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ABSTRACT

Background: The benefits of prior vaccination in patients hospitalized for moderate to severe COVID-19 during the
Omicron surge are not well defined. We assessed characteristics and outcomes of a cohort of COVID-19 inpatients
by their vaccination status.

Methods: Patients admitted with moderate to severe COVID-19 between December 20, 2021 and March 31, 2022
were divided into 3 groups: 1) unvaccinated, 2) vaccinated with 2 doses, and 3) vaccinated with 3 doses. The main
outcome was a composite of ICU transfer, mechanical ventilation or in-hospital death (poor outcome).

Results: We enrolled 446 patients (median age 78 years, IQR 65-85.3), of which 168 (37.7%) unvaccinated,
113 (25.3%) vaccinated with 2 doses and 165 (37%) vaccinated with 3 doses. Vaccinated patients had a higher
comorbidity burden and were older (3-dose vaccinees) compared to unvaccinated ones. The rate of poor outcome was
not significantly different between groups (19.6%, 15% and 22.4% for unvaccinated, 2-dose and 3-dose vaccinated
patients, respectively). Multivariable regression analysis did not show a protective effect of vaccination, either with
2 or 3 doses. In the subset of 205 patients over 80 years, a 3-dose vaccination was inversely associated with poor

outcome (OR 0.47 [95% CI 0.23-0.95], p=0.04).

Conclusion: The rate of poor outcome was not associated with vaccination status and was similar between study
groups, despite a higher risk profile displayed by 2-dose and 3-dose vaccinees. Prior vaccination with 3 doses reduced
the risk of poor outcome compared to no vaccination in the subset of patients older than 80 years.
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Abbreviations: SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2; ICU: Intensive Care Unit; RT-
PCR: Reverse Transcriptase-Polymerase Chain Reaction; MV: Mechanical Ventilation; IQR: Interquartile Ranges;
SD: Standard Deviation; OR: Odds Ratio; CI: Confidence Interval

INTRODUCTION Omicron infection have been registered, even among naturally
immunized and vaccinated individuals (breakthrough infections),
Since its first detection in early November 2021, the Omicron  due to increased transmissibility and immune evasion capacity, and
(B.1.1.529) variant of Severe Acute Respiratory Syndrome  waning of immunity in the population over time [1-6].
Coronavirus 2 (SARS-CoV-2) has rapidly spread worldwide
becoming dominant and causing, in winter 2021-2022, the
largest surge in COVID-19 cases to date [1]. Millions of cases of

Several studies have shown that the protection offered by
COVID-19 vaccinees against infection or mild disease by Omicron
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is substantially lower than previously reported for earlier variants
(4,6-8]. COVID-
19-related hospitalization and death remained relatively high,

Nevertheless, vaccine effectiveness against
especially in individuals who received a booster dose (third dose)

after completion of the primary regimen [3,4,6,9-13].

In those individuals developing breakthrough Omicron infection
and requiring hospitalization, the benefits of prior vaccination
(with or without a booster dose) in preventing further disease
progression and complications are not well defined. This study
aimed to assess the clinical characteristics and outcomes of patients
hospitalized for moderate to severe COVID-19 by their vaccination
status, during a period of dominant Omicron circulation.

MATERIALS AND METHODS

This retrospective study was carried out at 4 large Italian acute care
hospitals in the Tuscany region. The participants were enrolled
from 4 COVID-19 non-Intensive Care Unit (ICU) wards, located
respectively in the San Giovanni di Dio hospital and the Careggi
university hospital of Florence, in the San Jacopo hospital of
Pistoia and in the San Giuseppe hospital of Empoli. The study
was conducted in the winter 2021-2022, during the fourth wave
of COVID-19 cases registered in Italy, caused by the spread of
the Omicron (B.1.1.529) variant. All patients with a laboratory
confirmed diagnosis of moderate to severe COVID-19 admitted
between December 20, 2021 and March 31, 2022 were enrolled.
The diagnosis of SARS-CoV-2 infection was confirmed by a real-
time Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)
assay on nasopharyngeal swab. COVID-19 severity was defined
according to the National Institute of Health guidelines. Patients
with unknown vaccination status, patients who received a vaccine not
authorized by EMA, patients with a known history of previous SARS-
CoV-2 infection, and those with asymptomatic to mild SARS-CoV-2
infection admitted for other medical reasons were excluded.

Participants were divided into 3 groups according to vaccination
status: unvaccinated, vaccinated with 2 doses (primary series),
and vaccinated with 3 doses (primary series plus booster). The
unvaccinated group included patients who had not received any
dose of COVID-19 vaccine and patients who had received just 1
dose of a 2-dose primary regimen. The 2-dose vaccinated group
included patients who had received the primary vaccination course
(included patients vaccinated with a single dose of Ad26.COV2.S
[Janssen] vaccine) > 14 days prior to symptom onset, without
receiving a booster. The 3-dose vaccinated group included those
patients who completed the primary series and received a booster
dose > 14 days prior to symptom onset.

Demographics and clinical characteristics of the enrolled patients
were retrieved from electronic medical records and recorded on an
Excel spreadsheet.

The main outcome of the study was a composite of ICU transfer,
Mechanical Ventilation (MV) or in-hospital death, and was
defined as “poor outcome”. The characteristics and outcomes
were compared between unvaccinated and vaccinated patients with
either 2 or 3 doses, and between 2-dose and 3-dose vaccinees. A
single subgroup analysis was conducted, which included patients
older than 80 years.

The study was approved by the institutional review board of the
department of internal medicine and the hospital management of
each participating hospital and was performed in accordance with
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the principles embodied in the Declaration of Helsinki. Due to the
retrospective design, informed consent requirement was waived.

Statistical analysis

Variables were compared among the study groups (2-dose
vaccinated wvs. unvaccinated patients, and 3-dose vaccinated wvs.
unvaccinated and 2-dose vaccinated patients) and between patients
with favorable or poor outcome.

Continuous variables were expressed as medians and Interquartile
Ranges (IQR) or means and Standard Deviation (SD) and compared
by T-test, or Mann-Whitney, according to Kolmogorov-Smirnov test
for normality. Categorical variables were expressed as numbers and
percentages and compared by Chi-square test or Fisher exact test,
as appropriate. A multivariable logistic regression model was used
to determine the adjusted association between vaccination status
and the study outcome. Odds Ratio (OR) and its 95% Confidence
Interval (CI) were reported. A two-tailed P value of less than 0.05
was considered to indicate statistical significance. Analysis was
performed using GNU PSPP Statistical Analysis Software (https://
www.gnu.org/software/pspp/), and Excel (Microsoft).

RESULTS

During the study period, 470 patients with moderate to severe
COVID-19 were admitted to nonICU COVID-19 wards of
participant hospitals. After excluding 24 patients (7 patients with
a history of past SARS-CoV-2 infection, 1 patient vaccinated with
an EMA unauthorized vaccine, and 16 patients with unknown
vaccination status), a total of 446 were enrolled. Viral genome
sequencing was obtained in 5 (1.1%) participants: Omicron
B.1.1.592 infection was confirmed in all cases.

The median age of the enrolled patients was 78 (IQR 65-85.3)
years and 249 (55.8%) were males. One hundred sixty-eight
patients (37.7%) were unvaccinated for COVID-19, 113 (25.3%)
were vaccinated with 2 doses (primary series), and 165 (37%) with
3 doses (primary series plus booster dose). One hundred one of 113
(89.4%) patients vaccinated with 2 doses received the second dose
> 120 days prior to symptom onset. All patients vaccinated with 3
doses received the booster dose within 150 days of symptom onset.

Overall, 15 (3.4%) patients required ICU transfer or MV and 77
(17.3%) died during hospital stay. Eighty-seven (19.5%) patients
had a poor outcome (ICU transfer, MV, or in-hospital death). The
median length of stay was 7 (IQR 4-11) days.

Table 1 illustrates demographics, clinical characteristics and
outcomes of participants by vaccination status. Patients in the
2-dose group were not significantly older (78, IQR 63-81 vs. 73.5,
IQR 62-83, p=0.73) and had a higher comorbidity burden compared
to unvaccinated ones (median Charlson comorbidity index [CCI] 5,
IQR 3-6 vs. 4, IQR 2-5, p=0.008), being characterized by a higher rate
of cancer, chronic lung disease and immunosuppression. Patients in
the 3-dose group were significantly older (84, IQR 76-88.5 vs. 73.5,
IQR 62-83, p<0.001), had a higher comorbidity burden (CCI 6,
IQR 4-7 vs. 4, IQR 2-5, p<0.001) and, specifically, a higher frequency
of cancer, cardiovascular disease, chronic liver disease, chronic lung
disease, chronic renal failure and hypertension with respect to those
in the unvaccinated group. Compared to 2-dose vaccinated patients,
3.dose vaccinees were older (84, IQR 76-88.5 wvs. 78, IQR 63-81,
p<0.001), had a higher CCI (6, IQR 4-7 vs. 5, IQR 3-6, p<0.001)

and a higher rate of cardiovascular disease and chronic renal failure.
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Table 1: Demographics, clinical characteristics and outcomes of participants by vaccination status: comparison between unvaccinated, 2-dose or 3-dose
vaccinated patients. Note: BMI: Body Mass Index; CCI: Charlson Comorbidity Index; NIV: Non-Invasive Ventilation; ICU: Intensive Care Unit; MV:

Mechanical Ventilation.

.. . Vaccinated P value (0 vs. Vaccinated with P value (O vs. P value (2 vs.
Characteristic Unvaccinated

with 2 doses 2 doses) 3 doses 3 doses) 3 doses)
n (%) 168 (37.7) 113 (25.3) - 165 (37) - -
Demographics and clinical characteristics - - - - - -
Median age, years (range) 73.5 (62-83) 78 (63-81) 0.73 84 (76-88.5) <0.001 <0.001
Male, n (%) 90 (53.6) 72 (63.7) 0.09 87 (53.4) 0.88 0.07
Cancer, n (%) 5(3) 15 (13.3) <0.001 31 (18.8) <0.001 0.22
Cardiovascular disease, n (%) 39(23.2) 37(32.7) 0.08 79 (47.9) <0.001 0.01
Cerebrovascular disease, n (%) 20 (11.9) 16 (14.2) 0.58 22 (13.3) 0.69 0.84
Chronic liver disease, n (%) 5(3) 3(Q2.7) 1 13(7.9) 0.04 0.07
Chronic lung disease, n (%) 20 (11.9) 25(22.1) 0.02 47 (28.5) <0.001 0.23
Chronic renal failure, n (%) 11 (6.5) 9(8) 0.65 32(19.4) <0.001 0.008
Dementia, n (%) 23 (13.7) 15 (13.3) 0.92 34 (20.6) 0.09 0.12
Diabetes mellitus, n (%) 34 (20.2) 34 (30.1) 0.06 48 (29.1) 0.06 0.86
Hypertension, n (%) 73 (43.5) 59 (52.2) 0.15 92 (55.8) 0.02 0.56
Immunosuppression, n (%) 5@) 10 (8.8) 0.03 12(7.3) 0.07 0.63
Obesity (BMI>30), n (%) 22(13.1) 15(13.3) 0.97 159.1) 0.25 0.27
Median CCI, n (range) 4(2-5) 5 (3-60) 0.008 6 (4-7) <0.001 <0.001
COVID-19 Treatments - - - - B P
Dexamethasone, n (%) 158 (94) 106 (93.8) 0.93 147 (89.1) 0.1 0.18
Remdesivir treatment, n (%) 34 (20.2) 36 (31.9) 0.03 59 (35.8) 0.002 0.5
Second immunomodulant, n (%) 17 (10.1) 8(7.1) 0.38 6(3.6) 0.02 0.2
Conventional oxygen therapy, n (%) 111 (66.1) 72 (63.7) 0.68 106 (64.2) 0.73 0.93
NIV, n (%) 46 (27.4) 32(28.3) 0.86 40 (24.2) 0.51 0.45
Outcomes - - - - - -
Median length of stay, days (range) 7 (4-11) 8 (4-13) 0.12 6 (4-10) 0.54 0.03
ICU transfer or MV, n (%) 7(4.2) 5(4.4) 0.91 3(1.8) 0.34 0.28
In-hospital death, n (%) 27 (16.1) 14 (12.4) 0.39 36 (21.8) 0.18 0.04
ICU transfer, MV, or in-hospital death, n (%) 33 (19.6) 17 (15) 0.32 37(22.4) 0.53 0.13
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Regarding treatments, remdesivir was more frequently used among
2-dose (31.9% wvs. 20.2%, p=0.03) and 3-dose vaccinated patients
(35.8% wvs. 20.2%, p=0.002) compared to unvaccinated ones; 3-dose
vaccinees received a second immunomodulant less frequently than
unvaccinated patients (3.6% wvs. 10.1%, p=0.02).

Thirty-three (19.6%) patients in the unvaccinated, 17 (15%) in
the 2-dose and 37 (22.4%) in the 3-dose group experienced a
poor outcome, with no statistically significant difference between
unvaccinated patients and 2-dose (p=0.32) or 3-dose vaccinees
(p=0.53), and between 2-dose and 3-dose vaccinees (p=0.13).

To identify predictors of poor outcome, we performed a univariate
comparison of patients with favorable vs. poor outcome within
the subpopulations of unvaccinated or 2-dose vaccinated patients
Table 2, unvaccinated or 3-dose vaccinated patients Table 3, and
2-dose or 3-dose vaccinated patients Supplementary Table 1,
respectively. Next, we performed multivariate logistic regression
analysis to explore the association between vaccination status and
study outcome controlling for potential confounders (Tables 4 and
5 and Supplementary Table 2). The multivariate regression did not

OPEN aACCESS Freely available online

Obesity (BMI>30), n (%) 31(13.4) 6 (12) 0.79
Median CCI, n (range) 4 (2-5) 5 (4-6) 0.0001
COVID-19 Treatments - -

Dexamethasone, n (%) 217 (93.9) 47 (94) 0.99
Remdesivir, n (%) 61 (26.4) 9 (18) 0.21
Second immunomodulant, 19 (8.2) 6 (12) 0.4
n (%)
Conventional oxygen therapy, 166 (71.9) 17 34) <0.0001
n (%)
NIV, n (%) 47(20.3) 31 (62) <0.0001
Vaccination status - -
2-dose vaccinated, n (%) 96 (41.6) 17 (34) 0.32

Table 3: Univariate comparison of patients unvaccinated or 3-dose
vaccinated with favorable vs. poor outcome (ICU transfer, MV or in-

hospital death). Note: BMI: Body Mass Index; CCI: Charlson Comorbidity

Index; NIV: Non-Invasive Ventilation.

show a significant protective effect of vaccination, either with 2 or Characteristic Favorable Poor outcome P value
3 doses compared to no vaccination (2 doses vs. no vaccination: outcome
OR 0.65, 95% CI 0.32-1.34, p=0.25; 3 doses vs. no vaccination: n (%) 263 (100) 70 (100)
OR 0.65, 95% CI 0.35-1.23, p=0.19, respectively), and with 3 Demographics and clinical
doses compared to 2 doses (OR 1.13, 95% CI 0.56-2.31, p=0.73). characteristics -
Among the unvaccinated or 2-dose vaccinated patients, dementia )
was identified as an independent risk factor for poor outcome (OR Median age, years (range) 77 (65-86)  84(79.891)  <0.0001
3,95% CI 1.32-6.83, p=0.009). Among the unvaccinated or 3-dose Male, n (%) 137 (52.1) 40 (57.1) 0.45
. . 0, =
vaccinated patients, age (OR 1.04, 95% CI 1.01-1.07, p. 0.01), Cancer, n (%) 238.7) 13 (18.6) 0.019
cancer (OR 3.05, 95% CI 1.18-7.91, p=0.02) and dementia (OR
2.06, 95% CI 1.02-4.16, p=0.04) were confirmed as independent Cardiovascular disease, n (%) 88 (33.5) 30 (42.9) 0.14
predictors for poor outcome. Cancer was the only independent Cerebrovascular disease, n (%) 34 (12.9) 8 (11.4) 0.74
predictor of poor outcome identified among the subpopulation of L i
Ch liver d , n (% 15 (5.7 3(4.3 0.77
2-dose or 3-dose vaccinees (OR 3.49, 95% CI 1.47-8-27, p=0.004). ronic liver disease, n (%) 6.7 4.3
Chronic lung di ,n (% 52(19.8 15 (21. 0.76
Table 2: Univariate comparison of patients unvaccinated or 2-dose ronic lung disease, n (%) (19.8) 214 !
vaccinated with favorable vs. poor outcome (ICU transfer, MV or in- Chronic renal failure, n (%) 28 (10.6) 15 (21.4) 0.017
hospital death). Note: BMI: Body Mass Index; CCI: Charlson Comorbidity Dementia, n (%) 34 (12.9) 23 (32.9) <0.0001
Index; NIV: Non-Invasive Ventilation.
Diabetes mellitus, n (%) 65 (24.7) 17 (24.3) 0.94
Characteristic I(:)ilt(ll;)argt Poor outcome P value Hypertension, n (%) 126 (47.9) 39 (55.7) 0.25
H 0,
n (%) 231 (100) 50 (100) ] Immunosuppression, n (%) 11 (4.2) 6 (8.6) 0.14
o 0
Demographics and clinical ‘ ‘ Obesity (BMI>30), n (%) 31 (11.8) 6 (8.6) 0.45
characteristics Median CCI, n (range) 4 (3-6) 5(4-6.3) <0.0001
Median age, years (range) 73 (61-80)  82(72.8-89)  <0.0001 COVID-19 Treatments - -
Male, n (%) 134 (58) 28 (56) 0.79 Dexamethasone, n (%) 237 (90.1) 68 (97.1) 0.06
Cancer, n (%) 14 (6.1) 6(12) 0.14 Remdesivir, n (%) 81 (30.8) 12 (17.1) 0.024
Cardiovascular disease, n (%) 60 (26) 16 (32) 0.38 :
Second 1mmuonomodulant, 17 (6.5) 6 (8.6) 0.54
Cerebrovascular disease, n (%) 29 (12.6) 7 (14) 0.78 n (%)
Chronic liver disease, n (%) 8 (3.5) 0(0) 0.36 Conventional (oxygen therapy, 193 (73.4) 24 (34.3) <0.0001
%) . . .
Chronic lung disease, n (%) 39 (16.9) 6(12) 0.39 R
NIV, n (% 42 (16 44 (62.9 <0.0001
Chronic renal failure, n (%) 14 (6.1) 6(12) 0.14 n (%) (16) ( )
Dementia, n (%) 219.1) 1734 <0.0001 Vaceination status i i
¥ 1 9
Diabetes mellitus, 1 (%) 55 (23.8) 13 5.6) 0.74 3.dose vaccinated, n (%) 128 (48.7) 37 (52.9) 0.53
. Table 4: Predictors of poor outcome (ICU transfer, MV or in-hospital
9 1 . .
Hypertension, n (%) 101 (43.7) 31(62) 0.019 death) within the subpopulation of unvaccinated or 2-dose vaccinated
Immunosuppression, n (%) 11 (4.8) 4(8) 0.32 patients, multivariate analysis. Note: CCI: Charlson Comorbidity Index.
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Characteristic Odds ratio 95% C1 P value
Age 1.04 1.00-1.08 0.06
Dementia 3 1.32-6.83 0.009
Hypertension 1.63 0.82-3.25 0.16
CCl 1.14 0.92-1.41 0.23
Vaceinationwith - 65 032134 0.25

2 doses

Table 5: Predictors of poor outcome (ICU transfer, MV or in-hospital
death) within the subpopulation of unvaccinated or 3-dose vaccinated

patients, multivariate analysis. Note: CCI: Charlson Comorbidity Index.

Characteristic Odds ratio 95%Cl1 P-value
Age 1.04 1.01-1.07 0.01
Cancer 3.05 1.18-7.91 0.02
Chronic renal 1.81 0.77-4.26 0.18

failure

Dementia 2.06 1.024.16 0.04
CCI 1.03 0.85-1.26 0.74
Remdesivir 0.62 0.30-1.29 0.2
Vaceination with 0.65 0.35-1.23 0.19

3 doses

Afterassessing the whole study population, we performed a subgroup
analysis of participants with age over 80 years (Supplementary
Tables 3-7). Patients in this subgroup were 205 (46% of the whole
population), of whom 57 (27.8%) were unvaccinated, 34 (16.6%)
vaccinated with 2 doses and 114 (55.6%) with 3 doses. They had a
higher median age (86, IQR 83-90 vs. 78, IQR 65-85.3, p<0.001)
and CCI (6, IQR 5-7 vs. 5, IQR 3-6, p<0.001), and experienced
a poor outcome more frequently (61 of 205, 29.8% ws. 87 of
446, 19.5%, p=0.004) than the whole population. Multivariable
regression analysis showed that, among patients older than 80
years, prior vaccination with 3 doses was inversely associated with
poor outcome compared to no vaccination (OR 0.47, 95% CI
0.23-0.95, p=0.04), while cancer and dementia were independent
predictors of poor outcome (OR 3.60, 95% CI 1.31-9.89, p=0.01
and OR 2.24, 95% CI 1.10-4.56, p=0.03, respectively).

DISCUSSION

In this retrospective multicentre study of patients admitted to
non-ICU setting for moderate to severe COVID-19 during a
period of Omicron (B.1.1.529) variant dominance, a considerable
proportion of enrolled patients were vaccinated with 2 (25.3%)
or 3 doses (37%), being affected by a breakthrough SARS-CoV-2
infection. Two-dose vaccinated patients had a higher comorbidity
burden and similar age compared to those unvaccinated; 3-dose
vaccinated patients had a higher comorbidity burden and were
older than unvaccinated and 2-dose vaccinated ones. Although
participants vaccinated with 2 or 3 doses had a higher risk profile
for progression of COVID-19 disease, the rate of ICU transfer,
MYV or in-hospital death was similar between study groups (19.6%
in unvaccinated, 15% in 2-dose and 22.4% in 3-dose vaccinated
patients). The multivariate regression analysis failed to demonstrate
a significant protective effect of vaccination with either 2 or 3
doses in the whole population, while identifying higher age and
a diagnosis of dementia or cancer as independent risk factors for
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poor outcome. Receipt of a third dose of vaccine had a protective
effect in the high-risk subgroup of patients aged over 80 years.

The Omicron variant has been associated with reduced vaccine
effectiveness against infection or mild disease, due to immune
evasion and rapid waning immunity. Evidence on protection against
severe disease is mixed, with some studies suggesting substantially
reduced effectiveness against hospitalization compared to the Delta
variant, and other studies suggesting high levels of effectiveness
(close to 90%) after a third vaccine dose [3,14]. Time elapsed since
receipt of vaccination is associated with reduction in effectiveness,
while vaccine booster doses have been shown to restore it [1,3,8,15].
The US VISION network evaluated the effectiveness of mRNA
vaccinees in the period December 2021-June 2022, in comparison
with no vaccination. During the Omicron BA.1 period, vaccine
effectiveness against COVID-19-associated hospitalization 14-
149 days and > 150 days after receipt of the second vaccine dose
was 68% and 61%, respectively; after receipt of the third dose, a
considerable increase in the effectiveness against hospitalization
was registered (92% 7-119 days and 85% > 120 days after receipt of
dose 3, respectively) [1].

In the present study, the high 2-dose (25.3%) and 3-dose (37%)
vaccination rate among patients hospitalized for Omicron
infection could suggest a suboptimal performance of vaccination
against COVID-19-related hospitalization. However, it should
be considered that, at the time of study initiation, the rate of
vaccination coverage in the Italian population was remarkably
higher than that found in our study population. The percentage of
primary vaccination was 93.3% and 95.7% in the 70-79 and over
80 age individuals, respectively, while the percentage of booster
vaccination was 51.1% and 68.4%, respectively. Furthermore, the
higher comorbidity burden (2-dose and 3-dose vaccinees) and age
(3-dose vaccinees) registered in vaccinated participants compared
to unvaccinated ones appear as an indirect proof of vaccination
effectiveness in preventing COVID-19-related hospitalization in
younger and healthier individuals. As already demonstrated by
previous studies, our results seem to confirm that the protective
effect of vaccination against COVID-19-related hospitalization
is weakened in patients with advanced age and high rate of
comorbidities [15,16-18]. In addition, the inability of vaccination
to prevent hospitalization in 2-dose vaccinated patients could be
due to waning immunity, since almost 90% of them in our study
had received the second dose over 120 days prior of hospitalization.

With regards to the benefits of prior vaccination in hospitalized
patients, the results of our study indicate that, once a patient
requires admission to non-ICU setting for moderate to severe
COVID-19, the rate of progression to worst outcomes (ICU
transfer or MV requirement, or in-hospital death) is not different
between unvaccinated and 2-dose or 3-dose vaccinated patients,
even after controlling for potential confounders. While several
studies have described a protective effect of prior vaccination
against disease progression in patients hospitalized for COVID-19,
in agreement with our research, other studies have found no
association between vaccination status and outcomes in patients
admitted for COVID-19 [3,15,17-20]. In the study conducted by
Grasselli et al. during a period of Delta variant predominance,
vaccinated patients admitted to an ICU for COVID-19 were
older and had more comorbidities than unvaccinated patients;
after controlling for age and comorbidities, mortality was similar
between vaccinated and unvaccinated patients [17]. Similar results
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were obtained by Brosh-Nissimov in a cohort of patients admitted
with severe/critical COVID-19 during an Omicron-dominant
period. The authors found that, compared to unvaccinated
patients, 3-dose vaccinees had a higher frequency of hypertension,
chronic renal failure, cancer and immunosuppression, and similar
rates of MV and death (49% vs. 51%, p=0.72). No association was
found between 3-dose vaccination and outcome after adjusting for
confounders. However, the study also demonstrated that the risk of
a poor outcome was reduced among patients who received a fourth
vaccine dose [15].

Patients older than 80 years represented a considerable part of
our study population (46%). In this study subgroup the median
age and burden of comorbidities were higher and the rate of
poor outcome significantly exceeded that recorded in the entire
population (29.8% wvs. 19.5%). Multivariate analysis demonstrated
a protective effect of vaccination with 3 doses -but not with 2 doses-
in this high-risk category of COVID-19 patients, confirming the
usefulness of updating vaccination status by booster dose in these
vulnerable individuals.

This study has several limitations. The retrospective design reduces
the reliability of our findings. The type of vaccinees used by
participants was not recorded; as a consequence we were unable
to explore potential effectiveness differences. The precise timing of
vaccine receipt with respect to SARS-CoV-2 infection acquisition
was not available for most participants and we could not calculate
the mean time elapsed between receipt of the second or third
vaccine dose and Omicron infection acquisition. The Omicron
variant (B.1.1.592) infection was confirmed by viral genome
sequencing in only about 1% of participants; however, as estimated
by national reports, during the study period Omicron was the
predominant SARS-CoV-2 variant.

CONCLUSION

In this cohort of patients with Omicron infection admitted to
non-ICU setting for moderate to severe COVID-19, participants
vaccinated with 2 or 3 doses had a similar rate of poor outcome
compared to unvaccinated ones, despite displaying a higher risk
profile for progression to most serious COVID-19 complications.
Adjusting for age, comorbidities and treatments, vaccination status
was not associated with ICU transfer, MV or in-hospital mortality.
Only among the high-risk subgroup of patients older than 80
years, previous 3-dose vaccination was protective against adverse
outcome compared to no vaccination. These findings underscore
the need for continued efforts in improving vaccination coverage
and restoring vaccine effectiveness by booster dose, in order to
maintain a high protection against the most severe outcomes of the
SARS-CoV-2 infection, especially among older individuals.

DISCLOSURE STATEMENT

The authors report no potential conflicts of interest. No financial
support.

FUNDING

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Immunotherapy (Los Angel), Vol.9 Iss.2 No:1000221

OPEN 8ACCESS Freely available online

REFERENCES

1. LinkGelles R, Levy ME, Gaglani M, Irving SA, Stockwell M, Dascomb K,
et al. Effectiveness of 2, 3, and 4 COVID-19 mRNA vaccine doses among
immunocompetent adults during periods when SARS-CoV-2 Omicron
BA.1 and BA.2/BA.2.12.1 sublineages predominated - VISION Network,
10 States, December 2021-June 2022. MMWR Morb Mortal Wkly Rep.
2022;71(29): 931-939.

2. Liu L, Iketani S, Guo Y, Chan JFW, Wang M, Liu L, et al. Striking
antibody evasion manifested by the Omicron variant of SARS-CoV-2.
Nature. 2022;602(7898): 676-681.

3. Lauring AS, Tenforde MW, Chappell JD, Gaglani M, Ginde AA, McNeal
T, et al. Clinical severity of, and effectiveness of mRNA vaccinees against,
covid-19 from omicron, delta, and alpha SARS-CoV-2 variants in the
United States: prospective observational study. BM]. 2022;376: e069761.

4. Andrews N, Stowe ], Kirsebom F, Toffa S, Rickeard T, Gallagher E, et al.
Covid-19 Vaccine effectiveness against the Omicron (B.1.1.529) variant. N
Engl ] Med. 2022;386: 1532-1546.

5. Higdon MM, Baidya A, Walter KK, Patel MK, Issa H, Espié E, et al.
Duration of effectiveness of vaccination against COVID-19 caused by the
omicron variant. Lancet Infect Dis. 2022;22: 1114-1116.

6. Barouch DH. Covid-19 Vaccinees - Immunity, Variants, Boosters. N Engl
] Med. 2022;387: 1011-1020.

7. Tenforde MW, Self WH, Gaglani M, Ginde AA, Douin DJ, Talbot HK,
et al. Effectiveness of mRNA Vaccination in Preventing COVID-19-
Associated Invasive Mechanical Ventilation and Death - United States,
March 2021-January 2022. MMWR Morb Mortal Wkly Rep. 2022;71:
459-465.

8. Ferdinands JM, Rao S, Dixon BE, Mitchell PK, DeSilva MB, Irving SA,
et al. Waning 2-Dose and 3-Dose Effectiveness of mRNA Vaccinees
Against COVID-19-Associated Emergency Department and Urgent
Care Encounters and Hospitalizations Among Adults During Periods of
Delta and Omicron Variant Predominance - VISION Network, 10 States,
August 2021-January 2022. MMWR Morb Mortal Wkly Rep. 2022;71:
255-263.

9. Thompson MG, Natarajan K, Irving SA, Rowley EA, Griggs EP, Gaglani
M, et al. Effectiveness of a Third Dose of mRNA Vaccinees Against
COVID-19-Associated Emergency Department and Urgent Care
Encounters and Hospitalizations Among Adults During Periods of Delta
and Omicron Variant Predominance - VISION Network, 10 States,
August 2021-January 2022. MMWR Morb Mortal Wkly Rep. 2022;71:
139-145.

10. Abu-Raddad LJ, Chemaitelly H, Ayoub HH, AIMukdad S, Yassine HM,
AlKhatib HA, et al. Effect of mRNA vaccine boosters against SARS-
CoV-2 omicron infection in Qatar. N Engl ] Med. 2022;386: 1804-1816.

11. Yoon SK, Hegmann KT, Thiese MS, Burgess JL, Ellingson K, Lutrick K,
et al. Protection with a third dose of mRNA vaccine against SARS-CoV-2
variants in frontline workers. N Engl ] Med. 2022;386: 1855-1857.

12. Collie S, Champion ], Moultrie H, Bekker LG, Gray G. Effectiveness of
BNT162b2 vaccine against Omicron variant in South Africa. N Engl ]
Med. 2022;386: 494-496.

13. Nyberg T, Ferguson NM, Nash SG, Webster HH, Flaxman S, Andrews
N, et al. Comparative analysis of the risks of hospitalisation and death
associated with SARS-CoV-2 omicron (B.1.1.529) and delta (B.1.617.2)
variants in England: a cohort study. Lancet. 2022;399: 1303-1312.

14. Stowe ], Andrews N, Kirsebom F, Ramsay M, Bernal JL. Effectiveness of
COVID-19 vaccinees against Omicron and Delta hospitalisation, a test
negative case-control study. Nat Commun. 2022;13: 5735-5736.


https://pesquisa.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/ru/covidwho-1955144
https://pesquisa.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/ru/covidwho-1955144
https://pesquisa.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/ru/covidwho-1955144
https://pesquisa.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/ru/covidwho-1955144
https://www.nature.com/articles/s41586-021-04388-0
https://www.nature.com/articles/s41586-021-04388-0
https://www.bmj.com/content/376/bmj-2021-069761
https://www.bmj.com/content/376/bmj-2021-069761
https://www.bmj.com/content/376/bmj-2021-069761
https://www.nejm.org/doi/full/10.1056/NEJMoa2119451
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(22)00409-1/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(22)00409-1/fulltext
https://www.nejm.org/doi/full/10.1056/NEJMra2206573
https://einstein.pure.elsevier.com/en/publications/effectiveness-of-mrna-vaccination-in-preventing-covid-19associate
https://einstein.pure.elsevier.com/en/publications/effectiveness-of-mrna-vaccination-in-preventing-covid-19associate
https://einstein.pure.elsevier.com/en/publications/effectiveness-of-mrna-vaccination-in-preventing-covid-19associate
https://europepmc.org/article/pmc/8853475
https://europepmc.org/article/pmc/8853475
https://europepmc.org/article/pmc/8853475
https://europepmc.org/article/pmc/8853475
https://europepmc.org/article/pmc/8853475
https://www.cdc.gov/mmwr/volumes/71/wr/mm7104e3.htm?s%5C_cid=mm7104e3%5C_x
https://www.cdc.gov/mmwr/volumes/71/wr/mm7104e3.htm?s%5C_cid=mm7104e3%5C_x
https://www.cdc.gov/mmwr/volumes/71/wr/mm7104e3.htm?s%5C_cid=mm7104e3%5C_x
https://www.cdc.gov/mmwr/volumes/71/wr/mm7104e3.htm?s%5C_cid=mm7104e3%5C_x
https://www.cdc.gov/mmwr/volumes/71/wr/mm7104e3.htm?s%5C_cid=mm7104e3%5C_x
https://www.nejm.org/doi/full/10.1056/NEJMoa2200797
https://www.nejm.org/doi/full/10.1056/NEJMoa2200797
https://www.nejm.org/doi/full/10.1056/NEJMc2201821
https://www.nejm.org/doi/full/10.1056/NEJMc2201821
https://www.nejm.org/doi/full/10.1056/NEJMc2119270
https://www.nejm.org/doi/full/10.1056/NEJMc2119270
https://www.sciencedirect.com/science/article/pii/S0140673622004627
https://www.sciencedirect.com/science/article/pii/S0140673622004627
https://www.sciencedirect.com/science/article/pii/S0140673622004627
https://www.nature.com/articles/s41467-022-33378-7
https://www.nature.com/articles/s41467-022-33378-7
https://www.nature.com/articles/s41467-022-33378-7

Faraone A, et al.

15. Brosh-Nissimov T, Hussein K, WienerWell Y, Orenbuch-Harroch E, Elbaz

16.

17.

M, Lipman-Arens S, et al. Hospitalized patients with severe COVID-19
during the Omicron wave in Israel - benefits of a fourth vaccine dose. Clin

Infect Dis. 2022;76: 234-239.

Lorenzoni G, Rosi P, De Rosa S, Ranieri VM, Navalesi P, Gregori D, et al.
COVID-19 Vaccination Status Among Adults Admitted to Intensive Care
Units in Veneto, Italy. JAMA Netw Open. 2022;5: 2213552-2213553.

Grasselli G, Zanella A, Catlesso E, Florio G, Canakoglu A, Bellani G,
et al. Association of COVID-19 Vaccinations With Intensive Care Unit
Admissions and Outcome of Critically Il Patients With COVID-19
Pneumonia in Lombardy, Italy. JAMA Netw Open. 2022;5: 2238870-
2238871.

Immunotherapy (Los Angel), Vol.9 Iss.2 No:1000221

18.

19.

20.

OPEN aACCESS Freely available online

Motos A, LopezGavin A, Riera J, Ceccato A, FerndndezBarat L, Bermejo-
Martin JF, et al. Higher frequency of comorbidities in fully vaccinated
patients admitted to the ICU due to severe COVID-19: a prospective,
multicentre, observational study. Eur Respir J. 2022;59: 2102274-2102275.

Tenforde MW/, Self WH, Adams K, Gaglani M, Ginde AA, McNeal T, et al.
Association Between mRNA Vaccination and COVID-19 Hospitalization
and Disease Severity. JAMA. 2021;326: 2043-2054.

O’Leary AL, Wattengel BA, Carter MT, Drye AF, Mergenhagen KA. Risk
factors associated with mortality in hospitalized patients with laboratory
confirmed SARS-CoV-2 infection during the period of omicron (B.1.1.529)
variant predominance. Am J Infect Control. 2022;22: 662-664.


https://erj.ersjournals.com/content/59/2/2102275.short
https://erj.ersjournals.com/content/59/2/2102275.short
https://erj.ersjournals.com/content/59/2/2102275.short
https://jamanetwork.com/journals/jama/article-abstract/2786039
https://jamanetwork.com/journals/jama/article-abstract/2786039
https://www.sciencedirect.com/science/article/pii/S0196655322006642
https://www.sciencedirect.com/science/article/pii/S0196655322006642
https://www.sciencedirect.com/science/article/pii/S0196655322006642
https://www.sciencedirect.com/science/article/pii/S0196655322006642
https://pesquisa.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/fr/ppcovidwho-336794
https://pesquisa.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/fr/ppcovidwho-336794
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2792601
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2792601
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2797781
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2797781
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2797781

