menths, Sl’mmngihat
s an effective way 1o redues COMID-19 desths

the vaccination

North
o

Center South

Fizurs 2 Estmated masisn for s suerags CFRin the o mavt et
the North, G, and South zemes of Crie f the vassmston arazes:
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= post: sversgs of positive tests between Jenuery 25 and May 24, 2021

= vaccine: persntage of the pooulstion fully vaccingted by Mey 24, 2021

three-parameter beta (GB3) distribution.

We first reparameterize the GB3 distribution by inserting a quantile parameter and then we develop the new proposed quantile model.

We also propose a simple interpretation of the predictor-response relationship in terms of percentage increases/decreases of the quantile.

A real COVID-19 dataset from Chile is analyzed and discussed to illustrate the proposed approach.
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Motivated by the case fatality rate (CFR) of COVID-19, in this paper,

we develop a fully parametric quantile regression model based on the generalized
three-parameter beta (GB3) distribution. Beta regression models are primarily used
to model rates and proportions. However, these models are usually specified in terms
of a conditional mean. Therefore, they may be inadequate if the observed response variable follows an asymmetrical distribution, such as CFR
data. In addition, beta

regression models do not consider the effect of the covariates across the spectrum of
the dependent variable, which is possible through the conditional quantile approach.
In order to introduce the proposed GB3 regression model, we first reparameterize

the GB3 distribution by inserting a quantile parameter and then we develop the new
proposed quantile model. We also propose a simple interpretation of the predictor-
response relationship in terms of percentage increases/decreases of the quantile. A
Monte Carlo study is carried out for evaluating the performance of the maximum
likelihood estimates and the choice of the link functions. Finally, a real COVID-19
dataset from Chile is analyzed and discussed to illustrate the proposed approach.
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