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A B S T R A C T

This multicenter observational study included 171 COVID-19 adult patients hospitalized in the ICUs of nine
hospitals in Lombardy (Northern Italy) from December, 1st 2021, to February, 9th 2022. During the study
period, the Delta/Omicron variant ratio of cases decreased with a delay of two weeks in ICU patients com-
pared to that in the community; a higher proportion of COVID-19 unvaccinated patients was infected by
Delta than by Omicron whereas a higher rate of COVID-19 boosted patients was Omicron-infected. A higher
number of comorbidities and a higher comorbidity score in ICU critically COVID-19 inpatients was positively
associated with the Omicron infection as well in vaccinated individuals. Although people infected by Omi-
cron have a lower risk of severe disease than those infected by Delta variant, the outcome, including the risk
of ICU admission and the need for mechanical ventilation due to infection by Omicron versus Delta, remains
uncertain. The continuous monitoring of the circulating SARS-CoV-2 variants remains a milestone to counter-
act this pandemic.

© 2023 SPLF and Elsevier Masson SAS. All rights reserved.
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Introduction

Assessing the clinical severity of infection with new SARS-CoV-2
variants is crucial to ensure the public health response in terms of
control measures and mitigation strategies and to support clinicians
in patients’management - particularly in case of severe disease. Since
its emergence in November 2021, the SARS-CoV-2 Omicron variant of
concern (VOC) (lineage B.1.1.529) has rapidly spread, replacing SARS-
CoV-2 Delta (lineage B.1.617.2) and its AY.xx sub-lineages in most
European countries [1]. Preliminary findings have indicated that the
effectiveness of COVID-19 vaccines is significantly lower against Omi-
cron compared to the Delta variant [2,3]. On the contrary, recent
studies have suggested that Omicron infection is associated with less
severe disease as it has a lower replication efficiency in lungs than
other SARS-CoV-2 variants [4,5]. A reduction of 36−73% in the risk of
hospitalization for Omicron compared with Delta has been reported
[5,6].

This study aimed at comparing the epidemiological features of
Omicron and Delta variants in patients tested positive for SARS-CoV-
2 RNA who required intensive care unit (ICU) for COVID-19 in Lom-
bardy (Northern Italy, nearly 10 million inhabitants) during the
period of transition from Delta (December 2021) to Omicron domi-
nance (January 2022).
Material and methods

Study population

This multicentre study included adult patients (> 18 years old)
hospitalized in the ICUs of nine hospitals in Lombardy from 1st
December 2021 to 9th February 2022. Respiratory specimens were
collected for SARS-CoV-2 diagnosis and processed at the Microbiol-
ogy and Virology laboratory of each hospital using commercial multi-
plex real-time RT-PCR assays. Genotyping of SARS-CoV-2 VOCs was
carried out by means of real-time RT-PCR screening tests targeting
specific single nucleotide polymorphisms in the S gene, or by whole
genome sequencing or partial sequencing of the S gene.

For each patient, the following information were collected: (1) age
and gender; (2) date of hospitalization; (3) COVID-19 vaccination sta-
tus (i.e. no vaccinated, completed vaccination with two doses
≥120 days before, completed vaccination with two doses <120 days
before, completed vaccination with booster doses ≥7 days before);
(5) presence or absence of underlying comorbidities defined to
increase the risk of severe COVID-19 (6). These underlying comorbid-
ities were divided into: (i) medium risk (individual with diseases or
other conditions that cause a moderate risk of severe COVID-19) and
including diabetes mellitus, obesity (BMI≥30 kg/m2), autoimmune
diseases, chronic cardiac diseases and hypertension, chronic lung
disease; (ii) high risk (individuals with diseases or conditions that
carry a high risk of severe COVID-19, also in younger people) and
including chronic renal diseases, solid organ transplant, active malig-
nancy, and immunocompromised patients.

Statistical analyses

Categorical variables were summarized by use of frequency distri-
butions and compared by use of Pearson’s x2 test and Fisher Exact
tests and t-test and one-way ANOVA were used for comparing con-
tinuous independent variables. The frequency was expressed as
crude proportion with corresponding 95% confidence interval (95%
CI) calculated by Mid-P exact test assuming a normal distribution.
The risk of infection was expressed as the number of individuals with
Omicron or Delta laboratory-confirmed infection out of the total
number of individuals. The conditional maximum-likelihood esti-
mate (CMLE) of odds ratios (OR) with corresponding 95% CI were cal-
culated.

The study population was categorized according to the age in the
following age groups (years): age groups (years): 18−29, 30−44, 45
−54, 55−64, 65−74, 75−84. An overall comorbidity score weighting
the impact of comorbidities was assigned and summed one point for
each comorbidity of medium risk and two points for each comorbid-
ity of high risk [6].

The proportion of males in the study population was compared
with those of the Italian population by using exact probability bino-
mial level [7]); Differences were considered significant at a p-value
<0.05. Statistical analysis was performed using GraphPad Prism ver-
sion 8.0 for Windows (GraphPad Software, San Diego, CA, USA). This
study did not require ethical approval as it is based on routine sur-
veillance data on COVID-19.

Results

A total of 205 adult patients were included in the study and in
171/205 (83.4%) of these patients, the identification of SARS-CoV-2
VOC was successfully performed whereas in 34/205 (16.6%) this
information was not available due to low viral load or unavailability
of the respiratory samples, thus excluded from further analyses.
Table 1 shows the characteristics of the study patients. Overall, 119
(78.9%) Delta/Delta-like and 36 (21.1%) Omicron cases were observed.
The median age of patients was 62 years (range 21−84 years: Inter
Quartile Range [IQR]: 16 years), and no difference (p = 0.39) in age
was observed between patients infected by Delta (median 62 years,
range 38−84 years; IQR: 17 years) and those infected by Omicron
(median 61.5 years, range 21−79 years; IQR: 16.7 years). The 65
−74 years age group was the most represented for both Delta (n = 46;
34.1%) and Omicron (n = 9; 30%) (Table 1). Overall, the proportion of



Table 1
Characteristics of patients hospitalized in ICU with detected SARS-CoV-2 variants in Lombardy (Italy), 1st Decem-
ber 2021 - 9th February 2022.

Categories All 171; 100% Delta 135; 78.9% Omicron 36; 21.1%
Median age (range; IQR*) 62 (21−84;16) 62 (38−84;17) 61.5 (21−79;16.7)

Age group (years) 18−29 1 (0.6%) 0 (0%) 1 (2.8%)
30−44 5 (2.9%) 4 (3%) 1 (2.8%)
45−54 41 (24%) 31 (23%) 7 (23.3)
55−64 48 (28.1%) 39 (28.9%) 8 (26.7)
65−74 58 (33.9%) 46 (34.1%) 9 (30.0)
75−84 18 (10.5%) 15 (11.1%) 3 (10.0)

Gender Female 51 (29.8%) 44 (32.6%) 7 (19.4%)
Male 120 (70.2%) 91 (67.4%) 29 (80.6%)

Week of surveillance 48−2021 7 (4.1%) 7 (5.2%) 0 (0)
49−2021 18 (10.5%) 18 (13.3%) 0 (0)
50−2021 18 (10.5%) 18 (13.3%) 0 (0)
51−2021 29 (17%) 28 (20.7%) 1 (3.3%)
52−2021 30 (17.5%) 29 (21.5%) 1 (2.8%)
1−2022 17 (9.9%) 11 (8.1%) 6 (16.7%)
2−2022 23 (13.5%) 15 (11.1%) 8 (22.2%)
3−2022 18 (10.5%) 6 (4.4%) 12 (33.3%)
4−2022 7 (4.1%) 2 (1.5%) 5 (8.3%)
5−2022 3 (1.8%) 0 (0%) 3 (3.3%)
7−2022 1 (0.6%) 1 (0.7%) 1 (2.8%)

Comorbidities No 52 (30.4%) 44 (32.6%) 8 (22.2%)
Yes 119 (69.6%) 91 (67.4%) 28 (77.8%)
1 45 (26.3%) 38 (28.1%) 7 (19.4%)
2−3 65 (34.5%) 44 (32.6%) 15 (41.7%)
>3 14 (8.8%) 9 (6.7%) 5 (16.7%)

COVID-19 vaccination No 98 (57.3%) 83 (61.5%) 15 (41.7%)
Yes 69 (40.4%) 48 (35.6%) 21 (58.3%)
Unknown 4 (2.3%) 4 (3.0%) 0 (0)
1 dose 4 (5.8%) 3 (6.3%) 1 (4.8%)
2 doses <120 days 6 (8.7%) 4 (8.3%) 2 (9.5%)
2 doses >120 days 41 (59.4%) 34 (70.8%) 7 (33.3%)
3 doses 18 (26.1%) 7 (14.6%) 11 (35.6%)

Intubated No 27 (15.8%) 21 (15.6%) 6 (16.7%)
Yes 144 (84.2%) 114 (84.4%) 30 (83.3%)

Fig. 1. (A) Percentage of ICU cases by infecting SARS-CoV-2 VOC (left) and proportion
of Delta and Omicron cases by week of sampling (right, data obtained from national/
regional point-prevalence flash survey (8)) Lombardy (Italy), 1st December 2021 − 9th
February 2022. Number of ICU cases is reported within each bar. (B) Delta/Omicron
ratio in our series of COVID-19 ICU patients as compared to the general population
(data from national/regional point-prevalence surveys (8)).
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males (120/171; 70.2%) was significantly higher than that of the Ital-
ian population (48.7%; p < 0.001) a similar proportion of males was
observed in ICU patient groups infected by Delta (67.4%) and Omicron
(80.6%; p = 0.13) (Table 1).

In order to compare the prevalence of VOCs infecting COVID-19
patients requiring ICU with variants circulating in the general popu-
lation during the same period, VOCs point-prevalence data from
national/regional surveys were considered [8]. According to temporal
distribution Delta cases were overcame by Omicron cases since week
1 of 2022 (Fig. 1A). Delta cases peaked at week 51 of 2021 (29 cases;
21.5% of all Delta cases) while the peak of Omicron cases was at week
3−2022 (12 cases, 33.3% of all Omicron cases) (Table 1). No Omicron
cases were observed in ICU inpatients hospitalized from week
48−2021 to week 50−2021. The Delta/Omicron ratio of cases
decreased more rapidly in the general population than in our series
of ICU patients. In detail, the Delta/Omicron ratio dropped below the
value of 0.5 between week 52 of 2021 and 01 of 2022 in the general
population, while in our ICU patients between week 2 and 3−2022
with a delay of at least two weeks (Fig. 1B).

Overall, 52 out of 171 (30.4%) patients had no comorbidities,
whereas of the remaining 119 (66.9%) patients with comorbidities,
26.3% (n = 45) had one comorbidity, 34.5% (n = 65) two/three comor-
bidities, and 8.8% (n = 14) showed more than three comorbidities
(Table 1).

The percentage of ICU inpatients with more than three comorbid-
ities was statistical higher in the Omicron-infected group than that
observed in the Delta-infected group (16.7% vs 6.7%; p < 0.001). By
estimating the comorbidity score the mean score of comorbidities in
ICU patients infected by Omicron was statistically higher than that
observed in patients infected by Delta (1.8 vs 0.8; p = 0.004). The
mean score of comorbidities in ICU patients with vaccination (at least
3
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one dose) was significantly higher than that identified in ICU patients
with no vaccination (1.4 vs 0.8, p = 0.005). No difference in the mean
score of comorbidities was observed in patients aged less than
64 years and those older than 65 years (0.9 vs 1.2; p = 0.16). No differ-
ence in the risk of infection by Delta (OR: 1.5; 95%CI: 0.9−2.4) neither
Omicron (OR: 0.5; 95% CI: 0.2−1.3) was observed between individu-
als 64 years old or younger and those over 65 years.

Overall, only 69/171 (40.4%) ICU patients were COVID-19 vacci-
nated (Table 1). This proportion is significantly lower (p < 0.001)
than the percentage of the Italian adult population receiving at least
two doses of vaccine (88.4%) [9]. Among ICU Delta-positive inpa-
tients, 61.5% (83/135) was COVID-19 unvaccinated whereas among
ICU Omicron-positive inpatients, 41.7% (15/36) was COVID-19 unvac-
cinated (p = 0.2) (Table 1). The percentage of ICU COVID-19 boosted
individuals was statistically higher in the group of Omicron-infected
inpatients than that observed in the Delta-infected group (35.6% vs
14.6%; p < 0.001).

Overall, 144 out of 171 (84.2%) patients had been intubated
requiring invasive mechanical ventilation with no correlation related
to the Delta (114/135; 84.4%) and Omicron (30/36; 83.3%) infection.

Discussion

In most European countries, the epidemiological scenario of SARS-
CoV-2 VOCs has rapidly changed since the beginning of December
2021 [1], when the Delta variant - which was largely predominant in
the last six-eight months − was entirely replaced by the Omicron
[5,6,10]. The mutational pattern of Omicron exhibited a greater
genetic diversity compared to other VOCs that had been circulating
previously [11], thus raising major concerns on its transmissibility,
severity, and immune response escape ability. This swift and com-
plete replacement of circulating VOCs led to an unpredicted rising in
the number of cases primarily due to the higher transmissibility of
Omicron, which is estimated to be 2.7−3.7 times more infectious
than Delta variant in vaccinated and boosted people [12]. As
expected, in the present study the consequence of the Omicron vari-
ant in COVID-19 patients requiring ICU were delayed by about two
weeks compared to its circulation in the community, reflecting the
timing for SARS-CoV-2 worsening symptoms and ICU admission (10
−14 days).

A greater proportion of unvaccinated patients was infected by
Delta than by Omicron; interestingly, in our ICU inpatients, the rate
of ICU COVID-19 boosted individuals was statistically higher in the
group of Omicron-infected inpatients than that observed in the
Delta-infected group, in line with data uncovered the Omicron
immune-evasive properties [2,3,12].

The percentage of ICU inpatients with more than three comorbid-
ities was statistical higher in the Omicron-infected group than that
observed in the Delta-infected group; moreover, the mean score of
comorbidities was higher in patients infected by Omicron compared
to Delta patients as well as in vaccinated compared to unvaccinated
patients; similarly, a recent study has underlined that total number
of comorbidities in critically COVID-19 hospitalized patients was pos-
itively associated with the Omicron group [14].

It has been demonstrated that people infected by Omicron have a
lower risk of severe disease than those infected by Delta variant: in
fact, both the incidence of ICU admission [15] and the mortality [16]
decrease with the Omicron variant in comparison to Delta. Neverthe-
less, the outcome, including the risk of ICU admission and the need
for mechanical ventilation due to infection by Omicron versus Delta
remains uncertain. The outcome from SARS-CoV-2 infection however
could be related to individual characteristics such as age, comorbid-
ities, and prior immunity from vaccination or could be driven by viral
markers of pathogenicity or individual biomarkers [13]. Among the
limitations of the present study is that no follow-up data were avail-
able for the patients analyzed. Additionally, no comparisons with
4

data obtained from patients admitted to general hospital wards (dif-
ferent from ICU) were performed.

Conclusions

Despite the not increased pathogenicity of breakthrough SARS-
CoV-2 Omicron VOC infections from vaccinated individuals, the
exceptionally high transmission levels of this variant have resulted in
a significant increase in hospitalization, continuing to pose over-
whelming demands on health care systems in most countries, and
possibly leading to significant morbidity, particularly in vulnerable
populations. The circulation of this more transmissible but less severe
variant in countries with high vaccination coverage has endorsed the
best clinical scenario in the worst epidemiological situation (nearly
90 million cases in less than one month worldwide). The continuous
monitoring of the circulating SARS-CoV-2 variants remains a mile-
stone to counteract this pandemic.
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