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Supplementary Methods 

 
Delay in reporting 

The 2015-2019 all-cause death records from the Ecuadorian National Institute of Statistics and 

Census included both the date of reporting and the date of death. There is a delay between the time 

of death and the time that death is recorded into government registries. According to PeraltaS1, “in 

Ecuador, by law, the declaration and registration of all deaths is mandatory. The mortality registry 

contains all death certificates completed in the country by health professionals or (in their absence): 

1) police or civil authorities or 2) civil registration officials”.  That is, the reporting of deaths does 

not solely rely on the healthcare system, ensuring reasonable reporting during health crisis.    Figure 

S1 shows the fraction of deaths reported as a function of days since death for the all-cause mortality 

during 2015-2019.  The reporting delay compares favourably with that of other countries, see for 

example Weinberger6 and supports our claim that the historical all-cause mortality from 2015-

2019 are essentially complete and do not require adjustments for reporting delay. The death counts 

during COVID only contained date of death without any information about the reporting date. 

Therefore, it is not possible to estimate the delay in reporting during 2020. However, the summary 

statistics of deaths in 2020 obtained in Feburary 2021 suggests that the delay contributes to only 

less than 3% underestimates (as discussed in the main text).    

 

 

Statistical Model 

To estimate the number expected deaths in 2020 (without COVID-19), we model the number of 

weekly deaths as a Poisson distributed random variable with expected value 𝜆𝐵𝑖𝑗𝑘𝑙 and assume that 

the logarithm of its expected value can be expressed as a linear combination of a set of explanatory 

variables  
 

log(𝜆𝑖𝑗𝑘𝑙) =  𝑐0 +  𝑐1,𝑖𝑊𝑒𝑒𝑘𝑖 + 𝑐2,𝑗 𝑃𝑟𝑜𝑣𝑖𝑛𝑐𝑒𝑗  +  𝑐3,𝑘𝑆𝑒𝑥𝑘  + 𝑐4,𝑙𝐴𝑔𝑒_𝐺𝑟𝑜𝑢𝑝𝑙 + 𝑐5,𝑠  𝑆𝑒𝑥𝑘 ∗ 𝐴𝑔𝑒_𝐺𝑟𝑜𝑢𝑝𝑙     

 

where 𝜆𝑖𝑗𝑘𝑙 is the expected number of deaths during week i, in province j for the sex k and age 

group i. 

  

We estimate the parameters of this generalized linear model using the glm function in R (version 

3.6.1), specifying family=’Poisson’. We calculate the number of expected deaths per week, 

province, sex, and age group and aggregate the results at the province and national levels, per 

week, and for the different demographic groups.  

 

Traditional models for death counts include sine and cosine terms into model for the logarithm of 

the expected value to capture seasonality.  In contrast, our model estimates a separate effect for 

each week.  This more flexible model also captures seasonality, but has the freedom to estimate 

the shape of the seasonal effect.  This added flexibility mitigates the risk of model form uncertainty 

(bias) that may arise from mis-specifying the functional form of the seasonal effects in death 

patterns.  

 

The root residual plot (see Figure S2) reveals that the death count data is over-dispersed.  Indeed, 

for Poisson distributed random variables, the square-root transformation stabilises the standard 

deviation to 0.5.  But the root-residuals exhibits more variability than is expected from random 
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variables with standard deviation of 0.5.  Standard approaches to account for such extra-Poisson 

variability is to use negative binomial or quasi-Poisson regression models.  But estimation of the 

extra-Poisson variability is notoriously unreliable for small count data, and as a result, we use 

standard log-linear Poisson regression to fit the death counts.  Indeed, we note that as standard 

linear regression estimates remain unbiased even if the response variable has heterogeneous 

variances, assuming a Poisson distribution for moderately over-dispersed data still yields 

consistent for conditional expectation.  Formally, this follows from analysis of maximum 

likelihood estimators under model misspecification --- see HuberS2 or WhiteS3 for example.   

 

However, over-dispersion impacts the construction of confidence intervals for the death counts, 

which in turn impact the confidence intervals of the excess death factor.  Since our model does not 

explicitly accommodate the extra-Poisson variability, we use block bootstrap to compute 

confidence intervals for the expected death counts in “normal” years.  Specifically, we resample 

with replacement observations in each cell --- combination of week, province, sex, and age group 

--- and refit the model using the bootstrap sample.  Confidence intervals for provincial level 

expected values are obtained by computing 2.5% and 97.5% quantiles of the rolled-up bootstrap 

estimates.       

 

The estimated model fitted with data from 2015 to 2019, fits fairly well as demonstrated by a 

closer inspection of the standardized residuals: square root of the observed deaths – the square 

root of the expected deaths. Taking the square root of the observed and the expected deaths is 

known as the variance stabilizing transformation that is commonly used for Poisson regression to 

alleviate heteroskedasticity. An analysis of deviance reveals that the all the factors have a p-

values less than 0.00001.  
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Supplementary Figures 

 

 

 
Figure S1. Reporting delay in death records for data between 2015 and 2019. Plot shows the 

percentage of deaths reported over time after deaths. Grey lines denote the percentage for each of 

the 24 Ecuadorian provinces and the black line shows the mean percentage. 
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Figure S2. Plots of standardized residuals from the Poisson regression for excess deaths. Left 

plot shows scatter plot of the residuals and the right plot shows their distribution as depicted by a 

violin plot. Outliers (red), are cases that did not fit well the estimated model, correspond to deaths 

caused by the 2016 earthquake with epicentre in the province of Esmeraldas and a magnitude of 

7.8 in the Mercalli intensity scale. 
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Figure S3. Time series for (A) weekly expected deaths and observed deaths and (B) 

corresponding time series of excess death factor. The period of strict national lockdown by the 

Ecuador government (shaded area) is taken from the Oxford COVID-19 Government Response 

Tracker1. 
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Figure S4. The excess death factor by demographics, i.e. the number of all-cause deaths over 

the number of expected deaths: (A) by sex, (B) by age group, and (C) by sex and age group. 

Note that the age group [60, 70) has the largest excess death factor. 
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Figure S5. Time series of COVID-19 test positivity rate, i.e. percent of positive COVID-19 

tests for Ecuador (national level), and for the provinces of Guayas, Santa Elena, and 

Pichincha. 
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Figure S6. Provincial time series of excess deaths per 100,000 people (yellow) and for 

documented COVID-19 deaths per 100,000 people (red). Plots ordered according to the order 

in which provinces reached 10 excess deaths per 100,000 people. The first 12 provinces are shown. 
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Figure S7. Provincial time series of excess deaths per 100,000 people (yellow) and for 

documented COVID-19 deaths per 100,000 people (red). Plots ordered according to the order 

in which provinces reached 10 excess deaths per 100,000 people. The last 12 provinces are shown. 

 

 


