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Abstract. Background and aim. The Public Health Department of the Parma Local Health Authority (AUSL)
has implemented a computerized system called ADS (Automated Data System) to collect data on COVID-19
cases and related deaths, as required by the Emilia-Romagna Region and the Italian Ministry of Health, to
improve the daily flow of real-time information. However, official mortality data for all causes was collected
even from the National Institute of Statistics (ISTAT) through death forms that were completed by certifying
doctors in each municipality. This analysis aims to verify the agreement between the data collected by ISTAT
and the data collected by ADS. Merhods: The study period went from January 1st to December 31st, 2021. The
population under observation consisted of residents in the province of Parma who died due to COVID-19, as
identified through the ISTAT and/or ADS data flow. Results: In 2021, a total of 448 deaths due to COVID-19
were reported in the Parma Province, with a median age of 83 years. The ADS system identified 408 of these
deaths, whereas ISTAT certified only 347. Three hundred and seven deaths were identified by both flows.
Conclusions: The survey suggests that the ADS surveillance system may have overestimated the COVID-19
mortality data compared to the ISTAT flow. The ADS has been valuable in the immediate response to emer-
gencies, providing a more sensitive system that prioritizes the precautionary principle and enables decisions
aimed at minimizing risks for vulnerable populations. However, it is not recommended for routine surveil-
lance, as it is less reliable compared to the ISTAT flow. (www.actabiomedica.it)
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6,953,483 deaths, reported to WHO. As of 30 June
2023, a total of 13,492,099,754 vaccine doses have

On March 11, 2020, after assessing the levels of ~ been administered (1).

spread and severity of the SARS-CoV-2 infection,
the World Health Organization (WHO) declared the
COVID-19 outbreak a global pandemic.

Globally, as of 24 July 2023, there have been
768,653,968 confirmed cases of COVID-19, including

Italy was the first European country to experi-
ence the intense spread of the SARS-CoV-2 virus.
From 3 January 2020 to 24 July 2023, there have
been 25,912,481 confirmed cases of COVID-19
with 191,012 deaths, reported to WHO, with a peak
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observed in March and April 2020 (2-4). Of these
deaths, 39.26% occurred in 2020, 32.74% in 2021 (a
total of 62,528 deaths, of which about 8,000 were as-
sociated with a diagnosis made in 2020), 24.81% in
2022, and 3.20% in 2023. As of 11 June 2023, a total of
150,317,622 vaccine doses have been administered (5).

In 2021, there was a decrease in the total num-
ber of deaths from all causes compared to the previ-
ous year, although they remained at very high levels:
709,035 deaths, 37 thousand less than in 2020 (-5.0%)
but 63 thousand more than the 2015-2019 average
(+9.8%) (6). With regards to age groups, the increase
in deaths in the population aged 80 and over was the
most significant contributor to the excess mortality of
2021, accounting for 72% of the excess mortality. In
total, 455,170 people aged 80 and over died (about
46 thousand more than the average for the five years
2015-2019). The increase in mortality in the 65-79 age
group explained a further 21% of the excess deaths,
with an increase of over 13 thousand deaths (for a total
0f 177,937 deaths in 2021) compared to the average of
the years 2015-2019 (7).

Monitoring the pandemic at the national and in-
ternational levels is of paramount importance (8-13).
Since the early stages of the COVID-19 pandemic
declaration, the Ministry of Health requested that the
Regional Health Services provide the number of daily
COVID-19-related deaths. To meet this demand, the
Emilia-Romagna Collective Prevention and Public
Health Sector requested the Local Health Authori-
ties (AUSLs - Aziende Unitd Sanitarie Locali) to
provide a daily flow of information regarding the num-
ber of swab tests carried out, COVID-19 cases, and
COVID-19 deaths. To collect these data, the Depart-
ment of Public Health of the AUSL of Parma imple-
mented a real-time computerized system called “ADS”
(Automated Data System). According to this system,
a COVID-19-related death was recorded and commu-
nicated if the patient who died had been currently reg-
istered as a “COVID-19 case” or had a positive swab
at the time of death or was not considered “recovered”.

Alongside this information flow, official mortality
data for all causes have been collected by the Italian
National Institute of Statistics (ISTAT'). These data
were compiled by certifying doctors according to the
International Classification of Diseases — ICD-10

(codes U07.1 or U07.2). In the province of Parma,
ISTAT death certifications were uploaded to the Mor-
tality Register with a delay of at least one month, as
all the certifications of the previous month needed to
be collected first. This explains why the ISTAT flow
could not be used during the COVID-19 health emer-
gency, as it did not provide information on deaths in a
timely enough manner for health management. ADS
was preferred because it was immediate, albeit inevita-
bly less robust. Otherwise, given this organization, it
could be difficult to differentiate deaths likely caused
by COVID-19 (‘due to’) from deaths coinciding with
COVID-19 (‘together with’) (14).

The primary objective of this retrospective obser-
vational study was to verify the concordance between
the ISTAT flow (the official reference for mortality
statistics) and the ADS flow to improve surveillance
and management of the COVID-19 health situation,
as well as future emergent spreading pathogens such as
influenza viruses, through enhancements to the ADS
computerized system.

The second objective was to analyze the charac-
teristics of subjects classified differently by the two re-
porting systems.

Methods

The investigation period for this retrospective
non-interventional study was from January 1st, 2021
to December 31st, 2021. We chose this timeframe be-
cause, at that time, data collection through the ADS
management system was fully operational, allowing us
to collect data in the most reliable possible way. The
data were extracted from weekly records already pre-
sent at AUSL and treated with preventive consultation
from the AUSL Privacy Commissioner.

The study investigated all subjects living in the
province of Parma who died of COVID-19 in 2021,
including (a) those who were registered in the ISTAT
flow but not in the ADS one, (b) those who were regis-
tered in the ADS flow but not in the ISTAT flow, and
(c) those who were registered in both. A total of 448
subjects were investigated.

We examined the computerized surveillance tabs
in the ADS application and collected the following
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data in anonymous records: gender, age, date of death,
COVID-19 vaccination status, the time between
COVID-19 vaccination and death, date of execution
of the latest diagnostic swab, the reason for the execu-
tion of the diagnostic swab, and cause of death accord-
ing to the ISTAT flow. We categorized the variable
“swab’s reason” into the following categories: ER ac-
cess (patient having a swab performed when access-
ing the Emergency Room for symptoms not related
to COVID-19); case contact; hospitalization (patient
having a swab performed while being hospitalized for
reasons other than COVID-19); screening (patient
having a screening swab performed routinely on risk
categories such as health workers), and symptoms (pa-
tient having a swab performed because of symptoms
attributable to COVID-19).

Firstly, we performed a descriptive analysis
of the examined population regarding age, gender,
COVID-19 vaccination status, and causes of death.
We calculated averages, medians, and frequencies as
appropriate. To meet our primary objective, we calcu-
lated the percentage of concordance between the two
flows (the official ISTAT data and the ADS data). To
achieve our secondary objective, we then evaluated the
distribution of the considered variables in the concord-
ant and non-concordant populations. We applied the
Chi-square test for this comparison, with a significance
level of 5%. All the data used for the analysis were pre-
viously anonymized and aggregated. We conducted all
statistical analyses using IBM SPSS 28.0.

Results

The characteristics of the study population are
shown in Table 1: 208 subjects were female (46.4%)
and 240 were male (53.6%), with an average age of 81
years (80 for males and 82 for females) and a median
age of 83 years for both.

Seventy-seven percent of the subjects in the study
were not vaccinated against COVID-19 (Table 2);
among the 105 vaccinated subjects, the median of days
between the last administered vaccine dose and death
was 137 days.

The total number of deaths associated with
COVID-19 in the ADS flow was 408, whereas the
total number of deaths associated with COVID-19 in
the ISTAT flow was 347 (Figure 1). The agreement
between the two flows (ADS real-time surveillance
vs officially validated ISTAT flow) was 69%: among
the 448 deaths considered, 307 were recorded in both
flows. Out of the 141 deaths that did not agree because
they were only present in one of the two flows, 101
were only present in the ADS flow, and 40 were only
present in the ISTAT flow.

According to ISTAT, 101 out of 408 deaths
reported by ADS were not confirmed as COVID-
19-related deaths. These 101 deaths were codified by
ISTAT as shown in Figure 2, which displays all the
causes of death for the 448 subjects in the study. Car-
diovascular, respiratory, and cancer diseases were re-
sponsible for 60 out of the 101 deaths (59.4%). The

Table 1. Age of the deceased COVID-19 cases in the province of Parma in 2021

N. subjects (%) Mean age Median age Minimum age Maximum age
Male 240 (53.6) 80 82 41 101
Female 208 (46.4) 82 83.5 46 99
Total 448 (100) 81 83 41 101

Table 2. Distribution of vaccinated subjects by age group in the population of deceased individuals under examination

Age groups Vaccinated subjects with at least one dose Not vaccinated subjects
0-59 years (%) 1 (6%) 16 (94%)
60 years over (%) 104 (24%) 327 (76%)

Total (%)

105 (23%)

343 (77%)
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term “other causes” 24/101 (23.8%) refers to gastroin-
testinal diseases, kidney diseases, and neuropsychiatric
and endocrinological diseases; the remaining deaths
(2.3%) were attributable to traumatic causes. On the
other hand, the 40 subjects listed in the ISTAT mor-
tality register but not in the ADS records (classified
as death due to COVID-19) were patients who had
previously been recorded in ADS as COVID-19 cases
but, at the time of their death, they had recovered and
tested negative for the virus. Despite their negative re-
sults, the certifying doctor still believed that the cause
of death should be attributable to COVID-19.

BOTH FLOWS
ISTAT

ADS

Total declared ADS:
101 + 307 = 408

Total declared ISTAT:
307 + 40 = 347

Figure 1. Concordance between ADS and ISTAT data on
COVID-19 diagnosis.

The secondary objective was to assess the distribu-
tion of the variables among the discordant groups (101
deaths only in ADS and 40 deaths only in ISTAT)
compared to the concordant group (307 deaths). Due
to the limited number of vaccinated subjects in our
population (Table 2), it was not feasible to evaluate the
distribution based on the vaccination status. Therefore,
our focus was concentrated on analyzing the distribu-
tion of the variable “reason for diagnostic swab” as an
indicator of COVID-19 status.

No statistically significant differences were ob-
served for the 40 subjects identified solely through the
ISTAT dataset (Table 3) except for the category of
swabs performed for “screening” purposes. Among the
40 individuals who died solely according to the ISTAT
data, 20.5% had undergone diagnostic swabs as a part
of a screening program, compared to 8% in the con-
cordant group (p: 0.012).

Among the 101 individuals who died from
COVID-19 only according to the ADS dataset, several
significant differences were observed in the distribution
of reasons for undergoing a diagnostic swab, compared
to the concordant group (Table 4). Specifically, 16% of
these individuals had undergone the swab at the emer-
gency room for reasons unrelated to COVID-19, while
the concordant group had a significantly lower per-
centage of 3.9% (p < 0.001). Additionally, 55% of the
ADS-only group had performed the swab during their
hospital stay for reasons other than COVID-19, in con-
trast to the concordant group with 19.6% (p < 0.001).

® Non COVID-19 mCOVID-19

B Cardiovascular deseases
B Respiratory deseases

B Cancers

B Traumatic causes

B Infectious deseases

B Other causes

Figure 2. ISTAT distribution of causes of death in the total population considered (448 deaths).
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Table 3. Comparison analysis between the 40 deceased indi-
viduals recorded exclusively in the ISTAT form and the 307
deceased individuals who were present in both datasets

REASON Chi-

FORTHE Subjects Subjects | square
DIAGNOSTIC deceased deceased test

SWAB (n. 40) (n.307) »*
n. % n. %

Access to the ER 2 51| 12 3.9 0.74
Case contact 8 20.5| 53 |17.3 0.08
Hospitalization 5 12.8| 60 |19.6 0.28
Screening 8 20.5| 24 7.8 0.012
Symptoms 17 41 | 158 |51.3 0.28

*Chi-square Test not significant (except for SCREENING, p=0.012)

Table 4. Comparison analysis between the 101 deceased indi-
viduals listed in the ADS dataset and the 307 deceased individ-
uals present in both datasets

REASON Subjects

FORTHE deceased Subjects Chi-
DIAGNOSTIC | (n.101)- deceased | square test

SWAB ADS only (n.307) P
n. % n. %

Accesstothe ER | 16 16 12 3.9 <0.001
Case contact 7 7 53 |17.3 0.011
Hospitalization 55 55 60 |19.6 <0.001
Screening 15 14 24 7.8 0.037
Symptoms 8 & | 158 |51.3 | <0.001

The swab was taken as part of a screening pro-
gram by 14% of the ADS-only group, compared to
7.8% of the concordant group (p < 0.037). Finally, only
8% of the 101 subjects in the ADS-only group had
undergone the swab due to symptoms attributable to
COVID-19, whereas the concordant group had a sig-
nificantly higher percentage of 51% (p < 0.001), along
with 41% of the 40 subjects registered solely in the
ISTAT dataset.

Conclusions

In Italy, COVID-19 mortality had the great-

est impact on the elderly population. The impact was

particularly severe for those aged 80 and above, ac-
counting for 72% of the excess mortality, whereas 21%
was attributed to the age group of 65-79 years (3). In
our study, it was found that more than 50% of the de-
ceased individuals were above the age of 83.

The study period was limited to 2021 when the
first vaccines were approved and administered. Within
our group of subjects who died due to COVID-19 or
were found to have COVID-19, the percentage of in-
dividuals vaccinated with at least one dose was very
low (23%). Among these vaccinated individuals, the
average time elapsed between the last dose and death
was over 4 months (137 days), aligning with current
knowledge (8) suggesting a decline in vaccine-induced
protection after this period.

In the 0-59 age group, corresponding to those
vaccinated later in 2021 as they were considered at
lower risk, 94% of the deceased individuals were not
vaccinated, contrasting with 76% in the age group of
60 and above.

The Local Health Authority implemented the
ADS surveillance system after the initial months of
the pandemic. The primary objective was to promptly
identify COVID-19 patients and deaths associated
with COVID-19, enabling local management of the
epidemic, and providing daily updated data as required
by the regional health authority. This decision was
made because the ISTAT flow, which is more accurate
in determining causes of death, was not suitable for
describing a rapidly evolving and changing phenom-
enon due to delays in recording events.

However, the ADS flow lacked clinical or coroner
value in certifying the cause of death, resulting in an
area of uncertainty that can only be addressed through
retrospective data analysis.

At the end of 2021, it became apparent that
the ADS data, compared to the ISTAT data, were
overestimating the number of deaths attributed to
COVID-19. This observation confirmed the previous
hypothesis that real-time systems based on positive
samples may overestimate COVID-19-related deaths.
When considering the ISTAT records of 448 subjects
classified as deaths with or due to COVID-19 (as
shown in Figure 2), it was found that 26.6% of them,
according to ISTAT classification, had died from
other causes. On the other hand, when ISTAT official
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mortality data became available, it was discovered that
a small portion of deaths had not been recognized as
COVID-19-associated by ADS, possibly due to the
absence of a “positive swab” close to the time of death.
Conversely, the certifying doctors, when completing
the mortality forms, had identified a causal link be-
tween COVID-19 and the deaths.

In the group of deceased individuals present in
the ADS dataset but not in the ISTAT dataset, 71%
of them had undergone diagnostic swabs upon access-
ing the emergency room and for hospitalization due to
reasons unrelated to COVID-19. Hospital protocols
required the execution of a nasal swab for the detec-
tion of SARS-CoV-2 upon admission, regardless of
the presence of symptoms attributable to this pathol-
ogy, to protect the health of patients and healthcare
workers. In these cases, the detection of the infection
was incidental, and the doctors, when completing the
ISTAT death certificates, did not consider it necessary
to attribute the deaths to COVID-19. Additionally,
the percentage of subjects who had undergone diag-
nostic swabs due to symptoms in the group of deceased
individuals solely present in the ADS dataset (8%) was
much lower compared to the percentage observed in
the group of subjects present in both datasets (51%) or
the ISTAT solely flow (41%).

Regarding the group of 40 deceased individuals
present in the ISTAT flow only (Table 3), the most
significant difference in the reason for carrying out the
diagnostic swab between this group and the subjects
present in both flows was the execution within screen-
ing programs (20.5% vs 8% with p <0.05), while the
execution of the swab for symptoms was similar with a
non-significant difference (41% vs 51%).

This study has several limitations. Firstly, it only
considers data from the year 2021. Expanding the in-
vestigation to include data from 2022 would increase
the sample size and reduce the uncertainty associ-
ated with a tracking methodology developed during
an emergency period. Additionally, the study did not
utilize individual clinical records and could not thor-
oughly analyze death certificates. Therefore, it serves as
a starting point for further research and investigations.

The primary objective of the ADS surveillance
system was to promptly identify both COVID-19
patients and COVID-19-related deaths, aiming to

minimize the impact of viral transmission on the
population, particularly among vulnerable individu-
als (15). The implementation of the ADS system facil-
itated the timely management of the pandemic in the
Parma area, enabling daily monitoring and immedi-
ate public health interventions. Therefore, the system’s
crucial requirement was sensitivity in detecting cases.
On the other hand, the certification of causes of death
by ISTAT allows for a more comprehensive analysis
of the factors contributing to each death. Addition-
ally, it enables national and international comparisons,
which will play a vital role in studying the events and
outcomes of the COVID-19 pandemic.
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