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a b s t r a c t

Several countries started a 2nd booster COVID-19 vaccination campaign targeting the elderly population,
but evidence around its effectiveness is still scarce. This study aims to estimate the relative effectiveness
of a 2nd booster dose of COVID-19 mRNA vaccine in the population aged � 80 years in Italy, during pre-
dominant circulation of the Omicron BA.2 and BA.5 subvariants.
We linked routine data from the national vaccination registry and the COVID-19 surveillance system.

On each day between 11 April and 6 August 2022, we matched 1:1, according to several demographic and
clinical characteristics, individuals who received the 2nd booster vaccine dose with individuals who
received the 1st booster vaccine dose at least 120 days earlier. We used the Kaplan-Meier method to com-
pare the risks of SARS-CoV-2 infection and severe COVID-19 (hospitalisation or death) between the two
groups, calculating the relative vaccine effectiveness (RVE) as (1 – risk ratio)X100.
Based on the analysis of 831,555 matched pairs, we found that a 2nd booster dose of mRNA vaccine,

14–118 days post administration, was moderately effective in preventing SARS-CoV-2 infection com-
pared to a 1st booster dose administered at least 120 days earlier [14.3 %, 95 % confidence interval
(CI): 2.2–20.2]. RVE decreased from 28.5 % (95 % CI: 24.7–32.1) in the time-interval 14–28 days to
7.6 % (95 % CI: �14.1 to 18.3) in the time-interval 56–118 days. However, RVE against severe COVID-
19 was higher (34.0 %, 95 % CI: 23.4–42.7), decreasing from 43.2 % (95 % CI: 30.6–54.9) to 27.2 % (95 %
CI: 8.3–42.9) over the same time span.
Although RVE against SARS-CoV-2 infection was much reduced 2–4 months after a 2nd booster dose,

RVE against severe COVID-19 was about 30 %, even during prevalent circulation of the Omicron BA.5 sub-
variant. The cost-benefit of a 3rd booster dose for the elderly people who received the 2nd booster dose at
least four months earlier should be carefully evaluated.

� 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license.
(http://creativecommons.org/licenses/by-nc/4.0/).
1. Introduction

The rising number of severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) infections associated with the rapid spread
of the Omicron (B.1.1.529) variant, alongside evidence of waning
effectiveness few months after a first booster dose of coronavirus
disease 2019 (COVID-19) vaccine [1], led several countries to start
a second booster vaccination campaign targeting the elderly popu-
lation and other high-risk groups.
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In Italy, a second booster vaccination campaign against COVID-
19 targeting all persons aged � 80 years (regardless of health sta-
tus), persons aged � 60 years presenting health-risk conditions,
and residents in long-term care facilities (LTCF) started on 11 April
2022 [2]. The second booster vaccination campaign was subse-
quently extended, on 11 July 2022, to all persons aged 60–79 years,
regardless of health status, and to persons aged� 12 years present-
ing health-risk conditions [3]. The administration of the second
booster dose was recommended at least four months after the
administration of the first booster dose or a prior infection using
messenger ribonucleic acid (mRNA) vaccines [i.e., BNT162b2
(Pfizer-BioNTech) or mRNA-1273 (Moderna)].

As of 4 September 2022, a total of 2,305,053 people received a
second booster vaccine dose. Of these, more than half were elderly
people aged � 80 years (1,318,583; 57.2 %) [4].

There is limited evidence around the effectiveness of a 2nd
booster vaccine dose and comparability across the published stud-
ies is difficult due to methodological heterogeneity (e.g., different
study populations) [5–13]. The few studies focusing on the general
elderly population were all conducted in Israel, during predomi-
nance of the Omicron BA.1 and BA.2 subvariants, and were based
on a relatively short follow-up time, ranging from 2 to 10 weeks
after the administration of the second booster vaccine dose [7–10].

This study aims to evaluate the relative effectiveness of a sec-
ond booster dose of mRNA vaccine up to 17 weeks post administra-
tion, as compared to a first booster dose given at least 120 days
earlier, in the elderly population aged � 80 years in Italy, during
an epidemic phase characterized by predominance of the Omicron
BA.2 and BA.5 subvariants.
2. Material and methods

2.1. Data sources and study design

Using the individual tax code as key variable, we linked data on
vaccinated persons from the Italian National Vaccination Registry
(held by the Ministry of Health) [14] with data on notified
laboratory-confirmed cases of SARS-CoV-2 infection from the
National COVID-19 Integrated Surveillance System (coordinated
by the Istituto Superiore di Sanità, namely the Italian National
Institute of Health) [15]. The National Vaccination Registry
includes information on demographic and clinical characteristics
for all individuals who received at least one dose of a COVID-19
vaccine in Italy, as well as the date and type of vaccine for each
administered dose. The National COVID-19 Surveillance System
collects data on all notified cases of SARS-CoV-2 infection who
were laboratory-confirmed through a polymerase chain reaction
(PCR) assay or, since 15 January 2021, through an antigenic test
performed in medically attended facilities (pharmacies and pri-
vate/public health centres). It includes information on date of test-
ing and COVID-19 related clinical outcomes (e.g., hospitalisation
and death).

We conducted a matched retrospective cohort study, emulating
a clinical trial [16,17], to compare times to SARS-CoV-2 infection
and to severe COVID-19 between persons aged � 80 years who
had received the 2nd booster dose of an mRNA vaccine in Italy
and those who had received only the 1st booster dose at least
120 days earlier. The study started on 11 April 2022 (starting date
of the second booster vaccination campaign targeting all persons
aged � 80 years in Italy) [2], when the Omicron BA.2 variant was
predominant in Italy (Fig. 1) [18]. It ended on 7 August 2022, when
the Omicron BA.5 variant was predominant [19], to ascertain SARS-
CoV-2 infections leading to hospitalisation or death within 28 days
since the date of testing positive, up to 4 September 2022. We used
data extracted from both sources on 7 September 2022, thus
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accounting for at least 3 days of possible notification delay for
the last event of interest.

No information on possible deaths occurred for causes unre-
lated to COVID-19 was available from these data sources. There-
fore, based on the life tables by region, age, and sex for the year
2019 published by the Italian Institute of Statistics [20], assuming
a uniform distribution of deaths over the year, we imputed the
expected date of death of vaccinated persons who were not diag-
nosed with infection during the study period (see Supplementary
Method S1 for more details).
2.2. Selection of the study sample

We initially selected from the National Vaccination Registry all
individuals aged � 80 years at the start of the study (11 April 2022)
who had received at least one vaccine dose before the end of the
study (7 August 2022) (Fig. 2). We then excluded the following
groups:

- persons who did not receive the 1st booster dose,
- persons who died before the start of the study,
- persons who received the 1st booster dose before 27 September
2021 (starting date of the 1st booster vaccination campaign for
persons aged � 80 years, regardless of frailty status or other
high-risk conditions [21]),

- persons who received the 1st booster dose after 12 December
2021 (less than 120 days before the starting date of the study),

- persons who received the 2nd booster dose before the starting
date of the study (coinciding with the starting date of the 2nd
booster vaccination campaign for persons aged � 80 years,
regardless of immunodeficiency status [2]),

- persons who tested positive for SARS-CoV-2 infection less than
120 days before the study starting date (not eligible to receive a
2nd booster dose on that date),

- persons with missing or inconsistent information (less than1%).

The remaining eligible individuals were classified as having
received a 2nd booster dose before the end of the study on 7
August 2022 (2nd booster group) or having received only the 1st
booster dose (1st booster group). For each day from 11 April to 6
August 2022, we matched 1:1 (with replacement) any individual
who had received the 2nd booster dose on that day with a ran-
domly selected individual who, on the same day, was alive and
was not tested positive for SARS-CoV-2 infection earlier during
the study period (including individuals in the 2nd booster group
who had not yet received the 2nd booster dose by that day).
Matching was based on sex, exact age measured in years (up to
95 and then grouping � 95 years), country of birth (Italy vs other
countries), geographical area where vaccination took place (19
regions and 2 autonomous provinces), presence/absence of high-
risk conditions (i.e., residence in LTCFs or at least one of the
health-risk conditions listed in Table S1 of the supplementary
material), time since prior infection (i.e., no prior infection, exact
number of days from 120 to 365, and then grouping greater
than 365 days), week of administration of the 1st booster dose,
and type of vaccine used for administration of the 1st booster dose
(i.e., BNT16b2 or mRNA-1273).
2.3. Outcomes and exposure

We compared the time to SARS-CoV-2 infection of any severity
(symptomatic or asymptomatic), and the time to infection with
complications leading to hospitalisation or death within 28 days
since testing positive (severe COVID-19) between individuals
aged � 80 years who received a second booster dose of mRNA vac-
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Fig. 1. Epidemic curve of notified cases of SARS-CoV-2 infections alongside estimates of the Omicron subvariants prevalence at different calendar weeks.
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cine (exposed group) and those who received the first booster dose
at least 120 days earlier (unexposed group).

As per laboratory criteria for case definition from the European
Centre for Disease Prevention and Control (ECDC) [22], cases of
SARS-CoV-2 infections notified to the surveillance system include
those laboratory-confirmed by PCR (30.4 % of cases in the study
sample) or, since 15 January 2021, also those tested positive
through an antigenic test (69.6 % of cases in the study sample).
Of these cases, those who were reported to have been hospitalized
or died within four weeks since infection for COVID-19 related
causes were classified as severe cases. According to Italian guideli-
nes, based on indications from the World Health Organization
(WHO) [23], a death was considered as related to COVID-19 if
occurred in the presence of a clinical and instrumental picture sug-
gestive of COVID-19, the absence of a clear cause of death different
from COVID-19 (e.g., road accident), and the absence of a complete
clinical recovery from the disease. Similarly, the surveillance sys-
tem foresees and is expected to record only hospitalisations
directly attributable to SARS-CoV-2 infection and not due to other
causes.
2.4. Statistical analysis

We described the baseline characteristics of the matched pairs
and those of the overall eligible population from which they were
drawn using counts with percentages and median with interquar-
tile range (IQR).

In the time-to-event analyses (time to SARS-CoV-2 infection
and time to severe COVID-19), for each matched pair, the follow-
up started on the date of administration of the 2nd booster dose
to the member of the exposed group. It ended on the date of testing
positive for SARS-CoV-2 infection, date of death, date when the
member of the unexposed group received a 2nd booster dose of
vaccine (with concurrent censoring of the paired member of the
exposed group), or 7 August 2022 (end of the study), whichever
came first. The follow-up time was calculated as the number of
days elapsed from the starting date to the ending date.

We evaluated differences in the cumulative incidence of SARS-
CoV-2 infection and severe COVID-19 over time between the 1st
booster group and the 2nd booster group by plotting the Kaplan-
78
Meier failure curves and testing differences through the log-rank
test.

After selection of the matched pairs with both members still
under observation 14 days after the start of follow-up, we used
the Kaplan-Meier estimator to compare the risks of SARS-CoV-2
infection and severe COVID-19 at 118 days between the 1st booster
group and the 2nd booster group through risk ratios (RR) and risk
differences (RD). The effectiveness of the 2nd booster dose of vac-
cine relative to the 1st booster dose was calculated as relative risk
reduction [RRR=(1-RR)X100].

The same analysis was conducted to estimate the RRRs and RDs
at different time-intervals (i.e., 14–28, 28–56, and 56–118 days
since the start of follow-up), including only matched pairs still
under observation at the beginning of each of them. Estimates of
RRR and RD were presented together with 95 % confidence interval
(CI) based on percentiles derived from non-parametric bootstrap-
ping with 1,000 sampling repetitions. CIs do not account for mul-
tiplicity and should therefore not be used to evaluate statistical
significance of differences between time-intervals.

Finally, we conducted two sensitivity analyses. First, assuming
that some degree of protection induced by a 2nd booster dose
might already be present 7 days after its administration, we
repeated the primary analysis including the matched pairs who
were still under observation 7 days after the start of follow-up.
Second, we used Cox proportional hazard models to estimate the
relative hazard reduction (RHR) for SARS-CoV-2 infection and sev-
ere COVID-19 at different time-intervals, after verification of the
proportional hazard assumption within each of them through test-
ing based on Schoenfeld residuals. Only matched pairs still under
observation at the beginning of each time-interval were
considered.

The analyses were performed using Stata/MP version 17.0 (Sta-
taCorp LLC, Texas, USA).

2.5. Ethics

This study, based on routinely collected data, was not submitted
for approval to an ethical committee because the dissemination of
COVID-19 surveillance data was authorized by Decree Law number
24 on 24 March 2022 (article 13). Because of the retrospective
design and the large size of the population under study, in accor-



Vaccinated ≥80 years before the 
end of the study (7/8/2022)
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booster dose
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Vaccinated who received the first booster 
dose before 27/9/20211

n=6,022 (0.13%)

Vaccinated with the second booster dose 
before the start of the study (11/4/2022)

n=7,226 (0.16%)

Vaccinated eligible for inclusion
n=2,552,985 (55.9%)

Vaccinated who tested positive <120 
days before the start of the study2

n=202,456 (4.43%)

Vaccinated who died before the start of 
the study (11/4/2022)

n=77,413 (1.69%)

Vaccinated with missing information or 
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second booster dose
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Matched as unexposed before 
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exposed group

n=1,073,966
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after 12/12/2021

(<120 days before the start of the study)2

n=1,042,785 (22.8%)

SARS-CoV-2 cases from the surveillance 
system linked to the vaccination registry 

n=975,179 (20.6%)

Fig. 2. Selection of the individuals included in the study. 1 Starting date of the 1st booster vaccination campaign for persons � 80 years, regardless of frailty status and other
high-risk conditions. 2 Not eligible to receive a second booster dose of vaccine on 11 April 2022 (starting date of the study). 3 Matching by sex, exact age (up to 95 and then
grouping � 95 years), country of birth (Italy vs other countries), region where vaccination took place (19 regions and 2 autonomous provinces), presence/absence of high-risk
conditions (i.e., residence in LTCF residents or at least one of the health-risk conditions listed in Table S1 of the supplementary appendix), time from prior infection (i.e., no
infection, exact number of days up to 365, and then grouping > 365 days), week of administration of the 1st booster dose, type of the 1st booster vaccine dose (i.e., BNT16b2 or
mRNA-1273).
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dance with the Authorization n. 9 released by the Italian data pro-
tection authority on 15 December 2016, the individual informed
consent was not requested for the conduction of this study.
3. Results

Among the 4,570,494 persons aged � 80 years who received at
least one dose of vaccine by 7 August 2022, a total of 2,017,509
(44.1 %) were not eligible for inclusion, 27,086 (0.59 %) because
of missing or inconsistent data (Fig. 2). Of the 2,552,985 eligible
individuals, 1.083,125 (42.4 %) were in the 2nd booster group
and 1,469,860 (57.6 %) in the 1st booster group. Among the eligible
individuals in the 2nd booster group, 275,269 (25.6 %) were
matched as unexposed before receiving the 2nd booster dose,
79
and 1,073,966 (99.2 %) were successfully matched with an unex-
posed individual and included in the final exposure group. Of the
1,073,966 records included in the unexposed group (1st booster
group), 800,674 (74.6 %) were unique individuals. The median
follow-up time was 45 days (IQR: 17–80), ranging from 1 to
118 days.

The baseline characteristics of the matched pairs were similar
to those of the eligible population from which they were drawn,
except for the geographical macroarea where vaccination took
place [increased proportion of vaccination in northern Italy in the
matched pairs (62.6 %) compared to the eligible individuals who
only received the 1st booster dose (46.5 %)] and the number of
weeks elapsed from the administration of the 1st booster dose
and the starting date of the study [the 1st booster dose was admi-
nistered earlier in thematched pairs (median number ofweeks = 23,
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IQR: 21–25) compared to the eligible individuals who only
received the 1st dose (median number of weeks = 21, IQR: 19–
23)] (Table 1).

The Kaplan-Meier failure curves presented in Fig. 3 show signif-
icant differences between the 1st booster group and the 2nd boos-
ter group at any time during follow-up (p less than 0.001). Overall,
among the 831,555 matched pairs still at risk on day 14, the RRR
for SARS-CoV-2 infection in the 2nd booster group compared to
the 1st booster group in the time-interval 14–118 days was
14.3 % (95 % CI: 2.2 to 20.2) with RD = 147 per 10,000 (95 % CI:
23 to 212), while the RRR for severe COVID-19 was 34.0 % (95 %
CI: 23.4 to 42.7) with RD = 25 per 10,000 (95 % CI: 16 to 34)
(Table2).

The relative vaccine effectiveness against SARS-CoV-2 infection
in the 2nd booster group compared to the 1st booster group
decreased over time from 28.5 % (95 % CI: 24.7 to 32.1) in the
time-interval 14–28 days to 7.6 % (95 % CI: �14.1 to 18.3) in the
time-interval 56–118 days after the administration of the 2nd
booster dose, while the relative effectiveness against severe
COVID-19 decreased from 43.2 % (95 % CI: 30.6 to 54.9) in the
time-interval 14–28 days to 27.2 % (95 % CI: 8.3 to 42.9) in the
time-interval 56–118 days after the administration of the 2nd
booster dose) (Table2).

The sensitivity analysis conducted starting the follow-up from
day 7 after the 2nd booster dose administration showed similar
results, with RRRs for SARS-CoV-2 infection and severe COVID-19
Table 1
Baseline characteristics of the matched pairs and eligible population.

Eligible popu
Matched pairs
(n = 1,073,966)1

First booster
(n = 1,469,860

n (%) n

Sex
Female 612,488 (57.0) 893,064
Male 461,478 (43.0) 576,796
Age
80–84 years 551,939 (51.4) 768,924
85–89 years 339,637 (31.6) 456,726
90–94 years 146,621 (13.7) 193,670
�95 years 35,769 (3.3) 50,540
Median (IQR) 84 (82–88) 84
Country of birth
Italian-born 1,057,510 (98.5) 1,446,697
Foreign-born 16,456 (1.5) 23,163
Geographical macroarea
North-West 418,672 (39.0) 394,166
North-East 253,591 (23.6) 290,188
Centre 224,513 (20.9) 355,065
South and Islands 177,190 (16.5) 430,441
High-risk group2

No 976,993 (91.0) 1,321,065
Yes 96,973 (9.0) 148,795
Weeks since 1st booster
18–21 326,151 (30.4) 808,525
22–25 547,328 (51.0) 543,187
26–28 200,487 (18.7) 118,148
Median (IQR) 23 (21–25) 21
Prior infection
No 1,045,596 (97.4) 1,437,967
Yes 28,370 (2.6) 31,893
Median number of days (IQR)3 525 (500–721) 514
1st booster vaccine
BNT16b2 924,612 (86.1) 1,192,266
mRNA-1273 149,354 (13.9) 277,594
2nd booster vaccine
BNT16b2 860,816 (80.2) NA
mRNA-1273 213,150 (19.8) NA

IQR, interquartile range; NA, not applicable.
1 1,073,966 records comprising 800,674 (74.6%) unique individuals in the 1st booster
2 Including residents in long term care facilities and individuals with health risk cond
3 Among individuals who tested positive for SARS-CoV-2 infection more than 120 day
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in the time-interval 14–118 days of 14.8 % (95 % CI: 3.1 to 20.5)
and 34.9 % (95 % CI: 25.4 to 43.3), respectively (Table 2). Finally,
the analysis based on Cox proportional hazard models and estimat-
ing RHRs at different time intervals also showed estimates and
trends in line with those observed in the primary analysis, except
RHR for SARS-CoV-2 infection in the time-interval 56–118 days,
found to be 14–21 % compared to 8 % in the primary analysis
(Fig. 4).
4. Discussion

We found that in Italy, among persons aged 80 years or more, a
2nd booster dose of mRNA vaccine was moderately effective in
preventing SARS-CoV-2 infection in the time-interval 14–118 days
post administration as compared to a 1st booster dose adminis-
tered at least 120 days earlier (14 %, 95 % CI: 2 to 20). Relative
effectiveness against infection was found to decrease over the
four-months follow-up period, showing no additional protection
56–118 days post administration (8 %, 95 % CI: �14 to 18), a
time-interval almost always falling within a calendar period where
the Omicron BA.5 subvariant was prevalent in Italy. However, rela-
tive effectiveness against severe COVID-19 in the whole follow-up
period was higher (34 %, 95 % CI: 23 to 43), decreasing to 27 % (95 %
CI: 8 to 43) in the time-interval 56–118 days post administration.
Estimates of RDs suggest that a 2nd booster dose of mRNA vaccine
lation
only
)

Second booster
(n = 1,083,125)

Overall
(n = 2,552,985)

(%) n (%) n (%)

(60.8) 617,318 (57.0) 1,510,382 (59.2)
(39.2) 465,807 (43.0) 1,042,603 (40.8)

(52.3) 555,483 (51.3) 1,324,407 (51.9)
(31.1) 342,564 (31.6) 799,290 (31.3)
(13.2) 148,813 (13.7) 342,483 (13.4)
(3.4) 36,265 (3.3) 86,805 (3.4)
(82–88) 84 (82–88) 84 (82–88)

(98.4) 1,064,477 (98.3) 2,511,174 (98.4)
(1.6) 18,648 (1.7) 41,811 (1.6)

(26.8) 421,701 (38.9) 815,867 (32.0)
(19.7) 255,942 (23.6) 546,130 (21.4)
(24.2) 226,228 (20.9) 581,293 (22.8)
(29.3) 179,254 (16.5) 609,695 (23.9)

(89.9) 982,568 (90.7) 2,303,633 (90.2)
(10.1) 100,557 (9.3) 249,352 (9.8)

(55.0) 329,280 (30.4) 1,137,805 (44.6)
(37.0) 551,000 (50.9) 1,094,187 (42.9)
(8.0) 202,845 (18.7) 320,993 (12.6)
(19–23) 23 (21–25) 22 (20–24)

(97.8) 1,049,644 (96.9) 2,487,611 (97.4)
(2.2) 33,481 (3.1) 65,374 (2.6)
(466–697) 521 (490–719) 517 (481–714)

(81.1) 930,915 (85.9) 2,123,181 (83.2)
(18.9) 152,210 (14.1) 429,804 (16.8)

868,272 (80.2) 868,272 (80.2)
214,853 (19.8) 214,853 (19.8)

group.
itions.
s prior the start of follow-up.
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averted 431 cases of SARS-CoV-2 infection and 73 cases of severe
COVID-19 per 100,000 individuals in a month during the whole
study period. These estimates, especially those for the risk of
SARS-CoV-2 infection, appear reduced in the time-interval
56–118 days post administration of the 2nd booster dose (241
cases of SARS-CoV-2 infection and 59 cases of severe COVID-19
81
averted per 100,000 individuals in a month), as a result of the
decrease in relative vaccine effectiveness, rather than a decrease
in the incidence of infection.

It is worthwhile to note that, as in the other studies focussing on
this topic [5–13], we estimated the relative effectiveness of a 2nd
booster dose as compared to a 1st booster dose at the time when
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an individual was eligible to receive a 2nd booster dose (i.e., at
least 120 days after the administration of the 1st booster dose
in Italy), rather than the absolute effectiveness using unvacci-
nated individuals as reference. Given that almost all the elderly
population in Italy had received at least one vaccine dose at
the starting date of the study, it is likely that using the very
few unvaccinated individuals as the reference group would have
introduced a selection bias due to their probably different health
and behavioural characteristics. In light of this, it should be con-
sidered that the estimates of relative effectiveness presented in
this article are likely an underestimate of the absolute effective-
ness, given the residual vaccine-induced protection that might
persist 120 days or more after the receipt of a 1st booster dose.

Our results are difficult to compare with findings from other
studies because of differences in the study population, study
design, study period, length of follow-up, outcomes definition,
and definition of the unexposed group serving as reference [5–
13]. In general, our estimates of relative effectiveness appear
lower than those from other studies conducted among the gen-
eral elderly population [5–13]. This is probably due to the fact
that all these studies also included persons aged 60–79 years,
who are likely to have a better immune response compared to
those aged � 80 years (the population analysed in our study).
Moreover, these studies were conducted during predominance
of the Omicron BA.1 and BA.2 subvariants [24], while our study
also includes an epidemic period with predominant circulation
of the Omicron BA.5 subvariant, which has been suggested to
reduce the protection induced by the currently available vac-
cines or prior infection [25]. Also, most of these studies were
likely based on a more specific case definition of severe disease
compared to our study, possibly leading to higher estimates of
relative vaccine effectiveness. Finally, although relative effective-
ness of a 2nd booster dose was always estimated as compared to
a 1st booster given at least four months earlier, it is possible that
the residual vaccine-induced protection in the comparator group
differed among studies depending on how the individuals
included in this group were distributed over the time span from
four months onwards after the 1st booster dose.

This study has some limitations. First, as all observational stu-
dies, although we adjusted the analysis for several baseline char-
acteristics through matching, a residual bias due to uncontrolled
confounders might remain. For example, a lower propensity to
testing and a higher exposure to risky behaviours in individuals
who received the 2nd booster vaccine dose, who could feel more
protected compared to those who only received the 1st booster
vaccine dose by more than 120 days [26], might have biased
our estimates towards an overestimation and underestimation,
respectively. However, in general, compared to younger age
groups, individuals aged � 80 years have contacts with health
services more frequently and therefore a higher probability to
get advice for testing in case of symptoms [27]. Moreover, they
are less likely to be involved in risky social activities and more
likely to adopt preventive measures [28,29], thus limiting this
potential bias. Second, although no priority access criteria were
in place during the study period for the elderly � 80 years, it is
likely that those at higher risk of severe COVID-19 had received
a 2nd booster dose earlier than those without any risk condition.
Thus, it is possible that individuals at higher risk were over-
represented in the late follow-up period, possibly leading to
overestimate the waning of relative vaccine effectiveness against
severe COVID-19, even though our estimates were adjusted for
the presence/absence of high-risk conditions and week of admin-
istration of the 1st booster dose. Third, SARS-CoV-2 infections
self-diagnosed through at-home testing are not reported in the
surveillance system and therefore not considered in this analysis.
If the utilization of such diagnostics tools did not differ between
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the two compared groups, our estimates of RRRs are unbiased
while RDs are likely underestimated, depending on the proportion
of real infections detected through self-testing. However, it is
worthwhile to note that part of unreported cases who self-tested
positive less than 120 days before the start of the study could have
remained included in the unexposed group after matching. This
could have led to an underestimation of RRRs, given their likely
decision to postpone vaccination with a 2nd booster dose because
of the relatively recent naturally-acquired protection. Fourth,
although regional health authorities were recommended to report
to the national surveillance system only hospitalisations directly
attributable to SARS-CoV-2 infection, we cannot exclude that,
especially during prevalent circulation of the Omicron BA.5 subvar-
iant, cases hospitalised for other causes and incidentally tested
positive for SARS-CoV-2 infection at admission might have been
misclassified, possibly leading to an underestimate of the relative
effectiveness against severe COVID-19. Finally, our study is based
on four months of follow-up after administration of a 2nd booster
dose of vaccine and a longer observation period would be neces-
sary to better investigate the waning of vaccine-induced protec-
tion, as observed in Italy after completion of the primary
vaccination cycle [30].
5. Conclusions

As compared to a 1st booster dose given at least four months
earlier, relative vaccine effectiveness against SARS-CoV-2 infection
was much reduced 2–4 months after a 2nd booster dose, a time-
interval that overlaps with a calendar period where the Omicron
BA.5 subvariant was prevalent in Italy. However, on the same
time-interval, relative vaccine effectiveness against severe
COVID-19 was estimated at about 30 %. The cost-benefit of a 3rd
booster dose of adapted bivalent COVID-19 vaccine for the elderly
people who received the 2nd booster dose at least four months ear-
lier should be carefully evaluated.
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