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Aim: We estimated vaccine effectiveness (VE) of full (booster) vaccination against severe outcomes in
hospitalized COVID-19 patients during the Delta and Omicron waves.
Methods: The study extended from November 15, 2021 to April 17, 2022. Full vaccination was defined as
a primary vaccination plus a booster � 6 months later.
Results: We studied 1138 patients (mean age: 66.6 years), of whom 826 (72.6 %) had � 1 comorbidity. Of
the 1138 patients, 75 (6.6 %) were admitted to intensive care unit (ICU), 64 (5.6 %) received mechanical
ventilation, and 172 (15.1 %) died. There were 386 (33.9 %) fully vaccinated, 172 (15.1 %) partially vacci-
nated, and 580 (51 %) unvaccinated patients. Unvaccinated patients were absent from work for longer
periods compared to partially or fully vaccinated patients (mean absence of 20.1 days versus 12.3 and
17.3 days, respectively; p-value = 0.03). Compared to unvaccinated patients, fully vaccinated patients
were less likely to be admitted to ICU [adjusted relative risk (ARR: 0.49; 95 % CI: 0.29–0.84)], mechani-
cally ventilated (ARR: 0.43; 95 % CI: 0.23–0.80), and die (ARR: 0.57; 95 % CI: 0.42–0.78), while they were
hospitalized for significantly shorter periods (ARR: 0.79; 95 % CI: 0.70–0.89). The adjusted full VE was
48.8 % (95 % CI: 42.7 %-54.9 %) against ICU admission, 55.4 % (95 % CI: 52.0 %-56.2 %) against mechanical
ventilation, and 22.6 % (95 % CI: 7.4 %-34.8 %) against death. For patients with � 3 comorbidities, VE was
56.2 % (95 % CI: 43.9 %-67.1 %) against ICU admission, 60.2 % (95 % CI: 53.7 %-65.4 %) against mechanical
ventilation, and 43.9 % (95 % CI: 19.9 %-59.7 %) against death.
Conclusions: Full (booster) COVID-19 vaccination conferred protection against severe outcomes, pro-
longed hospitalization, and prolonged work absenteeism.

� 2023 Elsevier Ltd. All rights reserved.
1. Introduction

Despite the successful implementation of massive vaccination
campaigns during the past two years, COVID-19 remains a leading
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cause of hospitalization and mortality globally that can be pre-
vented by vaccination [1]. The lasting prevalence of adverse
COVID-19 outcomes can be mostly attributed to the waning
vaccine-derived immunity, the emergence of highly transmissible
SARS-CoV-2 subvariants with immune-escape capacity, but also
to the fact that several individuals remain unvaccinated for various
reasons [2–7]. Starting in September 2021, booster vaccine doses
have been highly recommended in many countries including
Greece, particularly for persons with comorbidities predisposing
to severe COVID-19 outcomes, as well as to persons at high-risk
for exposure to SARS-CoV-2 [3,8–10]. Early evidence from large
population-based studies showed that vaccine effectiveness (VE)
was 55.5 % against any symptomatic Omicron SARS-CoV-2 infec-
tion as early as two to three weeks after a booster mRNA vaccine
dose, while VE against severe or fatal COVID-19 surpassed 90 %
[11]. Previous work demonstrated that full (booster) COVID-19
vaccination of healthcare personnel (HCP) in the context of a
mandatory vaccination policy in Greece significantly reduced the
duration of HCP absenteeism during a period dominated by the
Omicron variant [12]. Moreover, our study indicated that a history
of less than four months since the last vaccine dose significantly
protected HCP against the onset of COVID-19, febrile episode,
influenza-like illness, and prolonged absenteeism, irrespective of
full or partial vaccination status [12].

The aim of this study was to estimate the association of severe
outcomes (admission to ICU, invasive mechanical ventilation, and/
or death), duration of hospitalization, and work absenteeism with
full (booster) COVID-19 vaccination in hospitalized COVID-19
patients during the Delta and Omicron waves in Greece and the
VE of a booster dose compared to unvaccinated hospitalized
COVID-19 patients. Our findings may guide COVID-19 vaccination
policies and provide evidence to raise confidence on vaccination
benefits.
2. Methods

2.1. Study setting

We conducted a prospective, observational study in five
tertiary-care hospitals across Greece from November 15, 2021
(week 46/2021) to April 17, 2022 (week 15/2022). In particular,
the following hospitals participated in the study: Laikon General
Hospital (Athens), Sotiria General Hospital (Athens),
Korgialeneio-Benakeio Red Cross Hospital (Athens), 251 Hellenic
Air Force General Hospital (a military hospital in Athens), and
University Hospital of Alexandroupolis (in Alexandroupolis). At
that time, the Delta (B.1.617.2) variant prevailed until week
50/2021 and co-circulated with the Omicron (B.1.1.529) variant
in weeks 51/2021 and 52/2021, while the Omicron variant domi-
nated from week 01/2022 onwards [13].

2.2. Study population

Adult patients consecutively admitted with COVID-19 were
included in the study. Exclusion criteria were being younger than
17 years of age, no laboratory-confirmed COVID-19, asymptomatic
SARS-CoV-2 infection, and healthcare-associated COVID-19.

2.3. Data collection

The following data were collected prospectively per COVID-19
case: demographic characteristics, comorbidities (chronic cardio-
vascular disease, diabetes mellitus, immunosupression, malig-
nancy, obesity, chronic neuromuscular disorder, chronic
pulmonary disease, chronic renal disease), history of COVID-19
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vaccination (including brand name of vaccine, number of doses,
and date of last dose), history of seasonal influenza vaccination,
date of onset of COVID-19-asssociated symptoms, date of COVID-
19 diagnosis, healthcare-associated infections (blood stream infec-
tions, urinary tract infections, lower respiratory tract infections,
gastrointestinal infections, other), admission to intensive care unit
(ICU), mechanical ventilation, duration of hospitalization, death
(in-hospital mortality), and duration of absenteeism from work
(if any). Data about COVID-19 vaccination were retrieved from
the national COVID-19 vaccination registry. The data were entered
in one excel sheet per week, which was forwarded for data entry in
the central database upon completion of the follow-up of each
week’s COVID-19 cases.
2.4. Definitions

A COVID-19 case was defined as a patient with compatible
symptoms and a positive SARS-CoV-2 reverse transcription-
polymerase chain reaction (RT-PCR) and/or rapid antigen detection
test (RADT). Full COVID-19 vaccination was defined as a complete
primary series with BNT162b2 (Comirnaty; 2 doses), mRNA-1273
(Spikevax; 2 doses), ChAdOx1-S (Vaxzevria; 2 doses), AD26.COV2.
S (Janssen; 1 dose), or NVX-CoV2373 (Novavax; 2 doses), followed
by a booster dose at least six months after the primary series. Par-
tial COVID-19 vaccination was defined as a history of COVID-19
vaccination not fulfilling the criteria for full COVID-19 vaccination
(e.g. incomplete primary series, complete primary series not fol-
lowed by a booster dose six months later). Adverse outcomes were
defined as admission to ICU, invasive mechanical ventilation, and/
or death. Absenteeism was defined as absence of a patient from
work because of COVID-19.
2.5. Statistical analysis

We initially conducted a descriptive analysis to characterize our
study population overall and further stratified by COVID-19 vacci-
nation status (no vaccination, partial vaccination, or full vaccina-
tion). Differences across subgroups were evaluated using chi-
squared tests for categorical variables, and analysis of variance
(ANOVA) or Kruskal Wallis tests for continuous variables, depend-
ing on the normality of their distribution. To estimate the associa-
tion between the three adverse outcomes separately and combined
(any of the three) and COVID-19 vaccination status, we conducted
multivariable generalized linear regression models with modified
Poisson distributions, log-link functions and robust error variances
to estimate adjusted risk ratios (aRR), controlling for all factors and
characteristics used in the descriptive analyses. Similarly, a nega-
tive binomial regression model was used to estimate association
between duration of hospitalization and COVID-19 vaccination sta-
tus, due to the skewed distribution and overdispersion. Across all
regressions, hospital-fixed effects were also used to adjust for
unobserved hospital-level heterogeneity. Given that the BNT162b2
mRNA vaccine was used in 80.6 % of vaccinations, vaccine brands
were not considered in statistical analysis. Despite, we conducted
additional regressions using only patients who received BNT162b2
mRNA vaccines to evaluate the robustness of our findings. The
multivariable regression adjusted COVID-19 VE against any out-
come was estimated as follows: [1 – predicted probability of out-
come in vaccinated patients/predicted probability of outcome in
unvaccinated patients] � 100 [14]. VE was also estimated sepa-
rately by patients’ number of comorbidities to assess potential
variation based on pre-existing comorbidities [15]. Data were col-
lected using Microsoft Excel and all statistical analyses were con-
ducted using Stata version 17.0 (StataCorp, College Station, TX,
USA).
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2.6. Ethical issues

The protocol was approved by the Ethics Committees of the par-
ticipating hospitals (approval numbers: 2218/27–01-2022,
684/27–10-2021, 43561/2021, 665/21–01-2022, 17/4003/9–12-
21). The study has been conducted in full compliance with the Dec-
laration of Helsinki.
Table 1
Characteristics of patients with COVID-19, November 15, 2021 to April 17, 2022.

Characteristic N = 1138 (%)

Mean age, years (SD) 66.6 (17.5)
Gender
Male 626 (55.0)
Female 512 (45.0)
At least one comorbidity 826 (72.6)
Number of comorbidities*
One 355 (31.2)
Two 318 (27.9)
Three or more 153 (13.4)
Influenza vaccination 629 (55.3)
COVID-19 vaccination
Full vaccination 386 (33.9)
Partial vaccination 172 (15.1)
No vaccination 580 (51.0)
Mean duration from last vaccine dose to diagnosis, days (SD) 128.9 (81.1)
Mean duration from diagnosis to admission, days (SD) 2.4 (4.6)
Mean duration of hospitalization, days (SD) 10.1 (9.4)
Admission to ICU 75 (6.6)
Mean duration in ICU, days (SD) 18.1 (14.9)
Invasive mechanical ventilation 64 (5.6)
Mean duration of mechanical ventilation, days (SD) 15.5 (15.5)
Death 172 (15.1)
Any adverse outcome 205 (18.0)
Healthcare-associated infection** 92 (8.1)

COVID-19: coronavirus disease 2019; SD: standard deviation; ICU: intensive care
unit.

* chronic cardiovascular disease (450), diabetes mellitus (234), immunosupres-
sion (171), malignancy (164), obesity (151), chronic neuromuscular disorder (135),
chronic pulmonary disease (121), chronic renal disease (77).
** blood stream infection (32), urinary tract infection (23), lower respiratory tract

infection (20), gastrointestinal infection (8), other (9).

Table 2
Characteristics of COVID-19 patients by COVID-19 vaccination status.

Characteristic No vaccination N =

Mean age, years (SD) 64.0 (17.7)
Gender
Male 298 (51.4)
Female 282 (48.6)
At least one comorbidity 384 (66.2)
Number of comorbidities
One 195 (33.6)
Two 137 (23.6)
Three or more 51 (8.8)
Influenza vaccination 249 (42.9)
Mean duration from last vaccine dose to diagnosis, days (SD) –
Mean duration from diagnosis to admission, days (SD) 2.6 (4.4)
Mean duration of hospitalization, days (SD) 10.9 (9.4)
Admission to ICU 50 (8.6)
Mean duration in ICU, days (SD) 17.4 (14.8)
Invasive mechanical ventilation 44 (7.6)
Mean duration of mechanical ventilation, days (SD) 14.7 (13.9)
Death 95 (16.4)
Any adverse outcome 119 (20.5)
Healthcare-associated infection 46 (7.9)
Mean duration of absence from work, days (SD)* 20.1 (13.0)

COVID-19: coronavirus 2019; SD: standard deviation; ICU: intensive care unit.
* concerns 406 employed patients.
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3. Results

During the 22-week study period, 1138 patients were consecu-
tively admitted with COVID-19 for a mean duration of hospitaliza-
tion of 10.1 [standard deviation (SD): 9.4] days (Table 1).
Hospitalized patients had a mean age of 66.6 (SD: 17.5) years,
and 826 (72.6 %) of them had at least one comorbidity. Of the
1138 patients, 75 (6.6 %) patients were admitted to an ICU, 64
(5.6 %) patients were on invasive mechanical ventilation, and 172
(15.1 %) died during hospitalization. Overall, 205 (18 %) of the
1138 patients had at least one adverse outcome. Of the 1138 hos-
pitalized COVID-19 patients, 386 (33.9 %) patients were fully vac-
cinated, 172 (15.1 %) patients were partially vaccinated, and 580
(51 %) patients were unvaccinated. Table 2 shows the patients’
characteristics stratified by COVID-19 vaccination status. Com-
pared to partially or fully vaccinated COVID-19 patients, unvacci-
nated COVID-19 patients were hospitalized for significantly
longer duration (mean duration of hospitalization 10.9 days versus
10.2 and 9 days, respectively; p-value < 0.001), higher rates of
admission to ICU (8.6 % versus 4.7 % and 4.4 %, respectively; p-
value = 0.019), higher rates of invasive mechanical ventilation
(7.6 % versus 4.1 % and 3.4 %, respectively; p-value = 0.015), and
higher rates of any adverse outcome (20.5 % versus 17.4 % and
14.5 %, respectively; p-value = 0.057). Similarly, among 406
employed patients, unvaccinated patients were absent from their
work for significantly longer time periods compared to partially
or fully vaccinated patients (20.1 days versus 12.3 and 17.3 days,
respectively; p-value = 0.03). Overall, unvaccinated patients
accounted for 95 out of 172 deaths in our series, compared to 28
deaths among partially vaccinated patients and 49 among fully
vaccinated patients. Lastly, among 558 COVID-19 patients with a
history of full or partial COVID-19 vaccination, a mean of 128.9
(SD: 81.1) days elapsed since the last vaccine dose. There were
281 (50.4 %) patients vaccinated within<128.9 days before diagno-
sis and 277 (49.6 %) patients vaccinated>128.9 days before. The
two groups did not differ significantly in terms of rates of admis-
sion to ICU, invasive mechanical ventilation, death, and any
adverse outcome, and in terms of mean duration of hospitalization,
admission to ICU, invasive mechanical ventilation, and work
580 Partial vaccination N = 172 Full vaccination N = 386 P-value

69.8 (16.2) 69.2 (17.2) <0.001
0.04

99 (57.6) 229 (59.3)
73 (42.4) 157 (40.7)
140 (81.4) 303 (78.5) <0.001

<0.001
48 (27.9) 112 (29.0)
64 (37.2) 117 (30.3)
28 (16.3) 74 (19.2)
114 (66.3) 266 (68.9) <0.001
170.3 (114.3) 110.5 (51.0) <0.001
2.4 (4.3) 2.1 (5.1) 0.02
10.2 (8.7) 9.0 (9.6) <0.001
8 (4.7) 19 (4.4) 0.019
20.0 (17.6) 19.3 (14.5) 0.01
7 (4.1) 13 (3.4) 0.015
20.4 (20.7) 15.5 (16.5) 0.03
28 (16.3) 49 (12.7) 0.264
30 (17.4) 56 (14.5) 0.057
16 (9.3) 30 (7.8) 0.814
12.3 (6.5) 17.3 (14.9) 0.03
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absenteeism (data not shown). Table 3 shows the results of the
multivariate logistic and negative binomial regression analyses.
Compared to unvaccinated patients, fully vaccinated patients had
lower risks of ICU admission (ARR: 0.49; 95 % CI: 0.29–0.84), of
invasive mechanical ventilation (ARR: 0.43; 95 % CI: 0.23–0.80),
of death (ARR: 0.57; 95 % CI: 0.42–0.78), and of having any adverse
outcome overall (ARR: 0.54; 95 % CI: 0.41–0.72) during hospitaliza-
tion, while the duration of their hospitalization was significantly
lower (ARR: 0.79; 95 % CI: 0.70–0.89). Compared to unvaccinated
patients, partially vaccinated patients had also lower risks of
admission to an ICU (ARR: 0.46; 95 % CI: 0.22–0.96), of experienc-
ing any adverse outcome (ARR: 0.62; 95 % CI: 0.45–0.87), and stay-
ing hospitalized for longer time periods (ARR: 0.86; 95 % CI: 0.75–
0.99). However, compared to no vaccination, the association
between partial vaccination and in-hospital mortality was not sta-
tistically significant (ARR:0.72; 95 % CI: 0.50–1.02). Beyond vacci-
nation status, each additional year of age increased the risks of
each or any adverse outcome overall and the length of hospitaliza-
tion (ARR: 1.01; 95 % CI: 1.00–1.01). Similarly, patients with longer
time periods from COVID-19 diagnosis to admission were at higher
risk of ICU admission (ARR: 1.16; 95 % CI: 1.09–1.24), invasive
mechanical ventilation (ARR: 1.10; 95 % CI: 1.03–1.16), having
any adverse outcome (ARR: 1.05; 95 % CI: 1.02–1.09), and remain-
ing hospitalized for a longer period (ARR: 1.03; 95 % CI: 1.01–1.04).
Lastly, compared to patients with no comorbidity, COVID-19
patients with at least three comorbidities had a higher risk of death
(ARR: 2.47; 95 % CI: 1.55–3.93) and of any adverse outcome (ARR:
2.10; 95 % CI: 1.41–3.13). Sensitivity analyses using only patients
who received BNT162b2 mRNA vaccines yielded similar estimates.

Overall, the adjusted full COVID-19 VE was estimated at 48.8 %
(95 % CI: 42.7 %-54.9 %) against admission to ICU, 55.4 % (95 % CI:
52.0 %-56.2 %) against invasive mechanical ventilation, 22.6 % (95 %
CI: 7.4 %-34.8 %) against death, and 29.3 % (95 % CI: 18.8 %-38.4 %)
against any adverse outcome. Stratified estimation of the adjusted
full COVID-19 VE by number of comorbidities revealed the highest
effectiveness for patients with three or more comorbidities at
56.2 % (95 % CI: 43.9 %-67.1 %) against admission to ICU, 60.2 %
(95 % CI: 53.7 %-65.4 %) against invasive mechanical ventilation,
43.9 % (95 % CI: 19.9 %-59.7 %) against death, and 45.9 % (95 %
CI: 29.4 %-57.9 %) against any adverse outcome.
4. Discussion

The current study aimed to estimate the association of severe
outcomes and duration of hospitalization with full (booster)
COVID-19 vaccination as well as COVID-19 VE among COVID-19
patients hospitalized during the Delta and Omicron waves in
Greece. A significant reduction of ICU admissions, invasive
mechanical ventilations, deaths, and length of hospitalization that
was conferred by a booster dose was demonstrated in our study.
For instance, according to national surveillance data, out of 1042
COVID-19 patients hospitalized during the first pandemic wave
in Greece, 215 (20.63 %) patients were admitted to an ICU, 208
patients (19.96 %) required invasive mechanical ventilation, and
177 patients (17 %) died. At that time, 565 (53.2 %) hospitalized
patients had at least one comorbidity [16]. The findings of the cur-
rent study are in line with recently published data indicating that
booster doses targeting the ancestral SARS-CoV-2 Wuhan variant
confer significant although incomplete protection against severe
COVID-19 morbidity associated with the Delta and Omicron vari-
ants, even among patients with several comorbidities [10,15,17–
20]. A Canadian study found similar inverse associations of adverse
hospitalization outcomes with the number of vaccine doses [21].

In our study, older patients and patients with several
comorbidities were still vulnerable to severe COVID-19 morbidity.
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The moderate VE of a booster dose against admission to ICU and
invasive mechanical ventilation and the rather high (15.1 %) overall
in-hospital mortality is partially explained by the prevalent profile
of our patients (elderly with several comorbidities), which predis-
poses to reduced VE [22] and increased likelihood for severe out-
comes [16]. During the Omicron period, advanced age and
comorbidities remained great risk factors for severe COVID-19
morbidity and death even among vaccinated patients [18,23].
Nonetheless, full (booster) vaccination reduced the risk of any
adverse outcome by 45.9 % among our patients with three or more
comorbidities, which is of great importance and should be
communicated.

In our study, a booster COVID-19 vaccine dose also significantly
reduced the duration of hospitalization, consistent with a US study
of hospitalized COVID-19 patients during a Delta-dominated per-
iod [24]. This may prove critical for healthcare facilities to over-
come the burden of healthcare demand and hospitalizations [25],
given the possibility of influenza and COVID-19 co-circulation in
the next seasons [26,27] and the fact that these infections have
the same high-risk groups [28]. A recent US study using a national
healthcare database of 5.8 million individuals from March 1, 2020
until June 25, 2022 found that compared to no reinfection, reinfec-
tion further increased the risk for all-cause mortality, hospitaliza-
tion, and sequelae in multiple organ systems mostly in the post-
acute phase, regardless of vaccination status [29]. New vaccines
and vaccination strategies are needed to confer high and prolonged
protection. In September-October 2022, the adjuvated recombi-
nant protein subunit vaccine NVX-CoV2373 and two bivalent
mRNA vaccines containing components of the BA.4 and BA.5 Omi-
cron sublineages were authorized for booster doses to improve
protection against COVID-19 [30–32].

In our study a mean of 128 days elapsed since the last COVID-19
vaccine dose, which is in accordance with the gradual decline of
protection from the fourth month after booster vaccination, as
shown in real-life studies [9,11,12,19,33]. These findings should
be considered in defining the optimal COVID-19 vaccination
timing.

Another finding of the current study is that unvaccinated
COVID-19 patients had significantly longer periods of absence from
work compared to fully (boosted) or partially vaccinated COVID-19
patients. Similarly, a primary mRNA vaccine series prevented
approximately-seven out of ten episodes of absenteeism among
hospital-based HCP during 2020–2021 [34]. Our findings have
implications for the workforce and may guide vaccination policies
in essential working settings. It has been estimated that before the
deployment of COVID-19 vaccines, over 20.5 million life years were
lost due to COVID-19 globally, one third of which were among indi-
viduals aged < 55 years [1]. A model-based study using Northern
hemisphere seasonality simulations demonstrated that COVID-19
vaccine boosters should be administered annually to all individuals
who had received two vaccine doses in the past rather than target-
ing boosters to high-risk groups only (persons > 60 years and per-
sons with comorbidities), and that boosters should be delivered 3–
4 months ahead of peak winter [8]. Such policies are expected to
prevent severe COVID-19-associated hospitalizations over the next
two years [8].

The current study is potentially subject to the following limita-
tions. First, specific anti-SARS-CoV-2 treatment was not considered
in the analysis. Second, the brand name of the last vaccine dose
only was considered. Nonetheless, evidence from large studies
support the use of heterologous vaccine schedules [20,35,36].
Third, the small number of cases admitted to the ICU, on invasive
mechanical ventilation, and those that died stratified by time
elapsed since the last vaccine dose (<compared to > the mean of
128.9 days) may account for not detecting statistical significance
in adverse outcomes.
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In conclusion, a booster dose significantly decreased the likeli-
hood for admission to the ICU, invasive mechanical ventilation,
and death, particularly among patients with at least three comor-
bidities, and was associated with a significant reduction in the
duration of hospitalization among COVID-19 patients during the
Delta and Omicron waves in Greece. In addition, a booster dose sig-
nificantly reduced work absenteeism associated with COVID-19.
However, older patients and patients with several comorbidities
still remain vulnerable to severe COVID-19 morbidity. Real-life
studies to estimate COVID-19 VE are needed to guide long-term
vaccination policies against COVID-19 and to ensure vaccination
benefits for all.
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