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ARTICLE INFO ABSTRACT
Arfic{e history: ] Objective: We compared the characteristics and outcomes of vaccinated and nonvaccinated patients hos-
Received 21 April 2022 pitalized with COVID-19.
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Accepted 17 June 2022 Design: We analyzed patients hospitalized in a COVID hub during three one-month periods: (i) Octo-

ber 15, 2020-November 15, 2020 (prevaccination peak); (ii) October 15, 2021-November 15, 2021 (Delta
wave); (iii) December 15, 2021-January 15, 2022 (Omicron wave). To define the epidemiologic context,

Keywords: SARS-CoV-2 infection in healthcare workers was analyzed.

SARS-CoV-2 infection Results: SARS-CoV-2 infection incidence in healthcare workers was 146 cases per 1000 persons in 2020

\C/OVIP—19d (prevaccination) and 67 in 2021 (postvaccination, when the Omicron variant caused most infections).
accinate

There were 420 hospitalized patients in the prevaccination period, 51 during the Delta wave (52.1% vac-
cinated) and 165 during the Omicron wave (52.9% vaccinated). During the Delta wave, a significantly
higher number of nonvaccinated (29.2%) than vaccinated patients (3.7%) were admitted to the intensive
care unit (ICU) (p = 0.019). Nonvaccinated patients were younger and had a lower rate of concomitant
medical conditions (53.2% vs 83.7%; p < 0.001) during the Omicron wave when 80% of patients admitted
to ICU and all those who died were still infected by the Delta variant.
Conclusions: Vaccine effectiveness in fragile individuals appears to be lower because of a faster immunity
decline. However, the Omicron variant seems to cause less severe COVID-19.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Since the emergence of SARS-CoV-2 pandemic that causes
COVID-19, several efforts have been made to contain and pre-
vent the spread of infection and disease. Among the available

Abbreviations: S, Spike; ICUs, Intensive care units; IQR, Interquartile range; CI, interventions, population-based vaccination campaigns have been
Confidence interval. implemented worldwide after the development of highly effective
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December 27, 2020, and the following vaccines were adopted for
immunization: BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Mod-
erna), ChAdOx1 (AstraZeneca), and Ad26.COV2.S (Janssen). The
available vaccines showed high efficacy in protection from infec-
tion or disease in the original clinical trials, and their effectiveness
has been confirmed at the population level by real-life postautho-
rization studies (Angel et al., 2021; Dagan et al., 2021; Haas et al.,
2021; Hall et al., 2021; Lopez Bernal et al.,, 2021; Rovida et al.,
2021b; Vasileiou et al,, 2021). However, several issues are to be
fully elucidated, such as the duration of the protective effectiveness
and the impact of the diffusion of new viral variants on protection
against severe disease. In particular, although the vaccines have
been designed on the Spike (S) protein of the original wild-type
strain, several viral variants arose before the vaccine implementa-
tion. Particularly, those defined as variants of concern are charac-
terized by mutations conferring potentially higher transmissibility,
immune evasiveness, or severity (https://www.ecdc.europa.eu/
en/covid-19/variants-concern). At the end of 2020, the Alpha
variant (B.1.1.7) was identified in the United Kingdom and became
dominant in several countries, including Italy. Subsequently, the
Delta variant (B.1.617.2) emerged and replaced the Alpha variant
worldwide, and, more recently, the Omicron variant (B.1.1.529)
was identified in South Africa and became predominant. Although
vaccine effectiveness was still high against the Alpha variant
(Rovida et al., 2021b), Delta and especially Omicron harbored
mutations on the S protein associated with vaccine evasion
(https://www.who.int/docs/default-source/coronaviruse/2022-
01-07-global-technical-brief-and- priority-action-on-omicron---
corr2.pdf?sfvrsn=918b09d_26). Meanwhile, on February 10, 2022,
full vaccination vaccine coverage in the Italian population reached
88.61% of individuals older than 12 years and 21.47% of individ-
uals younger than 12 years (https://www.governo.it/it/cscovid19/
report-vaccini/). However, considering that vaccine effectiveness is
below 100%, waning immunity, and immune escape of the new
variants, the occurrence of breakthrough infections is expected
to increase. However, the ratio between infections in vaccinated
versus unvaccinated individuals is still unclear. The objective of
this study was to compare the characteristics and outcomes of
vaccinated and nonvaccinated patients hospitalized with COVID-19
in a single Italian hub, at the Fondazione IRCCS Policlinico San
Matteo Hospital in Pavia, Northern Italy (Lombardy region, 10
million inhabitants), during the Delta and Omicron waves. The
San Matteo Hospital is an Italian research hospital affiliated with
the University of Pavia. In 2021, there were nearly 83,500 emer-
gency visits, 30,000 admissions, 20,000 surgical procedures, 190
transplant procedures, and more than 2,500,000 outpatient clinic
visits. Data were compared with those of patients hospitalized
during the second pandemic wave before the implementation of
the vaccination campaign. As an indicator of the epidemiological
context, we analyzed the incidence of SARS-CoV-2 infection and
the relevant virus genotype among healthcare workers in the same
hospital.

2. Materials and methods
2.1. Study design

We analyzed the characteristics of patients admitted for
COVID-19 at the San Matteo Hospital in Pavia, Northern Italy,
during three one-month periods: (i) October 15, 2020-November
15, 2020 (prevaccination), corresponding to the peak of the second
epidemic wave in Italy, which was sustained by the ancestral
virus strain (with the D614G mutation); (ii) October 15, 2021-
November 15, 2021, when >70% of the population was fully
vaccinated, and the Delta variant accounted for almost all cases
of infections (https://www.epicentro.iss.it/coronavirus/pdf/sars-
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cov-2-monitoraggio-varianti-rapporti-periodici- 10-dicembre-2021.
pdf), this period was defined as “Delta wave” in this study; (iii) De-
cember 15, 2021-January 15, 2022, when the Omicron variant ac-
counted for most of the circulating strains (https://www.epicentro.
iss.it/coronavirus/pdf/sars-cov-2-monitoraggio-varianti-indagini-
rapide-3-gennaio-2022.pdf), this period was defined as “Omicron
wave” in this study. Patients hospitalized for other diagnoses who
were found positive for SARS-CoV-2 during recurring screening
performed in hospital wards with an asymptomatic infection were
excluded from the analysis. Patients’ data are collected within the
routine Regional Healthcare system surveillance of SARS-CoV-2
infection; therefore, informed consent was not required. The
study was approved by the Medical Direction of Fondazione IRCCS
Policlinico, San Matteo.

2.2. Data collection

Patients’ data were retrieved and anonymized from electronic
medical records and the Regional vaccination registry. The follow-
ing information was collected: age, sex, vaccination status, con-
comitant chronic medical conditions (hypertension, cardiovascular
disease, pulmonary disease, nephropathy, diabetes mellitus, obe-
sity, neoplastic disease, immune depression), admission to inten-
sive care units (ICUs), and death. For healthcare workers with
SARS-CoV-2 infection, previous SARS-CoV-2 infection and vaccina-
tion status were collected.

2.3. Surveillance of SARS-CoV-2 infection in healthcare workers

Data on the occurrence of SARS-CoV-2 infection were avail-
able for 3832 healthcare workers of Fondazione IRCCS Policlin-
ico, San Matteo, in 2020 and 4066 healthcare workers in 2021
(Rovida et al., 2021a; Rovida et al., 2021b; Lilleri et al., 2022).
Naso-pharyngeal swabs were collected and tested for SARS-CoV-2
RNA positivity in subjects with symptoms suggestive of SARS-CoV-
2 infection or in case of contact with infected subjects, as pre-
viously reported (Giardina et al., 2021). Moreover, in compliance
with the local healthcare workers’ surveillance protocol, person-
nel working in clinical wards dedicated to fragile patients undergo
routine screening for SARS-CoV-2 infection every 14 days, whereas
monitoring was scheduled every 30 days for healthcare workers in
the other wards. The health condition of all workers was regularly
monitored, and data on symptoms were collected during an inter-
view by a physician and inserted into a specific database.

2.4. Virus genotyping and sequencing

SARS-CoV-2 variants were determined in samples from vacci-
nated healthcare workers with breakthrough infections and as part
of a national surveillance program by the Istituto Superiore di San-
ita. Multiplex real-time reverse transcription-PCR tests specific for
mutations characteristic of Delta (478K and 452R) and Omicron
(501Y and 484A) were performed.

In addition, whole-genome sequencing was performed in se-
lected samples using next-generation sequencing as previously re-
ported (Rovida et al., 2021a). Viral variants were also determined
in patients admitted to ICU during the Omicron wave period.

2.5. Statistical analysis

The incidence of SARS-CoV-2 infection in healthcare workers
was expressed as number of cases per 1000 persons. The annual
incidence rate was calculated for the entire 2020 and 2021. Since
July 2020, when routine, standardized surveillance of the person-
nel of the hospital was implemented, data on monthly incidence
rates were also calculated. Age was reported as median and range
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or interquartile range (IQR) and was compared with the Mann-
Whitney U-test when two groups were compared or the Kruskal-
Wallis test and Dunn’s post-test with correction for multiple com-
parisons when more than two groups were compared.

Categorical variables were expressed as percentage and com-
pared by the Fisher’s exact test or the chi-square test when more
than two groups were compared.

2.6. Role of the funding source

This work was partially supported by the European Union’s
Horizon 2020 Research and Innovation Program (ATAC, No.
101003650). The funding source had no role in the study design,
conduct, and report.

3. Results

3.1. SARS-CoV-2 infections in healthcare workers as an indicator of
the epidemiological context

Data relevant to the surveillance of SARS-CoV-2 infection in
healthcare workers of San Matteo Hospital are partially reported
in previous work (Rovida et al., 2021a; Rovida et al., 2021b;
Lilleri et al., 2022). For 2020, data relevant to the occurrence of
SARS-CoV-2 infection are available for 3832 healthcare workers.
A serological screening conducted during April 29, 2020-June 30,
2020, showed that 334 subjects (87 per 1000 persons; 95% confi-
dence interval [CI]: 79-97) were infected during the first pandemic
wave. Subsequently, during July 2020-December 2020, monitoring
of SARS-CoV-2 infection by testing of nasal swabs showed that an
additional 237 subjects (10 SARS-CoV-2-seropositive after the first
wave and 227 seronegative) were infected during the second wave,
for a total annual incidence of 561 SARS-CoV-2 infected subjects
(146 per 1000 persons; 95% Cl: 136-158). Among the 237 health-
care workers infected during the second wave, three subjects (0.8
per 1000 persons, 95% CI: 0.2-2.3) were infected in September, 85
(22 per 1000 persons; 95% CI: 18-27) in October, 148 (39 per 1000
persons; 955 CI: 33-45) in November, and one (0.3 per 1000 per-
sons; 95% ClI: 0.0-1.5) in December 2020. The peak of infections
occurred during October 15th, 2020-November 15, 2020, when 167
subjects (44 per 1000 persons; 95% Cl: 38-51) were infected. In
2021, after the implementation of the vaccination campaign, we
analyzed the occurrence of SARS-CoV-2 infections among 4066
healthcare workers at San Matteo Hospital, along with the geno-
type of the infecting virus (Figure 1). These data were considered
as proxy of the variants circulation in the general population of
the territory of Pavia. A significantly lower incidence of SARS-CoV-
2 infection (p <0.001) was observed in 2021 compared to 2020:
271 of 4066 healthcare workers (67 per 1000 persons; 95% CI: 59-
75) were positive for SARS-CoV-2 RNA with nasal swab testing dur-
ing the entire 2021. The number of infected subjects per month
increased from January to March 2021, when a peak of 21 cases
was observed (5 per 1000 persons; 95% CI: 3-8), and subsequently
decreased, maintaining a low, steady state between May and Oc-
tober 2021. The incidence of infection started increasing again in
November 2021, when 21 cases were detected (5 per 1000 per-
sons; 95% CI: 3-8), reaching the maximum level in December 2021,
with 182 cases detected (45 per 1000 persons; 95% Cl: 39-52;
Figure 1A). Regarding the vaccination status, we already reported
the differential incidence of infections in vaccinated and nonva-
ccinated subjects during January-May 2021(Rovida et al., 2021a),
showing a vaccine effectiveness of 83% in protecting from infec-
tion with the Alpha variant. Subsequently, all the study population
was vaccinated; therefore, we could not compare the incidence of
infection in vaccinated versus nonvaccinated subjects thereafter.
Since October 15 2021, healthcare workers have received a third
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dose of BNT162b2 or mRNA-1273 vaccine. At the end of the year,
most healthcare workers had received three vaccine doses, and
most infections in December 2021 occurred in three-dose vacci-
nated subjects (Figure 1A). No vaccinated healthcare worker devel-
oped pneumonia or required hospitalization for COVID-19. Among
the 271 SARS-CoV-2-infected subjects, identification of the infect-
ing variant was available for 127 subjects (Figure 1B). Between
February and May 2021, the Alpha variant was detected in all the
subjects whose viral RNA content was sufficient for genotyping
analysis. Between July and November 2021, only the Delta variant
was detected, whereas, in December 2021, the Omicron variant ap-
peared and accounted for 89% of the genotyped strains, whereas
the remaining 11% of cases harbored the Delta variant.

3.2. Characteristics of vaccinated and nonvaccinated patients
hospitalized for COVID-19

In the prevaccination period, 420 patients were hospitalized,
whereas 51 patients were hospitalized during the Delta wave and
165 during the Omicron wave. Patients’ characteristics are listed in
Table 1. Among the 51 patients of the Delta wave, 27 (52.9%) were
vaccinated, and among the 165 patients of the Omicron wave, 86
(52.1%) were vaccinated. Nonvaccinated patients of the Delta wave
(median age 66 years; IQR 55-74 years) were younger than vacci-
nated patients (median age 78 years; IQR 71-86 years; p = 0.003).
Similarly, nonvaccinated patients of the Omicron wave (62, IQR 54-
73 years) were younger than vaccinated patients (median age 74
years; IQR 63-84 years, p < 0.001). In addition, patients of the pre-
vaccination period (median age 68 years; IQR 59-79 years) were
younger than vaccinated patients of both the Delta (p = 0.004) and
Omicron waves (p = 0.024). In the Delta and Omicron waves, there
were more nonvaccinated patients than vaccinated patients in the
age group of 61-70 years and the younger age groups, whereas
more vaccinated than nonvaccinated patients were observed in the
older age groups (Figure 2). Concomitant chronic medical condi-
tions (Figure 2B) were present in 375 (89.3%) patients in the pre-
vaccination period. Among patients of the Delta wave, concomi-
tant medical conditions were present in 18 (75%) nonvaccinated
patients and 24 (88.9%) vaccinated patients (p = 0.276). Among pa-
tients of the Omicron wave, a significantly lower number of nonva-
ccinated (n = 42; 53.2%) than vaccinated patients (n = 72; 83.7%)
had concomitant medical conditions (p <0.001).

3.3. Outcome of COVID-19 in vaccinated and nonvaccinated
hospitalized patients

In the prevaccination period, 32 (7.6%) patients were admit-
ted to ICU wards (Figure 2C). Among patients of the Delta wave,
a significantly higher number of nonvaccinated (n 7; 29.2%)
than vaccinated patients (n = 1; 3.7%) were admitted to the ICU
(p = 0.019). Among patients of the Omicron wave, 17 (21.5%) non-
vaccinated and 11 (12.8%) vaccinated patients were admitted to the
ICU (p = 0.151). During the prevaccination period, 90 (21.4%) pa-
tients died because of COVID-19 (Table 2). A similar rate of death
was observed among patients of the Delta wave (n = 10, 19.6%).
No difference was observed between vaccinated and nonvaccinated
patients. Nonvaccinated patients who died had a median age of
74 (IQR 65-83) years and were younger than vaccinated patients
(median age 86 years, IQR 71-92 years; p = 0.071). Among pa-
tients of the Omicron wave, 41 (24.8%) died because of COVID-19.
In all the periods analyzed, most patients who died had concomi-
tant chronic medical conditions, except for nonvaccinated patients
who died during the Omicron wave, when about half of them were
not affected by other medical conditions (Table 2).
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Table 1
Characteristics of the study population

Period of hospitalization of COVID-19 patients

Characteristics — -
Prevaccination® (n = 420)  Delta wave® (n = 51)  Omicron wave® (n = 165)

Age, median (IQR), years 68 (59-79) 71 (62-82) 69 (58-80)
Sex, M/F n. (%) 294/126 (70/30) 30/21 (59/41) 98/67 (68/32)
Patients without chronic medical conditions, n. (%) 45 (10.7) 9 (17.6) 51 (30.9)
Patients with chronic medical conditions, n. (%) 375 (89.3) 42 (82.4) 114 (69.1)
Hypertension 270 (72.0) 30 (71.4) 83 (74.5)
Cardiovascular disease 120 (32.0) 15 (35.7) 39 (34.2)
Pulmonary disease 84 (22.5) 9(21.4) 14 (12.2)
Nephropathy 60 (16.0) 14 (33.3) 16(14.0)
Diabetes 101 (26.9) 10(23.8) 28 (24.5)
Obesity 71 (18.9) 8 (19.0) 13 (11.4)
Neoplastic disease 67 (17.8) 11 (26.1) 9 (7.8)
Immune depression 24 (6.4) 2 (4.7) 11 (9.6)
Patients with one chronic medical conditions, n. (%) 53 (14.1) 4 (9.5) 25 (21.9)
Patients with two chronic medical conditions, n. (%) 63 (16.8) 6 (14.3) 38 (33.3)
Patients with >3 chronic medical conditions, n. (%) 259 (69.1) 32 (76.2) 51 (44.7)
Vaccinated, n. (%) 0 (0) 27 (52.9) 86 (52.1)

2 October 15, 2020-November 15, 2020
b October 15, 201-November 15, 2021
¢ December 15, 2021-January 15, 2022F = female; M = male; IQR = interquartile range.

A Age groups
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—
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Figure 2. Characteristics of vaccinated and nonvaccinated patients with SARS-CoV-2 infection in the three study periods. (A) Number of patients in the different age groups.
(B) Rate of patients with concomitant chronic medical conditions. (C) Rate of patients requiring admission to the intensive care unit (ICU). Prevaccination: October 15,
2020-November 15, 2020; Delta: October 15, 2021-November 15, 2021; Omicron: December 15, 2021-January 15, 2022.

424



F. Rovida, G.L. Esposito, M. Rissone et al.

Table 2
Outcome of COVID-19 in vaccinated and nonvaccinated patients

International Journal of Infectious Diseases 122 (2022) 420-426

Period of hospitalization of COVID-19 patients

n. (%) deceased patients

n. (%) deceased patients with

Median age, years (range)  chronic medical conditions

Prevaccination® (n = 420) 90 (21.4)
Delta wave® (n = 51) 10 (19.6)
-vaccinated (n = 27) 5(18.5)

-nonvaccinated(n = 24) 5(20.8)

Omicron wave® (n = 165) 41 (24.8)
-vaccinated (n = 86) 26 (30.2)
-nonvaccinated (n = 79) 15 (19.0)

80 (39-95) 87 (96.7)
79 (65-92) $ (80.0)
86 (71-92) 4 (80.0)
74 (65-83) 4 (80.0)
81 (47-95) 30 (73.2)
78 (58-95) 23 (88.5)
77 (8-92) 7 (46.7)

2 October 15, 2020-November 15, 2020
b Qctober 15, 2021-November 15, 2021
¢ December 15, 2021-January 15, 2022

3.4. SARS-CoV-2 variant in patients admitted to ICU during the
Omicron wave

The SARS-CoV-2 variant in 20 of 28 patients admitted to ICU
during the Omicron period was successfully determined. The Omi-
cron variant was detected in four (20%) cases, whereas the Delta
variant was detected in the remaining 16 (80%) cases. The virus
genotype was available for 9 of 41 patients who died during the
Omicron wave (i.e., patients who were admitted to ICU), and in
all nine cases, the Delta variant was detected. Notwithstanding the
predominance of the Omicron variant among the general popula-
tion, most patients required ICU admission, and all patients who
died were infected with the Delta variant.

4. Discussion

Results of this study show that in our study population, a
resurgence of SARS-CoV-2 infection in vaccinated individuals oc-
curred with the Omicron but not with the Delta variant. How-
ever, a lower number of patients was hospitalized during both the
Delta and Omicron waves, when >70% of the population was vac-
cinated, than in the prevaccination era. Vaccinated patients hospi-
talized for COVID-19 were older than nonvaccinated patients hos-
pitalized during the Delta and Omicron waves and in the pre-
vaccination era. In addition, vaccinated patients hospitalized dur-
ing the Omicron wave were more frequently affected by concomi-
tant chronic medical conditions than nonvaccinated patients. Fi-
nally, vaccinated patients had a significantly lower rate of admis-
sion to ICU than nonvaccinated patients during the Delta wave.
Some real-life studies showed only a modest reduction in the ef-
fectiveness of BNT162b2 and ChAdOx1 against Delta compared to
the Alpha variant (Lopez Bernal et al., 2021; Sheikh et al., 2021),
especially in protection from severe infections requiring hospital-
ization (Sheikh et al., 2021), whereas other studies documented
a major reduction in vaccine effectiveness (Keehner et al., 2021;
Rosenberg et al, 2022). Waning of immunity with time after
vaccination is another factor contributing to reduced protection
(Collier et al., 2021; Goldberg et al., 2021; Khoury et al., 2021;
Pouwels et al., 2021; Thomas et al., 2021; Wall et al., 2021), which
is difficult to differentiate from reduced effectiveness against the
Delta or Omicron variants. Notwithstanding the decline of the an-
tibody response observed six months after vaccination and the par-
tial immune evasiveness of the Delta variant, we did not observe
a resurgence of SARS-CoV-2 infections and hospitalizations during
the Delta wave, as it was observed elsewhere (Keehner et al., 2021;
Rosenberg et al., 2022). The peak monthly incidence of SARS-CoV-
2 infection in vaccinated healthcare workers was similar during
periods dominated by the Alpha or Delta variants. The high vac-
cination coverage at the population level, coupled with nonphar-
macological measures, such as the persistence of indoor masking
requirements, may have contributed to the reduction of virus cir-
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culation in the general population during the Delta wave, avoiding
a significant resurgence of infections both in vaccinated and non-
vaccinated individuals. A modeling study showed that increasing
the rate of vaccination could have prevented substantial hospital-
izations and deaths, even in the Delta-driven wave (Vilches et al.,
2022). In addition, in our study, infections with the Delta variant
appeared more severe in nonvaccinated patients because a higher
proportion of nonvaccinated than vaccinated patients required in-
tensive care, as also reported in other studies (Taylor et al., 2021;
Tenforde et al., 2021). The vaccine evasion of the Omicron variant
was even higher, as reflected by the increased breakthrough infec-
tions in vaccinated healthcare workers and the number of hospital-
ized patients. However, our data support the lower pathogenicity
of this variant, as was suggested in early studies from South Africa
(Maslo et al., 2022; Wolter et al., 2022). An indirect data is the
fact that, although the monthly incidence of infection in vaccinated
healthcare workers increased by almost 10 times from the Delta to
the Omicron wave, the number of hospitalized patients only in-
creased by about three times. Moreover, during the Omicron wave,
most of the ICU-admitted patients were infected with the Delta
variant, and the Delta variant was detected in all the patients with
fatal outcomes, although Omicron accounted for more than 80% of
the strains circulating in the general population. The viral variants
detected in the hospitalized population may reflect those circulat-
ing in the general population about one to two weeks before hos-
pitalization. Nevertheless, the prevalence of Omicron among pa-
tients admitted to the ICU appears to be lower than expected. Fi-
nally, hospitalized vaccinated patients during the Delta and Omi-
cron waves were older than nonvaccinated patients admitted to
hospital in both the pre- and postvaccination eras. In addition,
during the Omicron wave, a higher proportion of vaccinated pa-
tients had concomitant chronic medical conditions than nonvacci-
nated patients. Also, among patients who died during the Omicron
wave, a higher proportion of vaccinated patients had concomitant
chronic medical conditions than nonvaccinated patients. These ob-
servations confirm lower vaccine effectiveness and faster waning
of immunity in older individuals and those with underlying clin-
ical conditions (Andrews et al., 2022) and more sustained protec-
tion in younger subjects. Limitations of this study reside in its ob-
servational retrospective nature, the lack of a noninfected control
group to estimate vaccine effectiveness, the relatively low num-
ber of patients examined, and the partial availability of virus geno-
type. In addition, different behaviors and containment measures in
the population occurring during the three study periods have in-
fluenced virus circulation. However, the stringency of containment
measures was lower in the vaccination era, whereas a partial lock-
down was implemented during the second wave of the prevaccina-
tion era. This may have potentially increased the number of hos-
pitalizations concerning what may have occurred if, instead, the
same measures applied during the second wave were maintained
in the vaccination era. In conclusion, vaccinated patients hospital-



F. Rovida, G.L. Esposito, M. Rissone et al.

ized for COVID-19 during the Delta and Omicron waves are older
and more fragile; the risk of developing more severe COVID-19 is
lower in vaccinated individuals with Delta variant breakthrough
infections than in nonvaccinated subjects, and the Omicron vari-
ant seems to cause less severe COVID-19. Vaccine effectiveness in
fragile individuals appears to be lower because of a faster immu-
nity decline and may take advantage of periodical vaccine boosters,
which could be adjourned on the newly identified viral variants.
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