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To the Editor,

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) vaccination campaign started in Italy on December 27, 2020.
As of October 2021, more than 82% of the Italian population age
�12 years was fully vaccinated with one of the four vaccines
approved by the European Medicines Agency (BNT162b2, mRNA-
1273, ChAdOx1, Ad26.COV2eS) [1]. As in other countries, vaccine
access was progressively extended from high-risk and older in-
dividuals to younger populations. Concurrently with the increasing
number of vaccinated people, deaths related to coronavirus disease
2019 (COVID-19) in vaccinated persons also increased [2]. The aim
of this study was to evaluate the characteristics of persons who
died with COVID-19 after completing the vaccine course and to
compare them with those who died with COVID-19 but were not
vaccinated or had a partial vaccination course.

Data were obtained from the Italian National Institute of Health
(Istituto Superiore di Sanit�a) Integrated Surveillance System [3].
COVID-19erelated deaths were defined as those occurring in pa-
tients who tested positive for SARS-CoV-2, independent of pre-
existing comorbidities possibly contributing to death. Clinical
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data were obtained from a random sample of hospital charts [4].
The sample analyzed was not selected on the basis of sample size
calculations, but included all clinical records available in the data-
base. Individual data were linked with those of SARS-CoV-2 vacci-
nation registries.

Three groups of COVID-19erelated deaths were defined ac-
cording to vaccination status were defined:

1. Unvaccinated: deaths in patients with COVID-19 who had not
received any vaccine dose;

2. Partially vaccinated with early infection: deaths of patients with
COVID-19 who tested positive for SARS-CoV-2 within 14 days
from the beginning of the vaccination course; and

3. Fully vaccinated: deaths of patients with COVID-19 who tested
positive for SARS-CoV-2 14 days after completion of the vacci-
nation course [5].

The partially vaccinated with early infection group identified
patients who acquired SARS-CoV-2 infection in the first 14 days
after their first vaccination, when the risk of infection is comparable
to that of the unvaccinated population. The comparison of this
group with the fully vaccinated group reduces the possible bias
related to the fact that vaccination priority was initially given to the
very old and frail.

Deaths of patients who tested positive for SARS-CoV-2 between
February 1 and October 5, 2021 were evaluated. February 1 was
chosen as the index date because it included the 5-week interval
needed to complete the vaccination course after the introduction of
SARS-CoV-2 vaccination in Italy. To compare patient characteristics,
we used t tests for normally distributed variables, nonparametric
ManneWhitney U-test for skewed variables, and Fisher's exact test
for categorical variables.

At a national level, during the study period, 38,096 COVID-
19erelated deaths occurred. Of these, 1440 (3.8%) were in fully
vaccinated persons and 2130 (5.6%) in partially vaccinated in-
dividuals. The present analysis is based on a sample of 760
ublished by Elsevier Ltd. All rights reserved.
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Table 1
Clinical characteristics of COVID-19 deaths by study group

Unvaccinated n ¼ 760 (A) Partially vaccinated
with early infection n ¼ 379 (B)

Fully vaccinated
n ¼ 236 (C)

p-value
(A) vs (C)

p-value
(B) vs (C)

Demographics)
Age (y), mean (standard deviation) 77.1 (14.0) 83.5 (8.6) 85.5 (9.3) <0.001 0.007
Women, n (%) 322 (42.4) 150 (39.6) 98 (41.5) 0.880 0.673
Comorbidities, n (%)
Ischemic heart disease 199 (26.5) 110 (29.2) 85 (36.2) 0.005 0.075
Atrial fibrillation 190 (25.3) 127 (33.7) 81 (34.5) 0.007 0.861
Heart failure 103 (13.7) 60 (15.9) 59 (25.1) <0.001 0.006
Stroke 71 (9.5) 35 (9.3) 27 (11.5) 0.382 0.410
Hypertension 484 (64.5) 265 (70.3) 164 (69.8) 0.156 0.928
Type 2 diabetes 218 (29.1) 106 (28.1) 66 (28.1) 0.805 1.000
Dementia 129 (17.2) 89 (23.6) 87 (37.0) <0.001 <0.001
Chronic obstructive pulmonary disease 119 (15.9) 75 (19.9) 57 (24.3) 0.005 0.225
Cancer 99 (13.2) 47 (12.5) 43 (18.3) 0.056 0.060
Chronic liver disease 39 (5.2) 20 (5.3) 14 (6.0) 0.622 0.721
Autoimmune diseases 52 (6.9) 25 (6.6) 16 (6.8) 1.000 1.000
Obesity 120 (16.0) 54 (14.3) 19 (8.1) 0.002 0.021
Number of comorbidities, n (%) <0.001 0.020
0 27 (3.6) 3 (0.8) 0 (0)
1 77 (10.3) 37 (9.8) 14 (6.0)
2 129 (17.2) 58 (15.4) 23 (9.8)
�3 517 (68.9) 279 (74.0) 198 (84.3)

Number of comorbidities,
mean (standard deviation)

3.8 (2.2) 4.1 (2.3) 5.0 (2.5) <0.001 <0.001

Nonrespiratory complications, n (%)
Acute renal injury 212 (28.2) 113 (30.1) 75 (32.2) 0.249 0.652
Acute cardiac injury 63 (8.4) 24 (6.4) 26 (11.2) 0.193 0.048
Coinfection 204 (27.1) 91 (24.3) 64 (27.5) 0.933 0.390

Unvaccinated indicates deaths occurring in patients with COVID-19 who had not received any vaccine dose (nwith missing data for comorbidities ¼ 10); partially vaccinated
with early infection indicates deaths occurring in patients with COVID-19 who tested positive for severe acute respiratory syndrome coronavirus 2 within 14 days from the
beginning of the vaccination course (n with missing data for comorbidities ¼ 2); fully vaccinated indicates deaths occurring in patients infected with COVID-19 who tested
positive for SARS coronavirus type 2 14 days after completion of the vaccination course (n with missing data for comorbidities ¼ 1). COVID-19, coronavirus disease 2019.
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deaths in the unvaccinated group (2.3% of deaths in the same
group), 379 deaths in the partially vaccinated group (17.8%), and
236 deaths in the fully vaccinated group (16.4%). The represen-
tativeness of this sample is presented in the Appendix
(Table S1), together with the distribution of vaccine types in the
sample analyzed and in the whole population of deaths during
the study period (Table S2) and with calendar time of the first
dose administration in fully and partially vaccinated individuals
(Fig. S1).

The main study results are shown in Table 1. Fully vaccinated
individuals, compared to unvaccinated persons, were significantly
older and had a higher prevalence of ischemic heart disease, atrial
fibrillation, heart failure, dementia, and chronic obstructive pul-
monary disease, with a lower prevalence of obesity. Compared
with partially vaccinated individuals, fully vaccinated persons
were older, had a higher prevalence of heart failure and dementia,
and a lower prevalence of obesity. The mean number of comor-
bidities was significantly higher in fully vaccinated persons
compared with the other two groups. Among nonrespiratory
COVID-19 complications, acute cardiac injury was significantly
more frequent in fully vaccinated compared to partially vaccinated
individuals.

These findings show that people who died with COVID-19 after
completing the vaccination course have a significantly higher
burden of comorbidities compared with those who died unvacci-
nated or with a partial vaccination course. This more severe clinical
complexity appears to be multidimensional, with a significantly
higher prevalence of heart disease, dementia, and chronic
obstructive pulmonary disease. The significantly lower prevalence
of obesity in the fully vaccinated group may indicate a possible
protective effect of vaccination against mortality in obese persons
that should be investigated further.
In terms of study limitations, we were unable to evaluate addi-
tional groups of unvaccinated/partially vaccinated and fully vacci-
nated patients with COVID-19 who did not die, because the clinical
records of hospitalized patientswho survive are not collected by the
mortality surveillance system. The fully vaccinated group received
the first dose of the vaccine earlier than the partially vaccinated
group (Fig. S1), andwe cannot exclude that the differences observed
between these two groups could be explained by the vaccination
priority given to older and more complex patients. Selection bias
from the general population was not likely to have occurred: the
sample appeared to be representative of the population of patients
deceased with COVID-19 and of the vaccine types used in Italy. All
cases included were homogeneous in terms of health care facilities,
being all in-hospital deaths, and the clinical records database used
represents a random sample of all COVID-19 deaths in which all
Italian regions are represented. Access to vaccinationwas uniform in
the entire country, with large availability of vaccine doses in all re-
gions. The timeframe of our analysis also excluded the first wave of
the pandemic, when the burden on health care facilities in terms of
hospitalizations and admissions to intensive care units was higher
and the system suffered major stress.

In conclusion, we believe that the present findings may
contribute to the definition of a population at higher risk of mor-
tality after full vaccination. This population with more severe
clinical complexity should be considered for possible interventions
aimed at reducing the risks of infection, such as the use of addi-
tional vaccine doses.
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