S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



International Journal of Infectious Diseases 104 (2021) 297-299

International Journal of Infectious Diseases

Contents lists available at ScienceDirect

INTERNATIONAL
SOCIETY

FOR INFECTIOUS
DISEASES

journal homepage: www.elsevier.com/locate/ijid

Short Communication

Measuring the impact of the COVID-19 outbreak in Ecuador using M

Check for

preliminary estimates of excess mortality, March 17-October 22, |%&

2020

Holger Cevallos-Valdiviezo®, Allan Vergara-Montesdeoca, Gema Zambrano-Zambrano

ESPOL Polytechnic University, Escuela Superior Politécnica del Litoral, ESPOL, Facultad de Ciencias Naturales y Matemadticas, Campus Gustavo Galindo Km.

30.5 Via Perimetral, PO. Box 09-01-5863, Guayaquil, Ecuador

ARTICLE INFO ABSTRACT

Article history:

Received 28 June 2020

Received in revised form 10 December 2020
Accepted 15 December 2020

Keywords:
COVID-19
Ecuador
Mortality
Excess deaths

Objectives: Ecuador is among the worst-hit countries in the world by the coronavirus disease 2019
(COVID-19) pandemic. In terms of confirmed deaths per million inhabitants, as of October 22, Ecuador
ranks fourth in the Americas and ninth worldwide according to data from the World Health Organization.
In this report, we estimate excess deaths due to any cause in Ecuador since the start of the lockdown
measures on March 17, 2020 until October 22, 2020.
Methods: Estimates of excess deaths were calculated as the difference between the number of observed
deaths from all causes and estimates of expected deaths from all causes. Expected deaths were estimated
for the period March 17-October 22, 2020 from forecasts of an ARIMA model of order (3,0,1) with drift
which was applied to daily mortality data for the period from January 1, 2014 to March 16, 2020.
Results: The number of all-cause excess deaths in Ecuador was estimated to be 36,922 (95% bootstrap
confidence interval: 32,314-42,696) during the study period. The peak in all-cause excess mortality in
Ecuador may have occurred on April 4, 2020, with 909 excess deaths.
Conclusions: Our results suggest that the real impact of the pandemic in Ecuador was much worse than
that indicated by reports from national institutions. Estimates of excess mortality might provide a better
approximation of the true COVID-19 death toll. These estimates might capture not only deaths directly
attributable to the COVID-19 pandemic but also deaths from other diseases that resulted from indirect
effects of the pandemic.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

On December 31, 2019, the Wuhan Municipal Health Commis-
sion reported a cluster of cases of atypical pneumonia in Wuhan,
China. A new type of coronavirus, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), was identified as the
source. This virus causes the coronavirus disease 2019 (COVID-19).
On March 11, 2020, the World Health Organization declared the
COVID-19 outbreak a pandemic (World Health Organization,
2020a). SARS-CoV-2 has rapidly spread worldwide, infecting
41,200,511 people and causing 1,130,914 confirmed deaths as of
October 22 (World Health Organization, 2020b). Ecuador is among
the worst-hit countries in the world. As of October 22, Ecuador
reported 8,195 confirmed deaths and 4,305 probable deaths from
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COVID-19 (Servicio Nacional de Gestion de Riesgos y Emergencias,
2020). In terms of confirmed deaths per million inhabitants, as of
October 22, Ecuador ranks fourth in the Americas and ninth
worldwide (World Health Organization, 2020b). However, the real
impact of the pandemic in Ecuador may be worse as the existence
of underreporting of COVID-19-associated deaths cannot be
disregarded. Underreporting may occur, for instance, due to delays
in death registrations, a lack of enough test kits nationwide, false-
negative test results, or misattribution of deaths from COVID-19 to
other causes. The purpose of this study is to estimate excess deaths
due to any cause in Ecuador from March 17, 2020 (when the
national lockdown began) to October 22, 2020. Estimates of excess
deaths might capture deaths caused directly or indirectly by
COVID-19 and could thus provide a better assessment of the impact
of the COVID-19 outbreak (Olson et al., 2020). For this analysis,
daily mortality data from the National Institute of Statistics and
Census (Instituto Nacional de Estadistica y Censos, 2020), the
National Civil Registry (Direccion General del Registro Civil,
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Table 1
RMSE estimates of the best models for each of the methods considered in this study
based on the OOS evaluation.

Models RMSE

Simple exponential smoothing with multiplicative errors - ETS (M,N,N) 24.37

Cubic smoothing spline with 5 degrees of freedom (complexity 54.56
parameter)

Moving average model of order q = 28 days 25.81

ARIMA (3,0,1) with drift 22.02
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Identificacion y Cedulacién, 2020), and the National Risk and
Emergency Management Service (Servicio Nacional de Gestion de
Riesgos y Emergencias, 2020) of Ecuador were used. All-cause
excess deaths for any day were estimated as the difference
between the number of observed deaths from all causes and the
estimate of expected deaths from all causes obtained for that day
from historical data. To obtain estimates of expected deaths from
all causes from March 17 to October 22, 2020, we used forecasts
from a statistical model built on daily mortality data from the
period January 1, 2014 to March 16, 2020. This is a similar approach
to that used by Blanton et al. (2007) and Olson et al. (2020).
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Different models of exponential smoothing, cubic smoothing
splines, simple moving average, and ARIMA were considered for
this study. These methods have been used in similar studies (see
e.g., Adair et al., 2020; Rossen et al., 2020; Vieira et al., 2020). To
compare the forecast performance of these models we used out-of-
sample (OOS) testing with rolling windows (Tashman, 2000) on
the model-building dataset. In particular, the fit period was
successively set to start on March 17 and end on March 16 of the
following year to produce forecasts for the subsequent test period
from March 17 to October 22. Because mortality data were
available from January 1, 2014 onwards, the first fit period was set
from January 1, 2014 to March 16, 2015. Five fit-test periods were
generated in total in the model-building dataset. Note that this
evaluation procedure emulates the forecast problem of this study.
We used as a measure of performance the root mean squared error
(RMSE) computed from the observed and forecasted values in the
five testing periods considered. For each method, only the model
with the lowest RMSE estimate in the OOS evaluation is displayed
in Table 1. As shown in Table 1, the ARIMA model of order (3,0,1)
with drift shows the best forecast performance and was therefore
selected for the analysis. Figure 1 shows the estimated curve of
excess mortality based on this model and compares it with the
daily number of confirmed and probable COVID-19 deaths in the
period January 1-October 22, 2020. Note that the sequence of bars
for the daily number of confirmed and probable COVID-19 deaths
shows a pattern similar to the curve of excess mortality, except for
being shifted to the right, which may reflect reporting delays by
national institutions during the pandemic. Note also that the levels
of estimated excess mortality in general exceed those of the
number of confirmed and probable COVID-19 deaths. This
difference may represent deaths directly attributable to COVID-
19 that were not officially reported but also deaths from other
diseases that resulted from indirect effects of the pandemic, such
as the fear of being treated in hospitals overwhelmed with COVID-
19 patients or a shortage of medication, physicians, intensive care
unit beds, ventilators, or a general lack of access to healthcare
services. These results suggest that the real impact of the pandemic
in Ecuador was much worse than that indicated by reports from
national institutions. Estimates of all-cause excess mortality might
provide a better approximation of the true COVID-19 death toll.
From March 17 to October 22, 2020, a total of 80,108 deaths from all
causes were registered in Ecuador, of which 36,922 (95% bootstrap
confidence interval: 32,314-42,696) were estimated to be in excess
of expected levels. As shown in Figure 1, the peak in all-cause
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excess mortality in Ecuador may have occurred on April 4, 2020,
with 909 excess deaths.
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Figure 1. Estimates of excess deaths from all causes based on an ARIMA (3,0,1) model with drift, number of confirmed COVID-19 deaths, and number of probable COVID-19
deaths in Ecuador between January 1 and October 22, 2020. Data on confirmed and probable COVID-19 deaths were obtained from the National Risk and Emergency
Management Service of Ecuador (Servicio Nacional de Gestion de Riesgos y Emergencias, 2020).

*The National Risk and Emergency Management Service of Ecuador defines a confirmed COVID-19 death as a case that had laboratory confirmation of SARS-CoV-2 infection
before death.

A probable COVID-19 death is defined by the National Risk and Emergency Management Service of Ecuador as a case that exhibited known COVID-19 symptoms but did not
have laboratory confirmation of SARS-CoV-2 infection before death.

Notes:

-The website of the National Institute of Statistics and Census (Instituto Nacional de Estadistica y Censos, 2020) reports all-cause mortality data until December 31, 2019. For
the period from January 1, 2020 to October 22, 2020 all-cause mortality data were obtained from the website of the National Civil Registry (Direccion General del Registro
Civil, Identificacién y Cedulacién, 2020).

- Levels of all-cause mortality from December 24, 2019 to December 31, 2019 were on average lower than those registered on previous days. Deaths not registered on these
vacation days were probably only registered on January 1, 2020, and as a result excess mortality was estimated to be much higher than 0 for that day. Levels of deaths in the
period from March 13, 2020 to March 19, 2020 were also unusually low and as a result negative estimates of excess deaths were obtained in a systematic way for those days.
These results were obtained in a first analysis with the ARIMA (3,0,1) model with drift, which showed the best performance with the OOS evaluation. To improve the fit of the
model, we fitted a simple exponential smoothing model with multiplicative errors (ETS(M,N,N)) on the time series data preceding each of these periods and used the
corresponding forecasts to replace the actual values of these days. ETS(M,N,N) produced the lowest RMSE in a last block evaluation for each of these 2 periods when compared
with other models of exponential smoothing, cubic smoothing splines, simple moving average, and ARIMA. Reported results in Figure 1 and Table 1 are based on these
modified data.

- Data on confirmed and probable COVID-19 deaths from the National Risk and Emergency Management Service of Ecuador were negative for some days. We set those values
to 0 in the plot shown in Figure 1.

- A number of 362 probable COVID-19 deaths on October 8, 2020 appears to be an outlier with respect to levels of COVID-19 deaths around that period of time. Many of them
may represent deaths that possibly occurred at an earlier point in time and that were only registered on October 8.
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