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ABSTRACT

INTRODUCTION: during 2020, Italy was one of the first na-
tion hit by SARS-CoV-2, but it was not the hardest-hit coun-
try in terms of deaths. In absence of the death certificate, the
burden of COVID-19 on mortality is usually calculated from
overall deaths or from deaths of patients tested positive for
COVID-19. However, these measures do not express the real
burden of the disease on the population.

OBJECTIVES: identify deaths due to or involving COVID-19
in absence of the death certificates.

DESIGN: deaths for all causes, cause-specific deaths,
COVID-19 hospitalization and COVID-19 confirmed cases
between 01.01.2020 and 31.12.2021 observed in subjects
residing in the territory of the ATS of Milan. Potential deaths
due to or involving COVID-19 as those occurring in an optimal
time period between the date of death and the date of pos-
itive swab and/or COVID-19 hospitalization, were identified.
Optimal time period was defined maximizing sensitivity and
specificity, comparing potential COVID-19 deaths with 2020
cause-specific mortality as gold standard, stratifying results by
time of deaths, age, and number of comorbidities. Then, this
method was further validated using a time-series approach to
estimate the excess mortality during the COVID-19 outbreak
in comparison with the pre-outbreak period 2015-2019. Ac-
curacy of predictions was evaluated with the Root Mean
Square Error (RMSE) between observed and predicted values.
SETTING AND PARTICIPANTS: 78,202 deaths for all causes,
of which 8,815 due to or involving COVID-19 as classified by
the Milan Register of Death Causes for 2020.

MAIN OUTCOME MEASURES: all-cause mortality, cause-spe-
cific mortality.

RESULTS: from the beginning of the epidemic, 30% (23,495)
died in the first semester of 2020, 26% (19,988) in the
second semester of 2020, 23% (18,189) in the first semester
of 2021, and 21% (16,530) in the second semester of 2021.
COVID-19 hospitalizations were 13.826 (17%), while con-
firmed COVID-19 cases were 17,548 (22%). The optimal
time intervals capable to identify a potential death due to or
involving COVID-19 were 0-61 between the date of death
and the date of positive swab and 0-11 between the date
of death and the date of COVID-19 hospitalization, with an
overall sensitivity of 90%, a specificity of 95%, and a RMSE
of 3.6. Comparing the method proposed with the time-ser-
ies approach, a RMSE in 2021 of 15.8 was found. Results
showed different optimal time intervals for 2021 vs 2020
and by years of age and comorbidities.

CONCLUSIONS: this study found that deaths due to or in-
volving COVID-19 could be sensitively identified from the
date of positive swab and/or COVID-19 hospitalization. This
method can be used for public health interventions which

WHAT IS ALREADY KNOWN

H In 2020, Italy reported 77,165 deaths of patients tested
positive for COVID-19 over 746,146 deaths for all-cause,
with an overall excess of 15.6% compared to 2015-2019.
B However, these numbers are underestimated compa-
red to reality, especially in the first wave of the epidemic
characterized by limited testing capacity where the num-
ber of confirmed cases were seriously underestimated.
B A report from the Italian National Health Institute and
the Italian National Institute of Statistics reported that me-
dian time between death and a positive swab is of 12 days
and that 89% of deaths of patients tested positive for CO-
VID-19 happened within 30 days from a positive swab.

WHAT THIS STUDY ADDS

B This study proposes a method capable to identify whe-
ther a death is attributable to COVID-19 before the death
certificate is available. Usual methods do not permit to
evaluate deaths individually, but rather the excess attri-
butable to COVID-19 calculating the difference between
overall mortality and expected deaths as arising from the
same process of the pre-outbreak period.

B This study found that defining a potential COVID-19
death as that occurring at most 61 days from a positi-
ve swab and/or 11 days from a COVID-19 hospitalization
permits to correctly classify 90% COVID-19 deaths. Inclu-
ding COVID-19 hospitalization in the algorithm, the sen-
sitivity was increased by 4%.

B In the first semester of 2020, there was a peak attri-
butable to chronic ischaemic heart disease, malignant ne-
oplasm of bronchus and lung, pneumonia, complications
and ill-defined descriptions of heart disease, other chro-
nic obstructive pulmonary disease, unspecified dementia
and Alzheimer disease that were actually related to CO-
VID-19 as from the time series approach.

provided so far measures in terms of total deaths instead
of real numbers of COVID-19 death, in particular those in-
volving the effective reproduction number usually calculated
from overall mortality.

Keywords: COVID-19, excess mortality, sensitivity, specificity
|

RIASSUNTO

INTRODUZIONE: nel corso del 2020, I'ltalia & stata una delle
prime nazioni colpite dal virus SARS-CoV-2, ma non e stato
il Paese piu colpito in termini di decessi. In assenza del certi-
ficato di morte, il carico della pandemia sulla mortalita & so-
litamente calcolato a partire dalla mortalita generale o dai
decessi avvenuti in pazienti diagnosticati con COVID-19. Tut-
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tavia, queste misure non esprimono il carico reale della ma-
lattia sulla popolazione.

OBIETTIVI: identificare in anticipo i decessi riconducibili a
COVID-19 in assenza del certificato di morte.

DISEGNO: sono stati raccolti i decessi per tutte le cause e spe-
cifici per causa, i ricoveri per COVID-19 e i casi positivi alla ma-
lattia trail 01.01.2020 e il 31.12.2021 osservati in soggetti re-
sidenti nel territorio dell’ATS di Milano. Sono stati identificati
i decessi potenziali riconducibili al COVID-19 come quelli che
si sono verificati in una finestra temporale tra la data del de-
cesso e la data del tampone positivo e/o del ricovero per CO-
VID-19. La finestra temporale ottimale & stata definita massi-
mizzando la sensibilita e la specificita, confrontando i decessi
potenziali con la mortalita per causa del 2020 come gold stan-
dard, i risultati sono stati stratificati per periodo di decesso,
eta e numero di comorbidita. Questo metodo é stato ulterior-
mente convalidato utilizzando un approccio di serie tempo-
rali per stimare la mortalita in eccesso durante I'epidemia di
COVID-19 rispetto al periodo pre-epidemico 2015-2019. L'ac-
curatezza delle previsioni e stata valutata con il Root Mean
Square Error (RMSE) tra i valori osservati e quelli previsti.
SETTING E PARTECIPANTI: 78.202 decessi per tutte le cau-
se, di cui 8.815 riconducibili al COVID-19 classificati dal Regi-
stro delle cause di morte di Milano per I'anno 2020.
PRINCIPALI MISURE DI OUTCOME: mortalita per tutte le
cause, mortalita specifica per causa.

INTRODUCTION

During 2020, Italy was one of the first nation hit by the
SARS-CoV-2 virus.! However, it was not the hardest-hit
country in terms of deaths: Italy reported 74,159 deaths
of patents tested positive for COVID-192 with a max-
imum z-score in the first wave of 15.81, followed by Neth-
erlands, Belgium, France, UK, and finally Spain (the most
hit European country in terms of deaths).3 However, these
numbers are underestimated compared to reality, as they
are calculated from deaths of patients tested positive for
COVID-19,4 especially in the first wave of the epidemic
characterized by limited testing capacity where the num-
ber of positive subjects (233,019 according to official stat-
istics)2 were seriously underestimated.> Modi and col-
leagues® found that the number of COVID-19 deaths in
Italy in 2020 until 9th September varied between 59,000
and 62,000, much bigger than official numbers of 36,000
deaths.2

For this reason, overall excess mortality has been chosen
by the World Health Organization as a proxy of COV-
ID-19-related mortality, excess cases were calculated com-
paring the total number of deaths (746,146 in 2020 com-
pared to 645,620 in 2019 in Italy according to the Italian
National Health Institute — ISS) during COVID-19 pan-
demic with previous years.”-10 All-cause mortality excesses
had a natural spatial and temporal heterogeneity with a

RISULTATI: dall'inizio dell'epidemia, il 30% (23.495) delle
persone incluse nello studio & morto nel primo semestre del
2020, il 26% (19.988) nel secondo semestre del 2020, il 23%
(18.189) nel primo semestre del 2021 e il 21% (16.530) nel
secondo semestre del 2021. | ricoveri per COVID-19 sono stati
13.826 (17%), mentre i casi confermati di COVID-19 sono stati
17.548 (22%). Le finestre temporali ottimali in grado di identi-
ficare i decessi potenziali riconducibili al COVID-19 erano 0-61
tra la data del decesso e la data del tampone positivo e 0-11
tra la data del decesso e la data di ricovero per COVID-19, con
una sensibilita complessiva del 90%, una specificita del 95%
e un RMSE di 3,6. Confrontando il metodo proposto con I'ap-
proccio delle serie temporali, & stato trovato un RMSE nel 2021
di 15,8. [ risultati hanno mostrato finestre temporali differen-
ti nel 2021 rispetto al 2020 per eta e numero di comorbidita.

CONCLUSIONI: in questo lavoro, e stato riscontrato che i de-
cessi riconducibili al COVID-19 potrebbero essere sensibil-
mente identificati a partire dalla data di positivita del tampo-
ne e/o di ricovero per COVID-19. Questo metodo pud essere
utilizzato per interventi in sanita pubblica che finora hanno
fornito misure in termini di decessi totali, anziché di decessi
realmente riconducibili al COVID-19, in particolare quelli che
coinvolgono I'indice di contagio Rt solitamente calcolato dal-
la mortalita complessiva.

Parole chiave: COVID-19, eccesso di mortalita, sensibilita, specificita.

peak for Iralian Northern regions in 2020 (overall excess
15,6% vs 24,6% in Northern regions and 7.7% in South-
ern regions) and a more marked trend in the Southern re-
gions in 2021 (overall excess 9.8% vs 8.2% in Northern re-
gions and 13% in Southern regions).8 In the provinces of
Milan and Lodi — area covered by the Agency for Health
Protection (ATS) of Milan, Lombardy region — from Janu-
ary to April 2020, researchers observed a total number of
death of 17,959 with an excess of 49% compared to pre-
vious years.?

The ‘natural’ solution would be to timely classify the un-
derlying cause of death from the local/national registries,
but this process has an inevitable delayed time that depends
on various reason: registration delay, staff availability, tim-
ing between processing the information, and forwarding
to the agency responsible for compiling data. The median
time between a death occurring and being registered (re-
gistration delay) in England and Wales increased from four
days in 2019 to five days in 2020; this could be explained
by an increase in the number of registered deaths (530,841
in 2019 and 607,922 in 2020).11

To date, the law imposes the notification of the death
causes within 2 years from death,12 but, in order to
quickly provide epidemiological and health-related in-
formation, a shorter time period would be desired. One
of the six aims of the Italian Recovery and Resilience
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Plan!3 is the digitalization of the Italian National Health
System and; in particular, the digitalization of the death
causes directly by certifying doctors is at the attention of
the privacy guarantor.l4 However, we are very far from
the aimed digitalization.

United Kingdom provides, from the beginning of the epi-
demic, the daily numbers of deaths of people whose death
certificate mentioned COVID-19 as one of the causes and
deaths within 28 days of positive test which amount to
186,094 and 164,454, respectively (the second is 88% of
the first).15 Both these numbers might be underestimated if:
1. deaths that should have been attributed to COVID-19
were not tested and identified;16-18

2. limited testing capacity. As previously asserted, likely
situations happened in the first wave of COVID-19 (where
the Italian Institute of Statistics — Istat — and the Italian
Ministry of Health estimated, by a seroprevalence survey,
that the ratio between notified and real cases was at least of
1 to 6), but also in periods of scarce testing inclination of
the population.

Lacking timely classification of the underlying cause of
deaths, there was the need to choose methods which allow
to timely identify deaths due to or involving COVID-19
in absence of the death certificates. This paper proposes a
method to select the best time interval between the date of
deaths and the date of positive swab and/or COVID-19
hospitalization, validating this method by time-series
analysis. This would be fundamental for public health in-
terventions which provided so far public health measures
in terms of total deaths instead of real numbers of deaths
due to or involving COVID-19.

METHODS

SETTINGS AND PARTICIPANTS

Data collected included deaths for all causes between
01.01.2020 and 31.12.2021 observed in subjects resid-
ing in the territory of the ATS of Milan, which covers
193 municipalities in the Lombardy Region (Northern
Italy), with a total population of 3.48 million inhabit-
ants. Deaths were retrieved form the database of the of-
fice of vital statistics of the residents in the city of Milan
and from the New Regional Register (Nuova Anagrafe Re-
gionale, NAR) which registers all residents and healthcare
users of the 193 municipalities of the ATS of Milan.19
The underlying cause of death was collected from the local
Register of Causes of Death (ReNCaM) of the ATS of
Milan; deaths due to or involving COVID-19 were clas-
sified according to the ICD-10 codes U071 and U072.4
To be more conservative as possible, both the principal
and the secondary causes of death were considered. The
term “due to COVID-19” was used when referring only
to deaths where COVID-19 were recorded as the under-
lying cause of death, “involving COVID-19” was used

when referring to dead people that had COVID-19 men-
tioned anywhere on the death certificate, whether as
an underlying cause or not.20 ReNCaM of the ATS of
Milan completely classified, in ICD-10 codes, all deaths
happened in 2020 and started to classify deaths happened
in 2021.

Hospitalizations due to COVID-19 were identified form
the administrative data flows, updated at December 2021,
as from ICD-9 codes 043, 0431, 0432, 0433, 4804, 5189,
5197, 04311, 04312, 04321, 04322, 04331, 04332,
48041, 48042, 51891, 51892, 51971, 51972, V0185,
V0700, V0708, V1204, V7184.21 Additional information
on hospitalizations of patients with COVID-19 were de-
rived from a specific daily data flow instituted by the Lom-
bardy Region from the beginning of the epidemic.
Confirmed cases and date of first positive swab were collec-
ted from a web-based platform, specifically developed since
the beginning of the outbreak, to trace positive and negative
cases as well as related contacts. A confirmed-case is defined
as a person with a real-time polymerase chain reaction (RT-
PCR) positive result, irrespective of clinical signs and symp-
toms.22 In this study, only the first positivization was con-
sidered, without considering any reinfections.

There were few notification errors in the administrative
databases resulting in positive swabs or hospitalizations
posterior to death: patients characterized by this problem
have been considered as negative subjects and/or subjects
with no hospitalizations.

IDENTIFICATION OF POTENTIAL DEATHS

DUE TO OR INVOLVING COVID-19

This study proposes a method to identify potendial
deaths due to or involving COVID-19, in absence of
the death certificate. Validation was carried out compar-
ing potential COVID-19 deaths with those due to or in-
volving COVID-19 as from ReNCaM (hereafter called
‘COVID-19 related deaths’). In order to identify potential
COVID-19 deaths:

1. the time interval between the date of positive swab and
date of death and between the date of hospitalization due
to COVID-19 and of death were calculated;

2. a potential COVID-19 death was defined as one fall-
ing in a specific time period, i.e., k-days before death,
separately for positive swab and hospitalization date;

3. k was made varying between all possible values;

4. the optimal time period which maximize the Youden
index23 by comparing potential COVID-19 deaths with
COVID-19 related deaths was calculated.

It was chosen to directly maximize the Youden index as a
composite measure of both sensitivity and specificity. Given
that there were numerous optimal time periods which max-
imized this index, the choice was to select the smallest time
period capable to maximize the Youden index.
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Optimal time windows were calculated also stratifying
the cohort by:

B time of deaths: 2020-2021, 2020 alone, 2021 alone,
first semester of 2020, and second semester of 2020;

W age: 0-49, 50-64, 65-79, 80+ years of age;

B number of comorbidities: 0, 1, 2+.

Accuracy of predictions was evaluated with the Root
Mean Square Error (RMSE) between observed and pre-
dicted values which express estimation errors in the same
unit of the outcome. The RMSE was chosen in place of
the usual Mean Absolute Percentage Error for Poisson
data, because small number of deaths will significantly
impact MAPE leading to skewed distributions.24

SENSITIVITY ANALYSIS

To evaluate the method proposed, a time-series approach
was used to estimate the excess mortality during the
COVID-19 outbreak in comparison with the pre-out-
break period 2015-2019. The COVID-19 epidemic has
driven a global reduction in influenza incidence, both
in 2020 and 2021, mostly because viral circulation were
limited by behavioural changes (social distancing, mask
wearing, and hygiene measures) and travel and movement
restrictions.25 For this reason, deaths due to or involving
Influenza and Pneumonia (ICD-10 codes J10-J17) were
removed from overall mortality between 2015-2019.20
A quasi-Poisson regression model was used (dispersion
parameter in the data was 1.33):26,27

In [E(Z)] = & + dow + b (day of the year, 2) + b2 (T}, 2)

where:

Zy is the number of deaths (all-cause mortality not due
to or not involving Influenza and Pneumonia) on day #
dow is a dummy indicator for the day of the week (to con-
trol for weekly variation in mortality).

To deal with time-varying confounders, it was included
a natural cubic spline with 2 df for day of the year (/)
and a natural cubic spline with 2 df for temperature (4).
Daily mean temperature was collected from 1 monitor-
ing stations located in the centre of the city of Milan. To
avoid misalignment in the time series, 29th of February of
leap years was removed. Df have been chosen with k-fold
cross validation28 minimizing the RMSE in test sets. A
linear term for date to control for long-term trends has
been evaluated, but it was not included in the model,
because it resulted in worst diagnostics than the selec-
ted model. Diagnostics of the final model included plots
of model residuals, observed vs fitted values, autocorrel-
ation (ACF) and partial autocorrelation (PACF) func-
tion of the residuals to determine adequate adjustment
for seasonal trends, and k-fold cross validation to evalu-
ate overfitting.

ACF and PACF of the selected model showed moder-
ate correlation among residuals up to 6 days of lag (see
Figure S1, online Supplementary Materials), which high-
lighted the need for an autoregressive component in the
model26:27.29 (autocorrelation between residuals signific-
antly improved after including an autoregressive com-
ponent) (Figure S2). However, this would not be math-
ematically feasible with the aim of this study to estimate
2020-2021 excess deaths as of 2015-2019 and, for this
reason, no autoregressive terms in the model were in-
cluded. Firstly, the parameters were estimated in the
2015-2019 set, then the outcome in 2020-2021 was pre-
dicted, and the number of excess deaths calculated as the
difference between observed and predicted values.
Finally, the effective reproduction number (R, at 14 days)
was calculated from daily overall mortality and from po-
tential COVID-19 deaths.30 These public health meas-
ures, usually calculated on confirmed cases, are considered
fundamental to calculate the effective reproduction num-
ber as independent from testing strategies.3!

Dataset extraction, calculation of sensitivity, specificity,
and Youden Index were performed with SAS software
by programming ad hoc macro functions. RMSE, time
series analysis, and the quasi-Poisson regression model
(using the function glm) were performed with R software
(V.4.0.2; R Core Team, Vienna, Austria).

RESULTS

Between 01.01.2020 and 31.12.2021, 78,202 deaths were
observed for all causes in residents in the ATS of Milan,
of which 48% (37,848) was males and 86% (67,487) was
older than 70 years of age (Table 1). From the beginning
of the epidemic, 30% (23,495) died in the first semester
0f 2020 (containing the first wave of the epidemic), 26%
(19,988) in the second semester of 2020 (containing second
wave of the epidemic), 23% (18,189) in the first semester
of 2021 (containing the third wave of the epidemic), and
21% (16,530) in the second semester of 2021 (containing
the fourth wave of the epidemic). Among 43,483 deaths in
2020, 100% were classified in ReNCaM, of which 8,815
(20%) due to COVID-19. Among 34,719 deaths in 2021,
about 23% (7,905) were classified in ReNCaM, of which
94% happened in the first semester of 2021. Among sub-
jects who died during follow-up, COVID-19 hospitaliz-
ations in 2020 and 2021 were, respectively, 7,831 (18%)
and 5,995 (17%), while confirmed COVID-19 cases were
9,945 (23%) and 7,603 (22%).

There were 106 padents with positive swabs (among
17,548) and 44 patents with hospitalization (among
13,826) postetior to death which have been considered as
negative subjects and/or subjects with no hospitalizations.
Minimum and maximum time interval between the date
of positive swab and date of death were [0-531], ROC
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curve for all possible values is described in Figure S3 (for
simplicity, only the time intervals between 0 and 100 were
plotted). Increasing the time interval will increase the sens-
itivity of the test, the ability of a test to correctly identify
those who actually died due to or involving COVID-19,
but will decrease specificity, the ability of the test to cor-
rectly identify those who do not died due to or involving
COVID-19. Sensitivity varied between 0% and 88%,
while specificity varied between 95% and 99%. Given that
sensitivity did not improve considerably above 60 days of
lag, the optimal time interval was considered as the one be-
low 60 days of lag which maximize sensitivity, specificity,
and Youden index. The optimal time interval was 0-61
with a sensitivity of 86% and a specificity of 96%, i.c., de-
fining a potential COVID-19 death as that occurring at
most 61 days from a positive swab, 86% COVID-19-re-
lated deaths was correctly classified.

Minimum and maximum time interval between the date
of hospitalization due to COVID-19 and of death were [0-
510], ROC curve for all possible values is described in Fig-
ure S4. Again, increasing the time interval will increase the
sensitivity of the test, but will decrease specificity. Hospit-
alization due to COVID-19 alone is a weaker marker of
death than positive swabs with sensitivity varying between
0% and 74% and specificity varying between 96% and
99%. The optimal time interval was 0-11 with a sensitiv-
ity of 73% and a specificity of 97%, i.e., defining a poten-
tial COVID-19 death as that occurring at most 11 days
from a COVID-19 hospitalization, 73% COVID-19-re-
lated deaths was correctly classified. Combining the time
periods selected above, a potential COVID-19 death was
defined as death occurring at most 61 days from a pos-
itive swab or 11 days from a COVID-19 hospitalization
with an overall sensitivity of 90% and a specificity of 95%.
Weekly moving average of daily COVID-19-related deaths
and potential COVID-19 deaths are represented in Figure
1 (weekly moving average of daily COVID-19-not-related
deaths and potentially not due to or involving COVID-19
are represented in Figure S5). RMSE were 3.6 for both
deaths due to or involving COVID-19 and for deaths not
due to COVID-19.

Stratifying the cohort by time of death (Table 2), it was
found a smaller optimal time interval, according to pos-
itivization, in 2020 compared to 2021 (66 vs 88 days
from a positive swab), but a higher optimal time in-
terval, according to hospitalization (16 vs 3 days from
a COVID-19 hospitalization). Optimal time inter-
val, according to positivization, increased with age, ex-
cept among subjects with 80+ years of age which resul-
ted comparable to the overall cohort. On the other hand,
optimal time interval, according to hospitalization, was
considerably smaller (around 3 or 4 days) for subjects
with comorbidities.

CHARACTERISTICS

DEATHS FOR ALL CAUSES
(N. 78,202)

%
Sex
Male 37,848 48
Age (years)
0-49 1,666
50-64 5,401
65-79 18,599 24
80+ 52,536 67
Number of comorbidities
0 8,929 11
1 64,330 83
>2 4,943 6
Epidemic Period
01 o T E
oL EE
O EE
(ncludes fourth wave) 16530 | 21
Deaths for all causes
2020 43,483 56
2021 34,719 44
Deaths classified in ReNCaM
2020 43,483 100
2021 7,905 15
COVID-19 deaths classified in ReNCaM
2020 8,815 20
2021 1,306 17
Hospitalizations due to COVID-19
2020 7,831 18
2021 5,995 17
COVID-19 cases
2020 9,945 23
2021 7,603 22
Estimated deaths as of 2015-2019
2020* 33,167 50
2021 33,176 50
Excess deaths as of 2015-2019
2020* 10,209 31
2021 1,543 5
Time period range between death and positive swab
min-max ‘ [0-531] ‘ -
Time period range between death and hospitalization
min-max ‘ [0-510] ‘ -

* To avoid misalignment in the time series, 29th of February of leap years (amounting to
100 deaths in 2020) was removed. / Per evitare disallineamenti nelle serie temporali, il 29
febbraio degli anni bisestili (per un totale di 100 decessi nel 2020) non é stato considerato.

Table 1. Descriptive statistics of death for all causes between 01.01.2020 and
31.12.2021 in residents in the ATS of Milan.

Tabella 1. Statistiche descrittive dei decessi per tutte le cause avvenuti fra il
01.01.2020 e il 31.12.2021 nei residenti dell’ATS di Milano.
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TIME OF DEATH OPTIMAL  SENSI- SPECIFI- YOU-
TIME TIVITY CITY DEN
INTERVAL INDEX
2020-2021 0-61,0-11 0.90 0.95 0.86
2020 0-66,0-16 0.90 0.95 0.85
1th semester of 2020 | 0-62;0-20 0.87 0.95 0.82
2nd semester of 2020 | 0-59;0-13 0.93 0.96 0.89
2021 0-88;0-3 0.96 0.93 0.89
Age
0-49 0-55;0-10 0.86 0.98 0.84
50-64 0-78,;0-12 0.93 0.96 0.89
65-79 0-84,0-3 0.94 0.95 0.88
80+ 0-55;0-15 0.89 0.95 0.84
Comorbidities
0 0-76,0-16 0.87 0.95 0.83
1 0-61,0-3 0.91 0.95 0.86
2+ 0-75,0-4 0.89 0.96 0.85

Table 2. Optimal time intervals, according to positivization and hospitalization,
by time of death, age, and comorbidity.
Tabella 2. Intervalli temporali ottimali, secondo la positivizzazione o il ricovero,
per data di decesso, eta e comorbitita.

In the first semester of 2020, an abnormal peak of COV-
ID-19-not-related deaths was found (Figure S5), where
the most prevalent ICD-10 codes were: chronic ischaemic
heart disease, malignant neoplasm of bronchus and lung,
pneumonia (organism unspecified), complications and ill-
defined descriptions of heart disease, other chronic ob-
structive pulmonary disease, unspecified dementia and
Alzheimer disease.

To evaluate the proposed method, a time-series ap-
proach was used to estimate the excess mortality during
the COVID-19 outbreak in comparison with the pre-out-
break period 2015-2019. During 2015-2019, 166,866
deaths for all cause were observed in residents in the ATS
of Milan, 33,373 on average per year, of which 491 dues
to or involving Influenza or Pneumonia. Estimated deaths
as of 2015-2019 would be, in a counterfactual situation
where COVID-19 had not happened, 33,167 (-31% than
observed) in 2020 and 33,176 (-5% than observed) in
2021 (Table 1). Figure 2 provides the time series of daily
COVID-19-related deaths, estimated deaths as of 2015-
2019, and excess deaths as of 2015-2019 for the year 2020.
Figure 2 shows that the abnormal peak found in the first
semester of 2020, not directly attributable to COVID-19
as from ICD-10 cause, seems actually attributable to
COVID-19 according to the time-series approach chosen
in this study. The same happened at the beginning of the
second wave of 2020.

Figure 3 provides the weekly moving average of po-
tential COVID-19 deaths, potential not-COVID-19
deaths, estimated deaths as of 2015-2019 and excess

deaths as of 2015-2019 for the year 2021. The trends,
potential COVID-19 deaths vs excess deaths and poten-
tial not-COVID-19 deaths vs estimated deaths, are sim-
ilar whichever of the two methods proposed is chosen.
RMSE were 15.8 for both potential COVID-19 deaths
vs excess deaths and potential deaths not due to or in-
volving COVID-19 vs estimated deaths.

Figure 4 represents the effective reproduction num-
ber (R,) by time of death calculated from overall mor-
tality, from potential COVID-19 deaths, and the num-
ber of potential COVID-19 deaths. The R; trends are
quite different from each other and the ones calculated
from potential COVID-19 deaths showed considerable
confidence intervals in specific periods of the epidemic
characterized by low number of deaths. However, it in-
creases with the numbers of potential COVID-19 deaths
and suggests additional periods of an uncontrolled level
of the epidemic that are not highlighted by the one cal-
culated from overall mortality; for example, in December
2021, where the number of confirmed cases increased ex-
ponentially in contrast with deaths for all causes.

DISCUSSION

This study aims at propose a method to identify deaths due
to or involving COVID-19 in absence of the death certi-
ficates by selecting the best time interval between the date
of deaths and the date of positive swab and/or COVID-19
hospitalization. ISS defines deaths due to COVID-19
as those occurring in confirmed positive patients, in pa-
tients with specific COVID-19 symptoms, in absence of
other causes different from the disease and of clinical re-
covery period.4 A report form ISS and Istat reported that
median time between death and a positive swab is 12
days and that 89% of deaths of patients tested positive
for COVID-19 happened within 30 days from a positive
swab.8 Here, 86% of COVID-19 deaths was found to have
happened within 61 days from a positive swab and that
73% of COVID-19 deaths have happened within 11 days
from a COVID-19 hospitalization. The major distinction
of these results could be attributed to the different defin-
itions of COVID-19: Istat considers only deaths due to
COVID-19, while the aim of the present study was to eval-
uate deaths due to or involving COVID-19. The manage-
ment of all deaths attributable to COVID-19, so not only
those due to COVID-19, could therefore have lengthened
the window between the date of swab and the date of
death. Combining the time periods, an overall sensitivity
of 90% and a specificity of 95% were obtained, with an
increase of 4% in sensitivity including the information on
hospitalization versus a decrease of only 1% in specificity.
The proposed method aimed to individually identify
whether a death was attributable to COVID-19 before
the death certificate is available. Usual methods do not
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Figure 1. Weekly moving average of daily COVID-19-related deaths and potentially due to COVID-19 (occurring at most 61 days from a positive swab or 11 days from a

COVID-19 hospitalization).
Figura 1. Media mobile settimanale dei decessi giornalieri dovuti a COVID-19 e potenzialmente dovuti a COVID-19 (occorsi al massimo a 61 giorni dal tampone positivo

0 11 giorni dalla data di ricovero per COVID-19).
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Figure 2. Weekly moving average of daily COVID-19-related deaths, estimated deaths as of 2015-2019, and excess deaths as of 2015-2019 for the year 2020.
Figura 2. Media mobile settimanale dei decessi giornalieri dovuti a COVID-19, decessi stimati rispetto al periodo 2015-2019 ed eccessi di mortalita rispetto al 2015-

2019 per I'anno 2020.
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Figure 3. Weekly moving average of potential COVID-19 deaths, potential not-COVID-19 deaths, estimated deaths as of 2015-2019, and excess deaths as of 2015-

2019 for the year 2021.
Figura 3. Media mobile settimanale dei decessi potenzialmente dovuti a COVID-19, decessi potenzialmente non dovuti a COVID-19, decessi stimati rispetto al periodo

2015-2019 ed eccessi di mortalita rispetto al 2015-2019 per I'anno 2021.
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Figure 4. Effective reproduction number (Ry), by time of death calculated from overall mortality, from potential COVID-19 deaths, and number of potential COVID-19 deaths.
Figura 4. Numero di riproduzione effettiva (Ry), per data del decesso calcolata dalla mortalita totale, dai decessi potenzialmente dovuti a COVID-19 e numero di decessi
potenzialmente dovuti a COVID-19.
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permit to evaluate deaths individually, but only to evalu-
ate the excess attributable to COVID-19 calculating the
difference between overall mortality and expected deaths
as arising from the same process in the pre-outbreak
period.5-7:9:10 The proposed method showed a good fit
in comparing daily COVID-19 related deaths and poten-
tial COVID-19 deaths with an error of around 4 deaths
(small compared to the range of observations [0-129]).
In addition, the proposed method was validated by com-
paring potential COVID-19 deaths with excess deaths
as from 2015-2019, showing a good fit with an error of
around 16 deaths in 2021.

Due to the dynamics of COVID-19, where asympto-
matic cases are not properly tested and limited testing ca-
pacity might underestimate the real burden of the disease,
it is sometimes difficult to calculate the effective repro-
duction number. It has been suggested that overall mor-
tality would be a better indicator than the number of pos-
itive patients as independent from testing strategies.32
However, overall mortality does not evaluate the pressure of
the epidemic on death rates, as they might increase or de-
crease due to other mechanisms different from COVID-19;
for example, for the summer excess in the death rates. This
study shows as effective reproduction number calculated
from overall mortality is quite different from that calcu-
lated from potential COVID-19 deaths, suggesting addi-
tional periods of an uncontrolled level of the epidemic that
might be masked using only overall mortality.

The present study reveals a peak of COVID-19-not-re-
lated deaths in the first wave and at the beginning of the
second wave of the epidemic (which, in contrast, should
be described as COVID-19-related deaths according to the

time-series analysis). These were mostly ascribed as due to
chronic ischaemic heart disease, malignant neoplasm of
bronchus and lung, pneumonia (organism unspecified),
complications and ill-defined descriptions of heart disease,
other chronic obstructive pulmonary disease, unspecified
dementia, and Alzheimer disease. This is indicative of po-
tential delays in diagnosis and/or treatment, but also of a
substantial degree of misclassification in 2020. Asta and col-
leagues!8 found excesses in cause-specific mortality either for
acute and chronic pathologies, which might be ascribed to
misclassification of death causes, as highlighted also by other
authors.33:34 This is, in fact, a potential limitation of this
study, which is based on the specific testing strategy of the
period. This underestimation problem has been completely
solved during the epidemic and the method proposed was
equivalent to the time-series approach. Moreover, consider-
ing also the hospitalization in addition to COVID-19 posit-
ivity, this problem was overcome.

Another limitation of this study is that it was considered the
same time period during the entire course of the epidemic.
According to a report from ISS,35 the median time between
death and a positive swab changed over the course of the epi-
demic, from 7 days during the first wave to 14 days in sum-
mer 2020 and 11 days during the second wave, reflecting in
a reduction in access times to diagnosis and treatment.

In conclusion, here it is proposed a simple, feasible,
low-cost strategy to identify deaths due to or involving
COVID-19 in absence of the death certificates which can
be used as public health measures as an alternative to over-

all mortality.

Conflict of interest: none declared.
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