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ARTICLE INFO ABSTRACT

Keywords: Evaluating how a COVID-19 seasonal vaccination program performed might help to plan future campaigns. This
SARS-CoV-2 study aims to estimate the relative effectiveness (rVE) against severe COVID-19 of a seasonal booster dose over
Omicron subvariants calendar time and by time since administration.

ggzlez;tl?nRN A vaceines We conducted a retrospective cohort analysis among 13,083,855 persons aged >60 years who were eligible to
Effectiveness receive a seasonal booster at the start of the 2022-2023 vaccination campaign in Italy. We estimated rVE against

severe COVID-19 (hospitalization or death) of a seasonal booster dose of bivalent (original/Omicron BA.4-5)
mRNA vaccines by two-month calendar interval and at different times post-administration. We used multivari-
able Cox regression models, including vaccination as time-dependent exposure, to estimate adjusted hazard
ratios (HR) and rVEs as [(1-HR)X100].

The r'VE of a seasonal booster decreased from 64.9% (95% CI: 59.8-69.4) in October-November 2022 to 22.0%
(95% CI: 15.4-28.0) in April-May 2023, when the majority of vaccinated persons (67%) had received the booster
at least 4-6 months earlier. During the epidemic phase with prevalent circulation of the Omicron BA.5 sub-
variant, rVE of a seasonal booster received <90 days earlier was 83.0% (95% CI: 79.1-86.1), compared to 37.4%
(95% CI: 25.5-47.5) during prevalent circulation of the Omicron XBB subvariant. During the XBB epidemic
phase, rVE was estimated at 15.8% (95% CI: 9.1-20.1) 181-369 days post-administration of the booster dose. In
all the analyses we observed similar trends of rVE between persons aged 60-79 and those >80 years, although
estimates were somewhat lower for the oldest group.

A seasonal booster dose received during the vaccination campaign provided additional protection against
severe COVID-19 up to April-May 2023, after which the incidence of severe COVID-19 was much reduced. The
results also suggest that the Omicron XBB subvariant might have partly escaped the immunity provided by the
seasonal booster targeting the original and Omicron BA.4-5 strains of SARS-CoV-2.

Elderly population

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; EMA, European Medicines Agency; RVE,
relative vaccine effectiveness; PCR, polymerase chain reaction; SED, socioeconomic deprivation; ECDC, European Centre for Disease Prevention and Control; WHO,
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1. Introduction

Since its first introduction in late 2020, vaccination has been the
main mitigation tool used to face the coronavirus disease 2019 (COVID-
19). By the end of 2023, about two-thirds of the worldwide population
had received a primary vaccination cycle, and one-third had also
received an additional booster dose [1]. However, the infection with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is still
causing high morbidity and mortality, with almost 70 million cases of
SARS-CoV-2 infection and 320,000 COVID-19 related deaths reported
worldwide in 2023 [1]. The protective effect of COVID-19 vaccines has
been observed in both experimental [2-6] and observational studies
[7-9]. However, waning of vaccine-induced immunity over time since
administration [10,11] and the diffusion of new SARS-CoV-2 variants,
possibly more transmissible and able to evade the acquired immunity
[12,13], indicate that additional seasonal booster doses with vaccines
adapted to the circulating SARS-CoV-2 sub-lineages are required to
maintain high levels of protection against infection and severe COVID-
19. To this purpose, in the early autumn 2022, the European Medi-
cines Agency (EMA) approved the utilisation of the adapted bivalent
mRNA vaccines manufactured by Pfizer/BioNtech and Moderna tar-
geting the original and Omicron BA.4-5 subvariants [14,15].

Following the EMA’s indications, in view of the 2022-2023 autumn/
winter vaccination campaign, the Italian health authorities recom-
mended a booster dose of bivalent mRNA vaccines to all persons > 60
years of age and other high-risk population groups who had the primary
vaccination cycle completed and no prior infections or additional
booster doses in the last 120 days [16]. As of January 2022, person aged
60 years and above residing in Italy, the main target of the vaccination
campaign, were about 18,1 million (31% of the total residing popula-
tion) [17]. Of these, about 13,4 million (74%) were eligible to receive a
seasonal booster dose of vaccine by late September 2022 [18].

In this study, conducted among persons > 60 years of age who were
eligible to receive a seasonal booster dose at the start of the 2022-2023
vaccination campaign, we aimed to estimate the relative effectiveness
(rVE) against severe COVID-19 of a seasonal booster dose of bivalent
(original/Omicron BA.4-5) mRNA vaccines over calendar time after the
start of the campaign and by time since administration during prevalent
circulation of different Omicron subvariants. We also aimed to measure
the impact of the vaccination campaign with bivalent (original/Omicron
BA.4-5) mRNA vaccines through estimating the number of averted se-
vere COVID-19 cases.

2. Methods
2.1. Data sources

We used data extracted on 5 January 2024 from the National
Vaccination registry (held by the Ministry of Health) and from the Na-
tional COVID-19 Integrated Surveillance System (coordinated by the
Italian National Institute of Health) [19,20]. We conducted a deter-
ministic record linkage using the individual tax code as a key variable to
merge these datasets. The National Vaccination registry includes infor-
mation on dates and vaccine brands for all vaccine administrations,
together with demographic and clinical characteristics of all people who
received at least one dose of a COVID-19 vaccine. The National COVID-
19 Surveillance System records data on all cases of SARS-CoV-2 infec-
tion who were laboratory-confirmed through polymerase chain reaction
(PCR) or antigen tests in medically attended facilities (pharmacies and
private/public health centres). It includes information on the date of
positive testing and clinical outcomes (e.g., COVID-19 related hospi-
talization and death). No information on possible deaths occurring for
causes unrelated to COVID-19 was available from these data sources.
Therefore, we used the publicly available life tables by region, age, and
sex for the year 2019 (when SARS-COV-2 was not circulating in Italy) to
impute the expected date of death for causes other than COVID-19 [21]
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(Supplementary Methods S1 for more details). Moreover, we also used
the last available information on the levels of urbanization and socio-
economic deprivation (SED) of the Italian municipalities, which was
linked to individual records through the municipality’s code where
vaccination took place [22,23]. Finally, we used data retrieved from the
TESSy database, managed by the European Centre for Disease Preven-
tion and Control (ECDC), to identify the epidemic phases characterised
by the prevalent circulation of different SARS-CoV-2 Omicron sub-
variants [24].

2.2. Study design and selection of participants

Based on this data, we conducted a nationwide retrospective cohort
analysis among persons > 60 years of age who were eligible to receive
the seasonal vaccine at the starting date of the campaign on 26
September 2022 (i.e., those with at least the primary vaccination cycle
completed and no laboratory-confirmed prior infections or additional
booster doses in the last 120 days). For different observation periods
between 26 September 2022 and 30 September 2023 (i.e.,two-month
calendar intervals as of the start of the campaign and periods with
prevalent circulation of different Omicron subvariants), we compared
time to laboratory-confirmed SARS-CoV-2 infection leading to severe
COVID-19 (i.e., hospitalization or death occurring within 28 days since
testing positive) between persons who received a booster dose with
bivalent (original/Omicron BA.4-5) mRNA vaccines during the seasonal
vaccination campaign (26 September 2022 to 31 March 2023) and those
who did not. According to Italian guidelines, based on indications from
the World Health Organization (WHO) [25], a COVID-19 related death
was defined as that occurred in presence of a clinical picture suggestive
of COVID-19, the absence of a clear cause of death different from
COVID-19 (e.g., trauma), and the absence of a complete clinical recov-
ery from the disease. Likewise, only the hospitalisations of cases with
clinical manifestations of the respiratory tract or other organs directly
associated to SARS-CoV-2 infection are expected to be reported to the
surveillance system.

After the initial selection of the eligible population > 60 years of age,
we excluded persons with missing information for vaccination (i.e.,
vaccination date or vaccine brand), dates of hospitalization or death, or
other variables considered in the analysis. We also excluded persons
with inconsistent data and those who received a booster dose other than
the bivalent (original/Omicron BA.4-5) mRNA vaccine on the starting
date of the vaccination campaign) (Fig. 1).

2.3. Statistical analysis

We conducted a time-to-event analysis, with individual follow-up
starting at the beginning of the vaccination campaign on 26
September 2022 and ending on the first of the following dates: the date
of laboratory-confirmed infection subsequently leading to severe
COVID-19, the imputed date of death for causes unrelated to COVID-19,
the date of administration of a seasonal booster with vaccines other than
the bivalent (original/Omicron BA.4-5) mRNA ones, the date of vaccine
administration after the end of the seasonal campaign (31 March 2023),
the date of a second booster dose received during the study period, or the
end of the study period on 30 September 2023.

After splitting individual data to account for time-varying vaccina-
tion status, we performed a multivariable Cox proportional hazards
regression analysis, using calendar time measured in days as the un-
derlying time scale, to estimate the adjusted hazard ratio (HR) of severe
COVID-19 in the eligible persons who received a seasonal booster dose
compared to those who did not. A Cox proportional hazard model was
run separately for each two-month calendar period (October November
2022 to August-September 2023).

Moreover, the same model was used to estimate HRs according to
time since administration of the seasonal booster (i.e., 15-90 days,
91-180 days, and > 180 days) during three different epidemic phases
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characterised by the prevalent circulation of the Omicron subvariants
BA.5 (weeks 39-46/2022; 74.3%), BQ.1 (week 47/2022-8/2023;
56.2%) and XBB (week 9-39/2023; 86.8%) (Fig. 2) [24]. In this model,
including the interaction between vaccination status and epidemic
phase, we excluded persons who had received a diagnosis of SARS-CoV-
2 infection between the starting date of the vaccination campaign and
the starting date of the respective epidemic phase.

All the analyses were stratified by age group (i.e., 65-79 years and >
80 years) and estimates were adjusted for sex, age (5-year age groups
from 60 to 64 up to 90-94 and then grouping > 95 years), country of
birth (born in Italy or abroad), geographical area where the last vacci-
nation took place (19 regions and two autonomous provinces of Italy),
high-risk conditions (none, residence in long term care facilities,
immunocompromisation, other health-risk conditions; Supplementary
Table S1 for more details), number of doses received before the starting
date of the study (2, 3, or 4), and urbanization level (high, medium, low)
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and SED level (1st quintile-least deprived to 5th quintile-most deprived)
of the municipality of where vaccination took place. The rVE estimates
were calculated as [(1-HR) X 100] and presented together with their
95% confidence intervals (CI).

Finally, we conducted an analysis where, using a formula based on
r'VE, vaccine uptake and number of observed events by two-month cal-
endar period and age group, we estimated the number of severe COVID-
19 cases averted through the vaccination campaign with bivalent
(original/Omicron BA.4-5) mRNA vaccines [26,27]. We also estimated
the expected number of averted cases according to scenarios where
vaccine uptake during the seasonal campaign was set at different levels
(i.e., 50%, 75% and 90%).

2.4. Ethics

This study, based on routinely collected data, was not submitted for

(26/9/2022)
n=13,370,862

Vaccinated 260 years eligible to
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original/BA.4-5 mRNA vaccines on | g

the starting date of the study -

SARS-CoV-2 cases from the surveillance
system linked to the vaccination registry
n=3,409,675 (25.5%)

Invalid combination of vaccine brands?

>
n=2,124 (0.02%)
Missing vaccination date and/or vaccine
> brand

n=64,893 (0.49%)

Booster dose received before the

> recommended date or before approval
of the vaccine brand
n=1,249 (<0.01%)

Invalid time-interval between two
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(n=183,199) or on date of

\ 4
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\ 4

n=42 (<0.01%)

Vaccinated on the starting date of the
> study (26/9/2022) with a vaccine other

than the bivalent original/BA.4-5
n=14,010 (0.10%)

Vaccinated included in the analysis
n=13,083,855 (97.9%)

Vaccinated who did not receive a
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original/BA.4-5 mRNA vaccines
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during the seasonal vaccination
campaign
n=11,380,497 (87.0%)

during the seasonal vaccination
campaign
n=1,703,358 (13.0%)

Fig. 1. Selection of study participants eligible to receive a booster dose of bivalent (original/Omicron BA.4-5) mRNA vaccines at the start of the seasonal vaccination
campaign (Italy, 26 September 2022 — 31 March 2023). ! Persons with completed primary vaccination cycle who received the last vaccine dose and had a possible
prior SARS-CoV-2 infection more than 120 days before the start of the vaccination campaign. 2 Combination of vaccines not foreseen by the national recommen-
dations (e.g., first booster with non-mRNA vaccines) 3 Less than 19 days between the first and second dose, and less than 90 days between the second and third dose

or between two consecutive booster doses.
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Fig. 2. Prevalence of circulating Omicron SARS-CoV-2 subvariants, cumulative vaccinations during the seasonal campaign, and number of severe COVID-19 cases by

calendar week (Italy, 26 September 2022 — 30 September 2023).

approval to an ethical committee because the dissemination of COVID-
19 surveillance data was authorized by Law number 52 on 19 May
2022 (article 13). Because of the retrospective design and the large size
of the population under study, in accordance with the Authorization n. 9
released by the Italian data protection authority on 15 December 2016,
the individual informed consent was not requested for the conduction of
this study.

3. Results

Of the 13,370,862 persons > 60 years eligible to receive a booster
dose of bivalent (original/Omicron BA.4-5) mRNA vaccines on the
starting date of the study, we excluded 287,007 (2.1%) persons with
missing information or inconsistent data for vaccination, clinical
outcome or other variables considered in the study (Fig. 1). We therefore
included 13,083,855 persons in the analysis, 1,703,358 (13.0%) of
whom received a seasonal booster dose of bivalent (original/Omicron
BA.4-5) mRNA vaccines during the vaccination campaign, most of them
on or before 31 December 2022 (n = 1,474,251; 86.5%). Almost all the
persons who received a seasonal booster dose of these vaccines were
vaccinated with the Comirnaty bivalent (original/Omicron BA.4-5)
mRNA vaccine manufactured by Pfizer/BioNTech (n = 1,669,910;
98.0%), while the remaining received the Spikevax bivalent (original/
Omicron BA.4-5) mRNA vaccine manufactured by Moderna (n =
33,448; 2.0%). Of the 13,083,855 persons included in the analysis,
780,529 (6.0%) had received a seasonal booster dose of other COVID-19
vaccines, mostly the bivalent (original/Omicron BA.1) mRNA vaccines
(97%), and were censored at the date of receipt of the seasonal booster
in the time-to-event analysis.

3.1. Demographic and clinical characteristics of the study population

The demographic and clinical characteristics of vaccinated persons
included in the study are presented in Table 1.

We did not observe substantial differences in the distribution by sex
between individuals who received the seasonal booster and those who
did not, while we observed a higher median age in the former group (74
years; IQR: 67-81 vs. 71 years; IQR: 65-79). Among persons who did not
receive the seasonal booster dose, we observed a relatively higher

proportion of foreign-born individual (4.8% vs. 3.0%), residents in
southern Italy (37.7% vs. 20.1%), and residents in most deprived mu-
nicipalities (52.6% vs. 39.6%). Those who received the seasonal booster
had more frequently received a prior booster dose (96.1% vs 85.8%) and
were more frequently presenting high-risk conditions (71.1% vs. 56.5%)
and living in urban municipalities (39.8% vs. 33.5%).

3.2. Relative vaccine effectiveness against severe COVID-19 over calendar
time

Among the 13,083,855 persons included in the analysis, we observed
51,176 (0.39%) cases of severe COVID-19; 3,759 (0.22%) in those who
received the seasonal booster and 47,417 (0.42%) in those who did not.

The rVE against severe COVID-19 of a seasonal booster dose of
bivalent (original/Omicron BA.4-5) mRNA vaccines peaked during the
first two months of the vaccination campaign (October-November
2022), when it was estimated at 68.3% (95% CI: 60.7-74.4) in persons
aged 60-79 years and 62.6% (95% CIL: 55.4-68.6) in those aged 80 years
and above (Fig. 3-A; Supplementary Table S2). It then decreased over
the following two-month calendar intervals, from December-January
2023, at the end of which 96.8% of persons vaccinated with the sea-
sonal booster during the campaign had already received it (Fig. 2), to
April-May 2023, when the seasonal booster was still showing a signifi-
cant protective effect (fVE = 25.3%; 95% CI: 15.4-34.1 in the 60-79
years age group and rVE = 19.5%; 95% CI: 10.5-27.6 in the > 80 years
age group). During the summer period, from June to September 2023,
we did not observe any significant protection conferred by a seasonal
booster dose administered during the vaccination campaign which
ended on 31 March 2023.

3.3. Relative vaccine effectiveness against severe COVID-19 over time
since booster dose

In the period when the Omicron BA.5 subvariant was prevalent in
Italy (weeks 39-46/2022; 74.3%) (Fig. 2), the rVE against severe
COVID-19 of a seasonal booster received < 90 days earlier was 86.3%
(95% CI: 80.8-90.3) in the 60-79 years age group and 80.4% (95% CI:
74.8-84.8) in the > 80 years age group (Fig. 3-B). The rVE in the same
time interval since the booster dose was lower in the calendar period
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Table 1
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Baseline characteristics of the individuals included in the analysis (Italy, 26 September 2022).

Did not receive seasonal booster’ Received seasonal booster’ Total
n = 11,380,497 n = 1,703,358 n = 13,083,855
n % n % n %
Sex
Female 6,249,507 54.9 906,528 53.2 7,156,035 54.7
Male 5,130,990 45.1 796,830 46.8 5,927,820 45.3
Age
60-64 years 2,753,230 24.2 259,368 15.2 3,012,598 23.0
65-69 years 2,224,237 19.5 306,885 18.0 2,531,122 19.3
70-74 years 1,977,272 17.4 338,088 19.8 2,315,360 17.7
75-79 years 1,586,242 13.9 298,120 17.5 1,884,362 14.4
80-84 years 1,377,089 12.1 256,165 15.0 1,633,254 12.5
85-89 years 897,573 7.9 157,400 9.2 1,054,973 8.1
90-94 years 431,907 3.8 69,730 4.1 501,637 3.8
>95 years 132,947 1.2 17,602 1.0 150,549 1.2
Median (IQR) 71 (65-79) 74 (67-81) 72 (65-80)
Country of birth
Italian-born 10,837,461 95.2 1,652,151 97.0 12,489,612 95.5
Foreign-born 543,036 4.8 51,207 3.0 594,243 4.5
Geographical macroarea
North-West 2,943,731 25.9 595,282 34.9 3,539,013 27.0
North-East 2,106,764 18.5 324,321 19.0 2,431,085 18.6
Centre 2,255,422 19.8 429,238 25.2 2,684,660 20.5
South and Islands 4,074,580 35.8 354,517 20.8 4,429,097 33.9
High-risk group
None 8,087,966 71.1 962,098 56.5 9,050,064 69.2
LTCF residents 187,775 1.6 31,521 1.9 219,296 1.7
Immunocompromisation2 58,633 0.5 15,010 0.9 73,643 0.6
Other health-risk conditions® 3,046,123 26.8 694,729 40.8 3,740,852 28.6
Number of prior doses
2 doses (primary vaccination) doses) 1,613,897 14.2 66,640 3.9 1,680,537 12.8
3 doses (first booster) 9,070,797 79.7 1,468,751 86.2 10,539,548 80.6
4 doses (second booster) 695,803 6.1 167,967 9.9 863,770 6.6
Urbanization level®
High 3,847,802 33.8 689,228 40.5 4,537,030 34.7
Medium 5,404,365 47.5 774,496 45.5 6,178,861 47.2
Low 2,128,330 18.7 239,634 14.1 2,367,964 18.1
Deprivation level®
1st quintile (least deprived) 932,504 8.2 197,192 11.6 1,129,696 8.6
2nd quintile 1,632,430 14.3 300,150 17.6 1,932,580 14.8
3rd quintile 2,831,043 24.9 530,001 31.1 3,361,044 25.7
4th quintile 3,286,621 28.9 453,937 26.6 3,740,558 28.6
5th quintile (most deprived) 2,697,899 23.7 222,078 13.0 2,919,977 22.3

IQR, interquartile range.

! Vaccinations status: having received or not a booster dose of mRNA bivalent (original/Omicron BA.4-5) vaccines during the seasonal vaccination campaign (26

September 2022 to 31 March 2023).

2 lmmunocompromisation and other health-risk conditions are listed in Supplementary Table S1.
3 Urbanization and deprivation levels were based on the municipality where vaccination took place.

when the Omicron BQ.1 subvariant was prevalent (weeks 47/2022-8/
2023; 56.2%) (rVE = 58.9%; 95% CI: 55.1-62.4 in the 60-79 years age
group and rVE = 56.7%; 95% CI: 53.5-59.7 in the > 80 years age group)
and in that with prevalent circulation of the Omicron XBB subvariants
(weeks 9-39/2023; 86.8%) (rVE = 39.9%; 95% CI: 20.2-54.8 in the
60-79 years age group and rVE = 35.2%; 95% CI: 19.1-48.2 in the > 80
years age group).

During the Omicron BQ.1 prevalent period, 91-180 days after the
seasonal booster dose receipt, the rVE against severe COVID-19
decreased to 45.4% (95% CIL: 33.3-55.2) in the 60-79 years age group
and to 29.6% (95% CI: 16.6-40.5) in the > 80 years age group. During
the period with prevalent circulation of the Omicron XBB subvariants,
the rVE decreased to 31.6% (95% CI: 23.6-38.7) 91-180 days after the
seasonal booster dose administration and to 20.9% (95% CI: 12.6-28.4)
> 180 days later in persons aged 60-79 years. In the same epidemic
period, among persons > 80 years of age, the rVE decreased to 22.6%
(95% CI: 15.3-29.3) 91-180 days after the seasonal booster dose
administration and to 10.3% (95% CI: 2.4-17.6) > 180 days later.

3.4. Number of averted severe COVID-19 cases

Overall, it was estimated that the seasonal vaccination campaign
based on a booster dose of bivalent (original/Omicron BA.5-5) vaccines
averted 2,320 cases of severe COVID-19 during the study period (4.3%
of the expected cases without a vaccination campaign); 975 (4.4%) cases
in persons aged 60-79 years and 1,345 (4.3%) in those aged > 80 years
(Fig. 4; Supplementary Table S2). We also estimated that, according to
scenarios where vaccine uptake during the seasonal campaign was set at
75% and 90%, the total number of averted severe COVID-19 cases would
have been 12,650 (23.7%) and 15,178 (28.4%), respectively.

4. Discussion

We found that, in Italy, among people > 60 years of age who received
a seasonal booster dose of bivalent (original/Omicron BA.4-5) mRNA
vaccines, it conferred additional protection against severe COVID-19 up
to April-May 2023, when most of the vaccinated persons included in the
analysis (67.4%) had received the seasonal booster at least 4-6 months
earlier. We also found that, overall, the autumn/winter vaccination
campaign, based on a booster dose of bivalent (original/Omicron
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Fig. 3. Age-specific rVE against severe COVID-19 over two-month calendar
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vaccination was 15-55 days for the analysis of the period with prevalent cir-
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91-153 days for the analysis of the period with prevalent circulation of the
Omicron BQ.1 variant.

BA.5-5) vaccines prevented 2,320 cases of severe COVID-19 over 12
months (October 2022 to September 2023), reflecting the low vaccine
uptake during the campaign (13%) rather than a low rVE. Most of these
cases (93%) were averted during the autumn/winter season (October
2022 to March 2023), when the concomitant circulation of other res-
piratory viruses and the higher incidence of season-related diseases put
healthcare services under pressure. Considering that, according to
simulated scenarios, the number of averted cases would have been much
higher if vaccine uptake was 75% or more, we think that a seasonal
booster dose might have also provided indirect benefits making avail-
able additional resources for healthcare services.

In April 2023, the ECDC suggested that a spring 2023 COVID-19
vaccination campaign, targeting the elderly population > 80 years of
age and other high-risk groups, could have increased individual pro-
tection and have had a substantial effect at population level under
specific circumstances, such as high vaccine uptake in both the autumn
and spring campaigns [28]. However, in Italy, as mentioned above,
vaccine uptake during the 2022-2023 autumn/winter campaign was
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quite low (19% also considering those who received a booster dose of
vaccines different from the bivalent (original/Omicron BA.4-5) mRNA
vaccines). Moreover, although in general a predictable pattern of
COVID-19 seasonality has not yet been established, the trend of severe
COVID-19 cases shown in Fig. 2 indicates that during 2022-2023 the
impact of the disease has been higher during the period corresponding to
the traditional influenza season, with relatively few cases during the
summer months, when we observed no significant residual protection
provided by the seasonal booster. All this suggests that, in Italy, a
possible spring 2023 vaccination campaign would have not added sub-
stantial benefits and the needed resources to implement it were better
addressed to other public health priorities. However, it is worthwhile to
note that, given the possible emergence of new SARS-CoV-2 variants, the
availability of new adapted COVID-19 vaccines, and possible changes in
epidemiological trends over time, the expected benefits of a spring
vaccination campaign should be re-evaluated year by year.

During 2022-2023, different sublineages of the Omicron SARS-CoV-
2 variant were circulating in Italy (Fig. 2). We found that early rVE
against severe COVID-19 (15-90 days post-administration) was higher
during prevalent circulation of the Omicron BA.5 subvariant compared
to periods when the BQ.1 and XBB subvariants were prevalent. Although
a comparison of the bivalent (original/Omicron BA.4-5) mRNA vac-
cines’ performance during different epidemic phases may suffer from a
bias due to differences in unmeasured characteristics of persons who
received the seasonal booster at different times [29], this result suggests
that the Omicron BQ.1 and XBB sublineages might have partly escaped
the immunity provided by the seasonal booster targeting the original
and Omicron BA.4-5 strains of SARS-CoV-2. This is consistent with
findings from other studies that showed a relatively low neutralization
activity against Omicron BQ.1, and XBB from mRNA bivalent booster
[30,31].

Although showing a similar pattern of decrease over six months post-
administration, the rVE of a booster dose of bivalent (original/Omicron
BA.4-5) mRNA vaccines against severe COVID-19 likely caused by the
BQ.1 subvariant was higher compared to that against the severe disease
likely due to the Omicron XBB subvariants. We observed a negligible
vaccine-induced protection six months after the booster dose adminis-
tration in persons > 80 years of age during the period when the Omicron
XBB subvariants were prevalent. Similar waning of protection against
severe COVID-19 likely due to Omicron XBB subvariants was observed
in other European countries [32,33].

In all analyses we found rVE estimates slightly lower in persons > 80
years of age compared to those aged 60-79 years, possibly because of a
reduced humoral immune response associated with increasing age [34].

This nationwide study, representative of all residents in Italy > 60
years of age, evaluated both the rVE over calendar time, reflecting the
timing of vaccine uptake and the epidemic trend during 2022-2023, and
the rVE by time since seasonal booster administration.

It has, however, some limitations. First, the analysis was adjusted for
several variables but, as for other observational studies, we were not
able to control for unmeasured potential confounders that could have
affected our estimates (e.g., behavioural factors associated with both
vaccine uptake and risk of SARS-CoV-2 infection).

Second, given the high diffusion of self-diagnosis through at-home
testing and the possible under-ascertainment of asymptomatic and
mild cases, it is likely that many SARS-CoV-2 infections were not re-
ported to the national surveillance system, thus leading to a possible
overestimation of the eligible individuals at the start of the vaccination
campaign and of each epidemic phase considered in the analysis. This
was likely more frequent in those who did not receive the seasonal
booster or received it later during the campaign, possibly causing an
underestimation of rVE in the first months after the start of the vacci-
nation campaign and after the administration of the seasonal booster
dose.

Third, as mentioned before, the comparison of rVE by time since
booster administration among different epidemic phases should be
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Fig. 4. Number of severe COVID-19 cases averted through the seasonal vaccination campaign and according to scenarios with vaccine uptake set at different levels.
VC, vaccination coverage. * VC during the vaccination campaign was 12.3% in persons aged 65-79 years and 15.0% in those >80 years of age.

interpreted with cautions because of the possible different unmeasured
characteristics among persons who received the seasonal booster at
different times [29]. For example, those who received the booster dose
later might be generally less prone to adopt preventive measures and
therefore have had a higher exposure to risky behaviours than those who
received it earlier. This could have resulted in a relative underestimation
of rVE during the Omicron XBB epidemic phase, especially early after
the seasonal booster, and a slight overestimation of rVE in the previous
epidemic phases, especially during the prevalent circulation of the
Omicron BA.5 subvariant, when they have contributed to the analysis as
unvaccinated with the seasonal booster. Moreover, it should be noted
that rVE early after administration of a seasonal booster dose during the
Omicron BA.5 epidemic phase was estimated up to 55 days post-
administration, as compared to 90 days post-administration during the
Omicron BQ.1 and XBB epidemic phases, possibly yielding an over-
estimation of differences with estimates for the Omicron BQ.1 and XBB
prevalence periods. To a lesser extent, this also applies to the compari-
son of rVE 91-180 days after administration of a seasonal booster dose
between the Omicron BQ.1 and XBB epidemic phases, having been
possible to estimate the former only up to 153 days post-administration.
However, in both cases, censoring the observations at 55 days and 153
days post-administration, respectively, we found increased but still
lower rVE estimates 15-55 days post-administration during the BQ.1
and XBB epidemic phases compared to the estimate for the BA5
epidemic phase, as well a negligible increase of the rVE estimate 91-153

days post-administration during the XBB epidemic phase.

Fourth, although the Italian surveillance system foresees only the
notification of hospitalisations caused by COVID-19, it is possible that
cases incidentally tested positive at admission were misclassified as se-
vere cases, possibly introducing a bias toward underestimation of rVE
[35].

Fifth, we adjusted our estimates for the level of socioeconomic
deprivation measured at municipality level, which does not necessarily
reflect the individual socioeconomic status, especially in large munici-
palities where heterogeneity between subareas is likely present.

Finally, the study was conducted assuming that all cases included in
the analysis for each epidemic phase were due to the Omicron sub-
variants estimated to be prevalent in that period (Fig. 2). However, a
proportion of these cases, especially during the Omicron BQ.1 phase,
could have been caused by other co-circulating subvariants, possibly
introducing a bias in our estimates.

5. Conclusions

The results of this study suggest that, among persons aged > 60, a
booster dose of bivalent (original/Omicron BA.4-5) mRNA vaccines
received during the seasonal vaccination campaign conducted in Italy
provided additional protection against severe COVID-19 up to April-May
2023, after which the weekly number of severe COVID-19 cases became
relatively low. We also found that early rVE against severe COVID-19



M. Fabiani et al.

(15-90 days post-administration) was higher during prevalent circula-
tion of the Omicron BA.5 subvariant than during the epidemic phases
with prevalent circulation of the Omicron BQ.1 and XBB subvariants,
suggesting that the latter might have partly escaped the immunity pro-
vided by the seasonal booster targeting the original and Omicron BA.4-5
strains of SARS-CoV-2. Further analyses focusing on the currently
ongoing 2023-2024 vaccination campaign and those possibly imple-
mented in the following seasons would help in planning the timing and
to evaluate the need of adapted booster vaccines according to updated
epidemiological data.
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