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Abstract 

Due to the arrival of COVID-19 in Italy and Europe, there has been a significant increase in deaths recorder in the year 

2020, this increase is not justified by the number of deaths recorded for COVID-19. The hypothesis in that the deaths 

recorded for COVID-19 are underestimated. This study aims to estimate the possible number of unrecorded COVID-19 

deaths using a predictive model built based on historical deaths recorded from 2015 to 2019. The estimate was calculated 

by comparing the number of deaths expected, according to the prediction for the year 2020 under normal conditions, with 

the deaths recorded during the pandemic in the same period which runs from March to September 2020. Through the 

comparison it was possible to obtain an estimate of the number of excess deaths which represent how much the arrival of 

the Coronavirus had affected the increase in death recorded. From the excess deaths, the number of COVID-19 deaths 

advertised and documented by official national sources was subtracted to obtain an estimate of the possible number of 

unrecorded COVID-19 deaths. 

Keywords: Data Analysis; Time Series Analysis; Predicted Models; SARIMA Models; COVID-19 Deaths Unrecorded. 

 

1. Introduction 

Between the end of 2019 and the beginning of 2020 in the city of Wuhan in China, numerous cases of contagion 

related to the diffusion of a new virus called COVID-19 were recorded. It is a highly contagious virus belonging to the 

Coronavirus family that mainly affects the respiratory tract but can cause symptoms that affect all organs and system. 

From China, in the following months, the virus began to spread all over the world, so much that the World Health 

Organization (WHO) was forced to declare a pandemic on March 11, 2020. Italy was one of the first nations to 

register numerous cases related to the pandemic, the first infections of people not coming from China were recorded in 

Northern Italy from February 21, 2020, while the first death related to COVID-19 was registered on February 22, 2020 

in the hospital of Padua. The situation has progressively worsened, Italy suddenly found itself having to cope a health 

emergency with numerous hospitalizations and deaths, so much that the Government to counter the diffusion of the 

virus and limit the number of deaths, on March 9, 2020 has decided to take containment measures by declaring a 

national lockdown. Italy was the first European state to adopt such severe and restrictive measures. Despite the 

measures adopted, the number of deaths continued to grow up, reaching a maximum peak on March 27, 2020, the date 
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on which recorded 969 deaths. The assumption on which analysis is based is that the number of deaths recorded for 

COVID-19 has been underestimated, as many patients, precisely because of the sudden health emergency, could not 

receive the correct diagnosis that resulted in death. As proof of this, the increase in deaths recorded in the most 

affected areas was analyzed compared to the mean of past years which in the province of Bergamo has increased by 

about 365%. Therefore, the study proposes, using predictive models, to make a prediction of deaths from all causes for 

the period March-September 2020 based on the historical deaths recorded from 2015 to 2019. The result obtained 

from the prediction represents the value of deaths expected in normal conditions. Using some metrics (SDE and SDS), 

the value of expected deaths was compared with the number of deaths from all causes recorded in Italy since the 

beginning of the pandemic to determine the estimate of excess deaths presumably caused by the virus. From the 

estimate of excess deaths obtained (SDE), the number of deaths from COVID-19 released by official national sources 

was detracted to be able to estimate the possible number of COVID-19 unrecorded deaths (SDS). The analysis was 

carried out both at the Italian (national and regional) level and for some European countries including the United 

Kingdom. The results obtained demonstrated a greater value of COVID-19 unrecorded deaths in the areas most 

affected by the virus. Specifically, at the Italian level the northern regions such as Lombardy, with a mean estimate of 

8,481 unrecorded deaths, up to a maximum of 18,550 deaths. Following Piedmont, Emilia Romagna, and some 

southern regions such as Sicily and Puglia, subject to a greater extent by the return of residents. In Europe however, 

the United Kingdom with a mean estimate death submerged of 29 005 for up to 111,486 value, followed by Germany, 

Italy, Spain, and France. 

2. State of the Art 

During the first phase of the pandemic, several studies have been carried out and published around the world that 

detect and demonstrate the presence of an excess of mortality for the year 2020 higher than deaths officially 

documented for COVID-19. It is likely that excess value includes COVID-19 unrecorded deaths. 

2.1. Excess Mortality in the United States 

The University of Cambridge, in October 2020, published a study [1] that analyzed the excess of mortality recorded 

in the United States during the COVID-19 pandemic. The study in based on weekly data on mortality recorded from 

all causes, pneumonia, and influenza in the states where a high concentration of COVID-19 deaths was reported, 

specially these were the states of: California, Connecticut, Florida, Illinois, Indiana, Louisiana, Massachusetts, 

Michigan, New Jersey, New York, Pennsylvania, and Washington. The recorded mortality weekly data from 

September 27, 2015 to May 9, 2020, was obtained from the September 11, 2020 release of the National Center for 

Health Statistic Mortality Surveillance System. The object of the study was therefore to determine the real impact that 

the pandemic had on the increase in deaths in the states listed during the year 2020 through the creation of models that 

can predict the excess mortality recorded for all causes, for influenza and pneumonia. In particular, the study made use 

of two models: a conventional model, which estimates the excess of deaths compared to previous years as the 

difference between observed and predicted deaths by the model under normal conditions, and a model semiparametric, 

which, on the contrary, estimates the excess deaths as the difference of two expected values: the expected mortality 

taking into account an indicator of the pandemic period, which represents the turning point in the increase in mortality, 

and the expected mortality without taking into account the pandemic period indicator. The semiparametric model 

returned tighter confidence intervals, so the study was concentrated on the results produced. 

Table 1. Results for all causes, for influenza and for pneumonia of the 95% confidence intervals obtained from the semi 

parametric model compared with the COVID-19 deaths recorded 
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Through the analysis, specifically, of deaths from pneumonia and influenza, it emerged a significant increase 

compared to the expected number. This increase was recorded in the city of New York where despite the number of 

influenza cases recorded steadily decreasing throughout the month of March 2020, influenza deaths increased until 

April 2020. 

 
Figure 2. Weekly influenza mortality recorded in New York City broken down by years 

The study succeeded in demonstrating the possibility that, in the absence of molecular swabs, many COVID-19 

deaths have been misclassified as influenza or pneumonia deaths as the symptoms between diseases are nearly 

identical. Thus, a percentage of the estimated total excess mortality was captured by the excessive pneumonia and 

influenza mortality recorded in the same period. A further percentage was instead captured by deaths indirectly 

generated by the virus, or those deaths caused by the delay in health care due to the overloading of the structures or by 

the fear of the population to go to hospitals and contract the infection. In fact, the study found that many patients 

suffering from heart attacks or strokes have delayed the search for treatments and this has led to an increase in deaths. 

Ultimately, only increased availability of molecular testing, including post mortem, can lead to more accurate 

pandemic period mortality counts and reports. 

2.2. Excess mortality in England and Wales 

Based on the footprint of the previously discussed study, a survey was carried out on the excess deaths recorded in 

England and Wales during the early stages of the pandemic. The article [2] demonstrated whether, and to what extent, 

the number of unrecorded COVID-19 deaths has increased compared to what was expected in the absence of the virus. 

The study was based on provisional weekly data, released by the Office for National Statistics (ONS) updated to May 

12, 2020. The data document mortality recorded in Wales and England broken down by gender, age, and region, for 

years from 2015 to 2020. To calculate the value of deaths not officially related to the pandemic, the study used the 

total number of deaths, regardless of cause, and the number of deaths that in the certificate was mentioned COVID-19. 

The estimate obtained, calculated as the difference of the two values, was compared with the average number of 

deaths recorded in the first eighteen weeks of the previous five years. The results, also in this case, show an excess of 

mortality that did not officially involve the virus, it would be about 968 additional weekly deaths compared to the 

weekly average of the years 2015-2019. 

 

Figure 3. Weekly deaths, by gender, recorded in England and Wales as unrelated to COVID-19 compared to the 2015-2019 

weekly average. The dashed vertical line indicates the first recorded death from COVID-19 

The reasons for the excess mortality are the same: lack of molecular tests that lead to a lack of diagnosis of the 

virus and delay in providing or receiving help due to the overload of health facilities and the fear of citizens in going 

there. 
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3. Research Methodology 

The objective of this study is to estimate the differences between the total death recorded in Italy during the 

pandemic period from March to September 2020 and the possible value of death expected for the same period, in the 

scenario in which pandemic does not have occurred. The prediction of the expected death was determined based on the 

analysis of the number of deaths from all causes recorded in Italy during the five-year period 2015-2019. The official 

number of registered COVID-19 deaths was subtracted from the difference in deaths thus obtained, to obtain an 

estimate of the possible number of unrecorded COVID-19 deaths. 

The metrics applied were as follows:  

 EED: measures the estimated number of excess deaths due to the pandemic and is calculated as the differences 

between all-causes deaths recorded in the year 2020 and all-causes deaths expected according to the model 

predictive based on historical deaths recorded from 2015 to 2019. 

 UED: measuring the estimation of unrecorded COVID-19 deaths according to the model predictive based on 

historical deaths recorded from 2015 to 2019. 

The analysis was carried out in the first place at the Italian level (national and regional), and then moved to analyze 

the situation of some European nations as well, such as: Belgium, France, Germany, Greece, Portugal, United 

Kingdom, Romania, and Spain. These are countries for which, considering the period 2015-2020, grater completeness 

is available in the data collected. 

4. Data Collection and Cleaning 

Table 2. Information on collected data. 

Title Source Format Cadence Level Period 

Total deaths recorded in Italy ISTAT csv Daily 
National and 

regional 
January 2010 – September 2020 

COVID-19 deaths national Civil Protection csv Daily National March 2020 – September 2020 

COVID-19 deaths regional Civil Protection csv Daily Regional March 2020 – September 2020 

Total deaths recorded in Europe EUROSTAT csv Weekly National January 2010 – September 2020 

COVID-19 deaths registered worldwide 
Johns Hopkins 

University Center 
csv Daily National March 2020 – September 2020 

4.1. Total Number of Deaths in Italy (ISTAT) 

The data regarding the number of deaths registered in Italy for all causes have been collected from the official 

ISTAT website. ISTAT periodically provides the dataset containing the daily number of deaths divided by 

municipalities, provinces, and regions for years from 2015 to 2020. Thanks to the update of December 3, 2020, it was 

possible to acquire complete data to September 30, 2020 for all 7.903 Italian municipalities. From the downloaded 

dataset, the time series was created which reports the total deaths registered throughout the county from January 2015 

to September 2020. Figure 1 shows the data. 

By time series we mean a set of values ordered with respect to time that express the dynamics of a certain 

phenomenon: in this case the phenomenon of mortality in Italy. It was chosen to work on monthly data because they 

are more representative for the general trend of deaths. To do this, it was necessary to reprocess the dataset by 

combining the total value of deaths based on the month of registration. The time series of total deaths relating to each 

region of the peninsula were also obtained from the same dataset. To carry out this operation, it was sufficient to 

divide the initial ISTAT dataset from each region and subsequently combine again the total value of deaths based on 

the month of registration for each time series. 

Figure 4. Extract from the ISTAT dataset 
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4.2. Number of Deaths from COVID-19 in Italy (Civil Protections)  

The data regarding the number of deaths registered for COVID-19 were instead retrieved from the official profile 

GitHub of the Italian Civil Protection which is updated daily (Figure 5). To the analysis, it was necessary to obtain the 

deaths from March 2020 to September 2020 to be compared with the total death of the same period. The Civil 

Protection reports for each date the total value of deaths due to COVID-19, for which, to derive the increase compared 

to the previous day and therefore the actual number of deaths recorded daily, it was necessary to subtract from the 

current value of death, the previous value. To construct the time series, the values of daily deaths were then combined 

based on the month of registration. The Civil Protection also provides the dataset that reports COVID-19 deaths 

divided by region (Figure 6). 

4.3. Total Number of Deaths in Europe (EUROSTAT) 

The dataset containing the deaths of European nations was obtained from the EUROSTAT website which 

periodically provides the total number of deaths for all causes and for all ages recorded weekly by each nation in the 

union (Figure 7). From the latter, the total value of monthly deaths recorded from January 2015 to September 2020 

was obtained with the aim of creating the monthly time series to analyze the following countries: Belgium, France, 

Germany, Greece, Portugal, United Kingdom, Romania, and Spain. 

4.4. Number of COVID-19 Deaths in Europe (Johns Hopkins University Center) 

The data relating to COVID-19 deaths registered at national European level were collected from GitHub profile 

managed by the Johns Hopkins University Center which provides the number of deaths due the pandemic for nations 

Figure 7. Extract from the EUROSTAT’s dataset 

Figure 5. Civil Protection’s dataset of 

COVID-19 deaths recorded in Italy 
Figure 6. Civil Protection’s dataset of COVID-

19 deaths recorded in Italian’s regions 
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around the world (Figure 8). From were obtained the total of COVID-19 deaths recorded in the month from March 

2020 to September 2020 to build the time series of previously listed nations. 

 

Figure 8. Johns Hopkins University Centre’s dataset of COVID-19 deaths 

5. Data Analysis 

To analyze the data collected with the aim of obtaining an estimate of the unrecorded COVID-19 deaths, a software 

was created using the Jupyter application and the Python program language. The libraries used were: Statsmodels [3], 

Pandas [4], Numpy [5] and Matplotlib [6]. 

The collected data were interpreted as time series. For convenience, the analysis on the time series relating to the 

total death recorded in Italy, from January 2015 to September 2020, used to carry out the analysis at national level was 

taken as an example. The procedure explained below can be generalized to all the time series analysis.  

The first operation performed was to study the time series, to create a predictive model for each of them, from 

which to obtain the prediction of the number of deaths expected for the year 2020 under normal conditions, based on 

time series data recorded from January 2015 to December 2019. Figure 9 shows a certain seasonality in the time 

series, which is repeated annually, and which determines the fluctuations in Italian’s deaths. In fact, seasonality refers 

precisely to periodic fluctuations in observations. 

 

Figure 9. Monthly trend of total Italian’s deaths 

Every year there is an increase in deaths roughly coinciding with the month of November, probably due to the flu 

epidemic. The trend tends to decrease until May, to then increase again, in more slight way, in conjunction with the 

summer months and the increase in temperatures. Analyzing the year 2020 in more detail, it is possible to note an 

anomaly in the seasonal trend due to the increase in deaths caused by the arrival in Italy of the Coronavirus. 
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The study of the time series [7] was divided into two phases. The first phase consists in analyzing the series before 

a given breaking point, in this case it corresponds with the onset of the Coronavirus pandemic. The object of this phase 

is to detect the characteristics of the series, defining a predictive model for the representation of the time series before 

the breaking point. The model used in this phase is the model SARIMA (Seasonal Autoregressive Integrated Moving 

Average). The second phase consists instead in the use of the predictive model during the period following the 

breaking point, to establish a comparison with the real data. The use of the model allows us to calculate ac accurately 

ad possible what could be the future values of the series if the breaking point had not occurred. 

5.1. First Phase: Analysis before the Pandemic 

Before proceeding with the decomposition of the series, it was necessary to verify that the time series was 

stationary; this is because the modeling of a stationary series yields more reliable results in the medium to long term. 

By stationary we mean when the statistical properties of the time series do not vary over time, so it is possible to use 

its history to be able to predict its possible future behavior under normal conditions. To verify that the series in 

stationary, you can take advantage of statistical tests. The method considered to be the fastest and most effective is the 

use of the test Dickey-Fuller (ADF) based on unit root test. In the case of the time series analyzed, the test gave a 

negative result: the series was not stationary (Figure 10). To make it stationary, it must be transformed. In the specific 

case it has been differentiated, as better descripted below. 

 

Figure 10. Result obtained from the Dickey-Fuller test applied to the time series 

The model that was chosen to apply to the time series analyzed was the SARIMA model (Seasonal Autoregressive 

Integrated Moving Average). This model derives from the ARIMA model (Autoregressive Integrated Moving 

Average) which trivially tries to predict the future values of the time series based on its past values. The ARIMA 

model, however, does not perform well in time series in which seasonality is present. For this reason, it was chosen to 

use the SARIMA version which instead considers the seasonal variable present in the analyzed series. 

The SARIMA (p, d, q) model receives three variables as input. The variable p indicates the order of autoregressive 

that is the degree of dependence between the current value and the previous values and corresponds to the number of 

observations included in the model. It can be obtained through the analysis of the graph of the Autocorrelation 

function (ACF) applied to the time series. The function measures the correlation between observation in a time series 

based on time. The possible value of the variable p corresponds in the graph by the light blue area (Figure 11). Based 

on what has been explained, the variable p has been assigned the value of 12, as it appears to be the outermost value of 

the area that represents the confidence interval. 

The variable q indicates the moving average order, and its value can be obtained by analyzing the graph of the 

Partial Autocorrelation function (PACF) for the analyzed series. Also in this case, the possible value to be attributed to 

the variable q corresponds to the maximum value outside the confidence interval (Figure 12). The best result obtained 

by the model was that achieved by assigning to the variable q the value of 1. 

Finally, the variable d which indicates the order of integration. It can be obtained from the number of 

differentiations that are necessary for the time series to make stationary. As explained above, the time series analyzed 

needs to be differentiated as it was not stationary, therefore was assigned the variable d the value of 1. In summary, to 

obtain the prediction of the number of deaths expected in Italy for the year 2020 it was chosen to apply the SARIMA 

(12,1,1) model. 
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Figure 11. Autocorrelation function graph for the time series 

of total Italian’s deaths 
Figure 12. Partial Autocorrelation function graph for the 

time series of total Italian’s deaths 

Once the values to be assigned to the variables were obtained, the time series was divided into train and test. The 

train is formed by the values of the series ranging from January 2015 to October 2019 and corresponds to the part of 

the series that was used by the software to train the model. Figure 13 compares the observed values of the train with 

the predicted values obtained from the SARIMA (12,1,1) model. 

 

Figure 13. Comparison of the train with model prediction 

From the graph it is visible how initially the model tends to make more mistakes and then be able to adapt to the 

current values with greater precision. Once the model was created, it was necessary to verify that the residuals, which 

measure the size of the errors emitted by the model, were stationary. The verification was performed again using the 

Dickey-Fuller test. Subsequently, the model created was tested by making a prediction on the test part into which the 

time series had previously been divided. The part of the test is made up of the values of the time series for the month 

of November and December 2019. By superimposing in a graph, the observed values of the test with the values 

obtained from the prediction for the same months, it was possible to give an initial evaluation to the model by 

displaying how far the predicted values are from the observed value. 

The relation between the prediction obtained and the observed values was analyzed more specifically using the 

following metrics: 

 MAPE: it measures the mean absolute percentage error. 

 ME: it measures the mean error. 

 MPE: it measures the mean percentage error. 

 NMRSE: it measures the differences between the predicted values from the model and the observed values, 

according to which a value of 0 indicates a perfect model for the data. 

This metrics were also used to compare different models with each other, with the aim of finding the most optimal 

one. For the historical series analyzed it was found to be the SARIMA (12,1,1) model. Table 3 shows the results 

obtained for that model. 
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Figure 14. Comparison of the test with the prediction 

Table 3. Accuracy metrics of the SARIMA (12,1,1) model 

 

5.2. Second Phase: Analysis from the Beginning of the Pandemic 

Once the model was created and validated, it was possible to extend the prediction until September 2020, to derive 

the value of the expected deaths in Italy for the year 2020 based on historical mortality recorded from 2015 to 2019. In 

Figure 15, the prediction data were compared with the real data. 

 

Figure 15. Prediction of the model respect the deaths observed from 2015 to September 2020 in Italy 

To calculate the estimate of the possible number of unrecorded COVID-19 deaths, two metrics were applied. The 

first is the estimate of excess deaths (EED), which indicates the value of additional deaths in the period from March to 

September 2020. The value of EED was calculated by deducting from the deaths for all causes recorded by ISTAT 

from March to September 2020, the average estimate, and the minimum estimate of the number of deaths expected for 

the same period according to the prediction obtained from SARIMA model. The SARIMA model predicts according 

to an average value and a confidence interval for each time interval, so it is possible to calculate three EED values: 

minimum, average, and maximum. In some cases, the minimum value of EED obtained is negative, so only the 

average and maximum value of EED have been considered. Through the calculation of EED it was possible to obtain 

the average estimate and the maximum estimate of the number of excess deaths recorded in Italy from March to 

September 2020. 
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The second metric is the UED, which indicates the average number (or maximum) of unrecorded COVID-19 

deaths. The UED value was calculated by deducting from the average (and maximum) EED estimate obtained, the 

number of COVID-19 official deaths registered in the months from March to September 2020, to obtain the estimate 

of the possible average (and maximum) value of COVID-19 deaths that differ from the officially registered in the 

same months. 

6. Results 

6.1. Italian Analysis 

Figure 16 shows the prediction of deaths from all causes expected in Italy in normal condition compared whit the 

deaths recorded for all causes and the official deaths due to the Coronavirus pandemic. The gap between predictions 

and deaths from all causes is greatest in the first month in which the spread of the virus began (March and April 2020), 

and then diminishes from May onwards. 

 

Figure 16. Comparison of expected deaths according to the prediction with deaths recorded in Italy for all causes and for 

COVID-19 from March to September 2020 

From the differences between the curve of deaths from all causes and the curve of expected deaths according to the 

prediction of the SARIMA model, was obtained the curve of excess deaths recorded in Italy from March to September 

2020. Figure 17 shows the comparison between the curve of estimated excess deaths (average and maximum value) 

and the official COVID-19 deaths’ curve. 

 

Figure 17. Estimate of excess deaths compared with officially registered COVID-19 deaths from March 2020 to September 2020 

Again, a greater difference was found in March and April. This shows that probably in those months, due to the 

sudden arrival of the Coronavirus which caught the facilities and health personnel unprepared, many COVID-19 

deaths were not recorded. In fact, in those months, as Figure 18 shows, was recorded a greater concentration of 

unrecorded COVID-19 deaths. Over the months, following the implementation of the government plan to combat the 

pandemic and the arrival of summer temperatures that limited the spread of the virus, COVID-19 deaths have 

decreased since May a decrease also in the evolution of estimates of the unrecorded COVID-19 deaths. 
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Figure 18. Trend of estimated unrecorded COVID-19 deaths in Italy 

Ultimately, the analysis revealed that in Italy the mean value of deaths expected for the months from March to 

September 2020, under normal condition and based on the predictive model applied id 363.891 deaths up to a 

minimum of 289.426 deaths. In the same period, 410.899 deaths were observed and officially registered by ISTAT. 

Through the EED metric, the mean and maximum estimated value of the excess deaths for the period March-

September 2020 was calculated, which resulted in a mean value of 47.008 deaths, up to a maximum value of 121.473 

deaths. This means that compared to what was expected under normal conditions, there were on mean 47.008 excess 

deaths due to the pandemic, up to a maximum of 121.473 deaths. Officially in Italy, have been attributed 35.865 

COVI-19 deaths in the months from March to September. Therefore, through the UED metric, the unrecorded 

COVID-19 death amounted to a mean value of 11.143 up to a maximum of 85.608 deaths. 

Table 4. Results obtained from the analysis of Italian deaths (reference period March-September 2020) 

 

6.2. Analysis of the Italian’s Regions 

In addition to the national level, the method discussed was also applied to the regional time series. Table 5 details 

the regional models applied, and the related accuracy metrics calculated. 

Table 5. Regional models and accuracy metrics 
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Through the prediction obtained from the models it was possible to carry out a complete analysis for each region by 

calculating the EED and the UED metrics for each of them. 

Table 6. Results obtained from the analysis of the deaths recorded in each Italian’s regions (reference period March-

September 2020) 

 

The first column shows for each region the number of total deaths recorded as reported by ISTAT in the months 

from March to September 2020, subsequently the mean and minimum value of the expected deaths in the regions for 

the same period in normal conditions according to the predictive model used. From the difference of the first two 

columns, the EED metric was determined which measures the estimate of the number of excess deaths (mean and 

maximum value) referring to the period March-September 2020. Subtracting from the latter, the value reported in the 

column of COVID-19 confirmed deaths in each region for the same period, the UED metric (mean and maximum 

value), was calculated which measures, for each region, the estimated number of unrecorded COVID-19 deaths from 

March 2020 to September 2020. A negative value of the metrics, as recorded in some regions such as: Campania, 

Lazio, Umbria, and Basilicata, means that fewer deaths were recorded in the months analyzed than those predicted. In 

fact, there are regions of central and southern Italy that in the phase of pandemic analysis were less affected by the 

COVID-19 virus. 

In first place, the region in which a greater number of unrecorded COVID-19 deaths have been estimated, is 

Lombardy, with a mean estimate of 8.481 unrecorded deaths, up to a maximum of 18.550 deaths. In fact, the region 

that has been drastically affected by the spread of the pandemic since the beginning has recorded the highest number 

of COVID-19 deaths. Following are neighboring regions Piedmont and Emilia Romagna and some regions of 

Southern Italy such as Puglia and Sicily, regions that in March 2020 were most affected by the return of workers and 

students, giving way to a real “exodus” from Northern Italy. On the other hand, the regions with a lower population 

density such as Valle d’Aosta and Molise are in the last places, which consequently recorded lower numbers of deaths. 
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Figure 19. Histogram of the calculated mean estimates of unrecorded COVID-19 deaths in the Italian’s regions. Negative 

values are present in cases where the values of officially registered COVID-19 deaths exceeds the mean value of excess 

deaths estimated for the region. 

 

Figure 20. Histogram of the calculated maximum estimates of unrecorded COVID-19 deaths for the Italian’s regions 

6.3. Analysis of European Nations 

The study was also applied to some European nations, including the United Kingdom, to determine a comparison 

between the different areas of the Union. Table 7 shows the predictive models applied and calculated accuracy 

metrics. 

Table 7. Models and accuracy metrics of the analysed nations 
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Table 8 shows the results obtained for each country in references to the period March-September 2020. 

Table 8. Results obtained from the analysis of the deaths recorded for each country (reference period March-September 2020) 

 

At the top it is located the United Kingdom with a mean estimate of unrecorded COVID-19 deaths of 29.005 for up 

to 111.486 value. Following are Germany, Italy, Spain, and France. At the bottom of the list are Greece and Belgium 

with maximum estimates of unrecorded deaths of 12.609 deaths and 11.713 deaths. Some nations repost a negative 

mean estimate of COVID-19 deaths, this means that the value of officially registered deaths for COVID-19 exceeds 

the mean value of excess deaths (Figures 21 and 22). 

 

Figure 21. Histogram of calculated mean estimates of unrecorded COVID-19 deaths of the nations surveyed. Negative 

values are present in cases where the value of officially registered COVID-19 deaths exceeds the mean value of excess deaths 

estimated for the nation. 

 

Figure 22. Histogram of calculated maximum estimates of unrecorded COVID-19 deaths in the nations surveyed 
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7. Conclusions 

Even today, after more than a year from the start of the pandemic Italy, like the rest of Europe and the world, still 

finds itself having to fight an invisible enemy that has caused millions of dead around the world. The whole society, to 

be able to reduce the circulation of the virus, is still forced to make numerous sacrifices that have gradually led the 

nation to force, in addition to the health emergency, also an economic and social crisis. The analysis carried out was 

able to demonstrate the existence of a discrepancy between the excessive number of deaths recorded for all causes and 

those declared for COVID-19, the first two months (March and April) in which it occurred the pandemic, highlighting 

a fair number of cases of unrecorded COVID-19 deaths. This makes us reflect on what could be the real figure to be 

attributed to the deaths caused by the virus.  

The limitations produced by the study, such as the confidence in the data provided and the predictive models 

applied, should also be considered. A limitation is also given by that all excess deaths are considered unrecorded 

COVID-19 deaths. There is also the possibility that a percentage may be made up of deaths caused indirectly by the 

virus, but potentially resulting from the decrease in routine diagnosis and treatment of other conditions due to the 

health emergency or other causes not necessarily related to the spread of the virus.  

An interesting in-depth analysis could be given by extending the entire analysis up to the current year, to be able to 

compare the results obtained from this analysis, relating to the initial phases of the pandemic that found an unprepared 

system, with those produced in the subsequent phases in which methods have been devised to counter it. The objective 

could be to evaluate if and to what extent there are differences in the level of unrecorded COVID-19 cases and to 

evaluate how much the applied methods have produced beneficial effects on the spread of the virus. It would also be 

interesting to analyze the trend of deaths recorded from flu pneumonia and other causes (not necessarily related to the 

symptoms of COVID-19) related to the pandemic period to be able to ascertain in more precise and detailed way how 

the arrival of the Coronavirus influenced the increase in deaths in 2020 in relation to the number of unrecorded deaths 

found. 
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