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Abstract
Objectives
To estimate the effectiveness of mRNA vaccines
against SARS-CoV-2 infection and severe covid-19 at
different time after vaccination.
Design
Retrospective cohort study.
Setting
Italy, 27 December 2020 to 7 November 2021.

Participants
33
250 344 people aged ≥16 years who received a
Cite this as: BMJ 2022;376:e069052
first dose of BNT162b2 (Pfizer-BioNTech) or mRNAhttp://dx.doi.org/10.1136/
bmj‑2021‑069052
1273 (Moderna) vaccine and did not have a previous
diagnosis of SARS-CoV-2 infection.
Accepted: 19 January 2022
Main outcome measures
SARS-CoV-2 infection and severe covid-19 (admission
to hospital or death). Data were divided by weekly
time intervals after vaccination. Incidence rate ratios

What is already known on this topic
Campaigns for a booster dose of vaccine for covid-19, targeting high risk groups
and elderly people, have started in several countries, but extending to the
general eligible population and its timing are debated
No studies have evaluated vaccine effectiveness more than seven months after
the primary vaccination cycle to assess the combined effect of possible waning
of immunity provided by the vaccine and dominance of the delta variant of the
SARS-CoV-2 virus

What this study adds
The effectiveness of mRNA vaccines against any SARS-CoV-2 infection and severe
covid-19 decreased to 33% (95% confidence interval 27% to 39%) and 80%
(76% to 83%), respectively, at 27-30 weeks after the second dose of vaccine
High risk people (residents in long term care facilities, people with
comorbidities, and immunocompromised people) and those aged ≥60 years
no longer seemed to have substantial protection against SARS-CoV-2 infection
at 27-30 weeks after the primary vaccination, and the initial high vaccine
effectiveness against severe covid-19 was greatly reduced in high risk people
(43%, 3% to 67%) compared with other population groups (range 64-85%)
The findings support recommending a booster dose of vaccine no later than six
months after the primary vaccination cycle with mRNA vaccines, giving priority to
high risk groups and elderly people
the bmj | BMJ 2022;376:e069052 | doi: 10.1136/bmj-2021-069052

at different time intervals were estimated by multilevel
negative binomial models with robust variance
estimator. Sex, age group, brand of vaccine, priority
risk category, and regional weekly incidence in the
general population were included as covariates.
Geographic region was included as a random effect.
Adjusted vaccine effectiveness was calculated as
(1−IRR)×100, where IRR=incidence rate ratio, with the
time interval 0-14 days after the first dose of vaccine
as the reference.
Results
During the epidemic phase when the delta variant
was the predominant strain of the SARS-CoV-2 virus,
vaccine effectiveness against SARS-CoV-2 infection
significantly decreased (P<0.001) from 82% (95%
confidence interval 80% to 84%) at 3-4 weeks after
the second dose of vaccine to 33% (27% to 39%)
at 27-30 weeks after the second dose. In the same
time intervals, vaccine effectiveness against severe
covid-19 also decreased (P<0.001), although to a
lesser extent, from 96% (95% to 97%) to 80% (76%
to 83%). High risk people (vaccine effectiveness −6%,
−28% to 12%), those aged ≥80 years (11%, −15%
to 31%), and those aged 60-79 years (2%, −11% to
14%) did not seem to be protected against infection at
27-30 weeks after the second dose of vaccine.
Conclusions
The results support the vaccination campaigns
targeting high risk people, those aged ≥60 years,
and healthcare workers to receive a booster dose of
vaccine six months after the primary vaccination cycle.
The results also suggest that timing the booster dose
earlier than six months after the primary vaccination
cycle and extending the offer of the booster dose to
the wider eligible population might be warranted.

Introduction
The covid-19 vaccination campaign in Italy started on
27 December 2020. The campaign targeted healthcare
workers, people with an increased risk of severe disease
(eg, elderly people or high risk populations), and
essential non-healthcare workers (eg, school staff). The
campaign was subsequently extended to the general
population, with a priority scheme based on age. Up to
1
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Effectiveness of mRNA vaccines and waning of protection
against SARS-CoV-2 infection and severe covid-19 during
predominant circulation of the delta variant in Italy:
retrospective cohort study

RESEARCH

Methods
Data sources and selection of the study population
We used deterministic record linkage by individual
tax code to combine data from the Italian National
Vaccination Registry (held by the Ministry of Health)
for people who had been vaccinated, with data on
notified people who had tested positive for SARS2

CoV-2 infection from the National covid-19 Integrated
Surveillance System (coordinated by the Italian
National Institute of Health).1 26 Data were extracted on
24 November 2021 from both sources. We selected all
35 877 432 records of people aged ≥16 years who had
received the first dose of an mRNA vaccine before 25
October 2021, thus accounting for at least 14 days of
follow-up and 17 days of possible delay in notification
of SARS-CoV-2 infection (fig 1 and supplementary
fig 1). We did not consider people aged 12-15 years
because this age group only had access to vaccination
from June 2021, limiting the available follow-up time.
For the analysis of patients with severe covid-19
(that is, SARS-CoV-2 infection followed by admission to
hospital or death within 28 days), we considered only
people who received a vaccine before 27 September
2021, to allow another four weeks of observation
for possible worsening of clinical symptoms (fig 1).
Individuals diagnosed as having SARS-CoV-2 infection
before receiving their first vaccine dose (n=2 626 441,
7.3%) and those with missing or inconsistent data
(n=647, 0.002%) were excluded, and thus 33 250 344
people who had received at least one dose of vaccine
were available for the analysis (supplementary fig 1).

Outcomes and time of infection and exposure
We studied the incidence of two endpoints: SARSCoV-2 infection of any severity (symptomatic or
asymptomatic) and severe covid-19 (infection with
subsequent admission to hospital or death within 28
days). We considered all notified people who had tested
positive for SARS-CoV-2 infection in Italy, confirmed in
a laboratory by polymerase chain reaction (PCR 97.6%)
or, from 15 January 2021, also by antigen test (2.4%).
Patients who were reported to have been admitted
to hospital or died within four weeks of infection for
causes related to covid-19 were classified as severe
disease. According to Italian guidelines, based on
indications from the World Health Organization,27 a
death was considered related to covid-19 if it occurred
in the presence of a clinical and instrumental picture
suggestive of covid-19, in the absence of a clear cause
of death different from covid-19 (eg, road accident),
and in the absence of a complete clinical recovery from
the disease. Time of infection was the date of onset of
symptoms or the date of testing positive, if symptoms
or their date of onset were not reported.
Our data did not include information on possible
deaths that occurred for causes unrelated to covid-19.
Therefore, based on life tables by region, age, and sex
for the year 2020 published by the Italian Institute of
Statistics,28 assuming a uniform distribution of deaths
over the year, we imputed the expected date of death
of people who were vaccinated who did not have a
diagnosis of infection to calculate the person days
of exposure (see supplementary material for more
details). Follow-up ended on the date of SARS-CoV-2
infection for those with an infection of any severity or
severe covid-19 before the possible administration of a
booster vaccine dose. Conversely, follow-up ended on
the date of administration of a booster dose or on the
doi: 10.1136/bmj-2021-069052 | BMJ 2022;376:e069052 | the bmj
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24 November 2021, 47 037 541 people (87.1% of the
population aged >12 years) had received at least one
dose of vaccine, and 45 538 845 (84.3%) had completed
the primary vaccination cycle according to the schedule
of the brands of the four authorised vaccines in Italy:
Comirnaty BNT162b2, Pfizer-BioNTech; Spikevax
mRNA-1273, Moderna; Vaxzevria ChAdOx1 nCoV19, Oxford-AstraZeneca; and Janssen Ad26.COV2-S
recombinant, Janssen-Cilag International NV. Eighty
three per cent of those who received at least one
vaccine dose were vaccinated with an mRNA vaccine:
Comirnaty (Pfizer) 70.2%, Spikevax (Moderna) 12.8%.1
Randomised trials have shown high efficacy of
mRNA vaccines against symptomatic covid-19.2 3
The effectiveness of these vaccines in reducing
morbidity and mortality from SARS-CoV-2 infection
has been confirmed by observational data in real
world scenarios.4-10 Campaigns for the vaccine booster
dose targeting high risk groups and elderly people
have started in several countries. Based on published
studies, clarity is needed on whether the predominant
circulation of the delta variant of the SARS-CoV-2 virus
has reduced vaccine effectiveness and whether this
effect, combined with potential waning of immunity
provided by the vaccine, supports the expansion of a
booster dose to all population groups and the timing
of the booster dose.11-20 Studies focusing on vaccine
effectiveness against any SARS-CoV-2 infection caused
by the delta variant showed estimates ranging from
18% (95% confidence interval −13% to 40%) in the
general population of Qatar to 85% (61% to 95%) in the
general population of Quebec, Canada, approximately
six months after completion of the primary vaccination
cycle.21 Among the arguments raised against the need
for a booster dose is that although vaccine effectiveness
against any SARS-CoV-2 infection seems to wane over
time since vaccination, effectiveness against severe
covid-19 remains high. Based on this argument, to
reduce the circulation and lethality of the virus and
the possible insurgency of new variants, using the
available resources to improve complete primary
vaccination coverage, including in lower income
countries, has been suggested as a major benefit.22-25
To our knowledge, no studies conducted in real
world scenarios have evaluated vaccine effectiveness
more than seven months after completion of the
primary vaccination cycle. Our aim, based on a longer
follow-up time, was to estimate the effectiveness of
mRNA vaccines in preventing SARS-CoV-2 infections
(symptomatic or asymptomatic) and severe covid-19
(admission to hospital or death) at different times
after vaccination, by epidemic phase, age group, and
priority risk category.
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24 November
2021

t1

t2

t3

t4

t1-t2 vaccination period
t1-t3 follow-up period
t1-t4 notiﬁcation period

Event

Period
t1-t2 vaccination period

t1-t3 follow-up period

SARS-CoV-2 infection
(symptomatic and asymptomatic)

27 December 2020
to 24 October 2021

27 December 2020
to 7 November 2021

Severe disease
(admission to hospital and death)

27 December 2020
to 26 September 2021

27 December 2020
to 10 October 2021

t1-t4 notiﬁcation period

27 December 2020
to 24 November 2021

Fig 1 | Timeline of periods of selection and events in the study population

imputed date of death, or was otherwise censored on 7
November 2021 and 10 October 2021 for those who,
on those dates, had not received a booster dose and
were alive and who did not have a diagnosis of SARSCoV-2 infection or severe covid-19, respectively.

Statistical analysis
Individual time of exposure was divided into weekly
time intervals from the first and second doses of
vaccine. We then used multilevel negative binomial
regression models with robust variance estimator to
estimate incidence rate ratios, with 95% confidence
intervals, of SARS-CoV-2 infection and severe covid-19
after partial (>14 days after the first dose to ≤14 days
after the second dose) and complete (>14 days after
the second dose) vaccination compared with the
time interval 0-14 days after the first dose (reference
exposure, assumed as a proxy for people who were not
vaccinated). Time of exposure was measured in days
and included as offset in the models.
The potential confounders included in the models
as fixed effects were: sex, age group (16-24 years,
five year age groups from 25-29 to 80-84 years, and
≥85 years), brand of vaccine (Comirnaty (Pfizer) and
Spikevax (Moderna)), vaccination priority group (none,
healthcare workers, residents of long term care facilities,
people with comorbidities, immunocompromised
people, and essential non-healthcare workers (eg,
school staff)), and regional weekly incidence in the
general population, derived from the national covid-19
surveillance data. Geographical region of vaccination
(defined according to the Eurostat nomenclature of
territorial units for statistics, NUTS-2) was included in
the models as random effect to account for clustering
at the local level.29 The same multivariable model was
used to evaluate possible loss of immunity provided by
the mRNA vaccine against SARS-CoV-2 infection and
severe covid-19 over time after the second dose, with
the bmj | BMJ 2022;376:e069052 | doi: 10.1136/bmj-2021-069052

the time interval 0-14 days after the first dose and 3-4
weeks after the second dose of vaccine as the reference
values (3-4 weeks being the time interval where the
highest level of immune protection provided by mRNA
vaccines was seen in our data).
We grouped the analyses by epidemic phase,
distinguishing between the alpha phase, from 27
December 2020 to 13 June 2021, when circulation
of the SARS-CoV-2 alpha variant (B.1.1.7) was
dominant, and the delta phase, from 19 July 2021
until the censoring dates, when the delta variant
(B.1.617.2) was dominant.30 Vaccine effectiveness
was calculated as (1−IRR)×100, where IRR=incidence
rate ratio. We also conducted analyses grouped by
sex, wider age groups (16-39, 40-59, 60-79, and ≥80
years), and by priority risk category, distinguishing
between healthcare workers and the overall group of
people at increased risk of severe covid-19, referred
to here as high risk people (that is, residents of long
term care facilities, people with comorbidities, and
immunocompromised people).
Finally, we conducted a sensitivity analysis with
the time interval 4-10 days from the first dose of
vaccine as the reference exposure to estimate vaccine
effectiveness, given that some protection might be
evident 10 days after the first vaccination, and that
a deferral bias could affect the incidence in the few
days immediately after the first dose (eg, people with
symptoms are likely to have postponed vaccination).9
The analyses were performed with Stata/MP version
16.1 (StataCorp, Texas, USA).

Patient and public involvement
Because the study was a register based retrospective
cohort design, we did not involve participants
or members of the public in the study design,
interpretation of the results, or development of the
dissemination strategy.
3
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Effectiveness of mRNA vaccines against SARS-CoV-2
infection and severe covid-19 by epidemic phase
Overall, the effectiveness of complete vaccination
(>14 days after the second dose of vaccine) against
SARS-CoV-2 infection of any severity decreased from
the alpha phase (79%, 95% confidence interval
77% to 81%) to the delta phase (69%, 67% to 71%)
(table 2). The decrease was minimal in individuals
aged <60 years but was much more marked in those
aged ≥60 years, in healthcare workers, and in high
risk individuals. Although the overall effectiveness
of complete vaccination against severe covid-19
remained substantially stable, even slightly increasing
from 89% (88% to 91%) to 91% (90% to 92%), we
found a marked reduction in vaccine effectiveness in
people aged ≥80 years and in high risk people.
Reduction of the protective effect of mRNA vaccines
over time since vaccination
Overall, compared with the time interval ≤2 weeks
after the first dose of vaccine, we found that during
the delta phase, vaccine effectiveness against SARSCoV-2 infection decreased from 82% (95% confidence
Table 1 | Characteristics of individuals included in the study, vaccinated with the Pfizer
or Moderna vaccine, Italy, 27 December 2020 to 24 October 2021. Data are number (%)
of individuals
Comirnaty (Pfizer)
Spikevax (Moderna)
Total mRNA vaccines
(n=28 319 825; 85.2%) (n=4 930 519; 14.8%) (n=33 250 344)

Sex
Women
Men
Age group
16-39 years
40-59 years
60-79 years
≥80 years
Geographical macroarea*
North West
North East
Centre
South and Islands
Priority risk category
Healthcare workers
LTCF residents
People with comorbidities†
Immunocompromised†
Other risk categories‡
None

14 581 304 (51.5)
13 738 521(48.5)

2 433 309 (49.4)
2 497 210 (50.6)

17 014 613 (51.2)
16 235 731 (48.8)

8 727 440 (30.8)
10 411 903 (36.8)
5 789 187 (20.4)
3 391 295 (12.0)

1 862 377 (37.8)
1 762 830 (35.8)
881 216 (17.9)
424 096 (8.6)

10 589 817 (31.8)
12 174 733 (36.6)
6 670 403 (20.1)
3 815 391 (11.5)

7 566 823 (26.7)
5 515 153 (19.5)
5 676 106 (20.0)
9 561 743 (33.8)

1 372 455 (27.8)
937 221 (19.0)
979 483 (19.9)
1 641 360 (33.3)

8 939 278 (26.9)
6 452 374 (19.4)
6 655 589 (20.0)
11 203 103 (33.7)

1 406 055 (5.0)
247 289 (0.9)
3 484 198 (12.3)
63 309 (0.2)
2 426 948 (8.6)
20 692 026 (73.1)

47 475 (1.0)
26 207 (0.5)
562 174 (11.4)
11 203 (0.2)
435 869 (8.8)
3 847 591 (78.0)

1 453 530 (4.4)
273 496 (0.8)
4 046 372 (12.2)
74 512 (0.2)
2 862 817 (8.6)
24 539 617 (73.8)

LTCF=long term care facility.
*Eurostat nomenclature of territorial units for statistics (NUTS-1).27
†Conditions defining comorbidities, giving priority access to vaccination, and conditions defining
immunocompromise, are listed in the supplementary material.
‡Including people with risk exposure not specified (n=1 074 329; 37.5%), people living with individuals
at increased risk of severe covid-19 (n=806 070; 28.2%), school staff (n=313 013; 10.9%), and others
(n=669 405; 23.4%).

4

interval 80% to 84%) at 3-4 weeks after the second
dose of vaccine (that is, the time interval where the
highest level of immune protection provided by
mRNA vaccines was found in our data) to 33% (27%
to 39%) at 27-30 weeks (that is, six months after the
second vaccine dose when a booster dose of vaccine
is generally recommended). Conversely, vaccine
effectiveness remained substantially stable during
the alpha phase, slightly increasing from 81% (79%
to 83%) at 3-4 weeks after the second dose of vaccine
to 90% (86% to 92%) at 19-21 weeks (fig 2). Vaccine
effectiveness against severe covid-19 also decreased
during the delta phase, although to a lesser extent,
from 96% (95% to 97%) at 3-4 weeks after the second
dose to 80% (76% to 83%) at 27-30 weeks, whereas
vaccine effectiveness slightly increased during the
alpha phase, from 88% (86% to 90%) at 3-4 weeks
after the second dose to 95% (90% to 97%) at 15-18
weeks (fig 2).
The risk of SARS-CoV-2 infection of any severity
during the delta phase was 3.7 times higher (95%
confidence interval 3.3 to 4.2) at 27-30 weeks
than at 3-4 weeks after the second dose of vaccine,
whereas the risk of infection was reduced by about
40% at 19-21 weeks after the second dose during the
alpha phase (incidence rate ratio 0.56, 0.43 to 0.72)
(supplementary fig 2A-B). Compared with 3-4 weeks
after the second dose of vaccine, we found that the
risk of severe covid-19 during the delta phase was
5.5 times higher (3.9 to 7.9) at 27-30 weeks after the
second dose, whereas during the alpha phase, the risk
of severe covid-19 was reduced by almost 60% at 1518 weeks after the second vaccine dose (incidence rate
ratio 0.43, 0.24 to 0.80) (supplementary fig 2C-D).
During the delta phase, loss of protection against
SARS-CoV-2 infection after the peak at 3-4 weeks after
the second dose of vaccine was more pronounced
in high risk people and those aged 60-79 years
(supplementary fig 3). At 27-30 weeks after the
second dose, vaccine effectiveness was estimated to be
similar to no protection in high risk people (−6%, 95%
confidence interval −28% to 12%), in people aged ≥80
years (11%, −15% to 31%), and in those aged 60-79
years (2%, −11% to 14%) (fig 3).
Loss of protection against severe covid-19 after the
peak at 3-4 weeks after the second dose of vaccine
during the delta phase was more pronounced in
high risk people and in those aged 40-59 years
(supplementary fig 4), although vaccine effectiveness
at 27-30 weeks after the second dose still seemed
relatively high in those aged 40-59 years (85%, 95%
confidence interval 79% to 89%) (fig 4). In contrast,
we found that vaccine effectiveness at 27-30 weeks
after the second dose of vaccine was greatly reduced
in high risk people (43%, 3% to 67%) compared with
other population groups (vaccine effectiveness 6485%) (fig 4).
During the delta phase, vaccine effectiveness against
SARS-CoV-2 infection and severe covid-19 more than
30 weeks after the second dose and up to 42 weeks
and 38 weeks, respectively, was 21% (95% confidence
doi: 10.1136/bmj-2021-069052 | BMJ 2022;376:e069052 | the bmj
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Results
Table 1 shows the characteristics of the 33 250 344
individuals included in the study, all of whom were
vaccinated. Most were vaccinated with Comirnaty
(Pfizer) (28 319 825, 85.2%). We found that the
distribution of sociodemographic characteristics by
brand of vaccine did not differ substantially between
the two groups.
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PD=person days; NC=not calculable; VE=vaccine effectiveness.
*Including individuals with and without symptoms of SARS-CoV-2 infection.
†Individuals with covid-19 who were admitted to hospital or died within 28 days of testing positive.
‡Vaccine effectiveness adjusted by sex, age group, priority risk category, brand of mRNA vaccine, and regional weekly incidence in the general population. Region of vaccination was included in the models as a random effect.
§Including people with comorbidities, immunocompromised people, and residents of long term care facilities.
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15 days after 1st dose to
14 days after 2nd dose
>14 days after 2nd dose
High risk people§
0-14 days after 1st dose
15 days after 1st dose to
14 days after 2nd dose
>14 days after 2nd dose

Alpha phase

No of
Incidence per VE‡ (%)
individuals 100 000 PD
(95% CI)

Alpha phase
No of
Incidence per
individuals 100 000 PD
VE‡ (%) (95% CI)

Severe covid-19†
Delta phase

Any SARS-CoV-2 infection*

Table 2 | Effectiveness of mRNA vaccines against SARS-CoV-2 infection and severe covid-19 by epidemic phase, Italy, 27 December 2020 to 7 November 2021
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Fig 2 | Effectiveness of mRNA vaccines against SARS-CoV-2 infection and severe covid-19 at different time intervals after completion of the primary
vaccination cycle, by epidemic phase, Italy, 27 December 2020 to 7 November 2021. Vaccine effectiveness calculated as (1−IRR)×100, where
IRR=incidence rate ratio

interval 12% to 29%) and 76% (71% to 81%), showing
a progressive decrease from the peak at 3-4 weeks after
the second dose in all groups (fig 2, fig 3, and fig 4).
The analysis grouped by sex did not show substantial
differences between women and men (supplementary
fig 5).

Discussion
Principal findings
In Italy, the overall effectiveness of complete
vaccination with mRNA vaccines against any SARSCoV-2 infection decreased from 79% (95% confidence
interval 77% to 81%) during the alpha phase to 69%
(67% to 71%) during the delta phase, whereas vaccine
effectiveness against severe covid-19 remained
relatively stable at around 90%. Comparing the two
epidemic phases, however, we did not see a substantial
reduction in vaccine effectiveness against SARS-CoV-2
infection in the population aged <60 years, although
we found a reduction in vaccine effectiveness against
severe disease in the high risk population, from 91%
(88% to 92%) during the alpha phase to 80% (72% to
85%) during the delta phase, and in people aged ≥80
years, from 90% (88% to 92%) during the alpha phase
to 77% (69% to 82%) during the delta phase.
During the delta phase, we found that at 27-30
weeks after the second dose of vaccine (that is, six
months after the second dose when a booster dose
6

of vaccine is generally recommended), vaccine
effectiveness against SARS-CoV-2 infection and severe
covid-19 was reduced to 33% (27% to 39%) and 80%
(76% to 83%), respectively. The decrease in vaccine
effectiveness against SARS-CoV-2 infection was more
pronounced in high risk people (−6%, −28% to 12%)
and in those aged ≥60 years (vaccine effectiveness
2-11%), who no longer seemed to be protected by the
vaccine at 27-30 weeks after the second dose. Vaccine
effectiveness against severe covid-19 at 27-30 weeks
after the second dose was greatly reduced in high risk
people (43%, 3% to 67%) compared with the other
population groups (vaccine effectiveness 64-85%).

Comparison with other studies
Our findings are consistent with other studies. A
retrospective cohort study in the US showed reduced
overall effectiveness of the Comirnaty (Pfizer) vaccine
against infection with the delta variant of the SARSCoV-2 virus of 75% (95% confidence interval 71%
to 78%), waning from 93% at one month after full
vaccination to 53% after four months.14 The same
study also estimated that the overall effectiveness of the
Comirnaty (Pfizer) vaccine against hospital admission
after infection with the delta variant was 93% (84%
to 96%), close to that seen for other variants (95%,
90% to 98%). A study conducted in Israel showed
that immunity against the delta variant of the SARSdoi: 10.1136/bmj-2021-069052 | BMJ 2022;376:e069052 | the bmj
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Fig 3 | Effectiveness of mRNA vaccines against SARS-CoV-2 infection during the delta phase by age group and priority risk category, Italy, 19 July
to 7 November 2021. Vaccine effectiveness calculated as (1−IRR)×100, where IRR=incidence rate ratio. *Including people with comorbidities,
immunocompromised people, and residents of long term care facilities

CoV-2 virus waned in all age groups a few months
after receiving the second dose of vaccine.19 Another
study of the mRNA vaccines Comirnaty (Pfizer) and
Spikevax (Moderna) estimated vaccine effectiveness
at 74% (65% to 85%) against SARS-CoV-2 infection
during an epidemic surge of the delta variant in
Oregon, US.17 Studies in Scotland and England showed
that the effectiveness of complete vaccination with
the Comirnaty (Pfizer) vaccine against SARS-CoV-2
infection and severe covid-19 caused by the delta
variant was 79% (75% to 82%) and 96% (86% to
99%), respectively.11 18

Strengths and limitations of this study
From a public health perspective, frequent updates
of estimates of vaccine effectiveness and the possible
waning effect of vaccines over time are important to
guide evidence based decisions on the possibility
and timing of booster doses of vaccines, and to
the bmj | BMJ 2022;376:e069052 | doi: 10.1136/bmj-2021-069052

identify priority groups. Routinely collected data from
surveillance and vaccination registries allows frequent
updates, without the need for ad hoc studies involving
greater resources and a longer time to conduct to
provide useful results, which might be inappropriate in
specific contexts. In Italy, for example, where access to
work or other types of activities (eg, attending cinemas
or indoor restaurants) is available only to people with
a green pass, a test negative control design or a cohort
study with individuals who were not vaccinated as the
control group would probably give biased estimates
because the green pass can be obtained after vaccination
or after a negative test and is valid for 48 hours. This
restriction implies that a high number of swabs are
performed every day in Italy, mostly in people who are
not vaccinated but who want to go to work or take part
in other social activities, thus introducing selection bias
in the control group. The design of our study avoided
this bias because our study was based on data only from
7
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Fig 4 | Effectiveness of mRNA vaccines against severe covid-19 during the delta phase by age group and priority risk category, Italy, 19 July
to 10 October 2021. Vaccine effectiveness calculated as (1−IRR)×100, where IRR=incidence rate ratio. *Including people with comorbidities,
immunocompromised people, and residents of long term care facilities

people who were vaccinated, with the time interval
0-14 days after the first dose of vaccine used as the
reference to estimate vaccine effectiveness (considered
to be the period when there was no protection from
the vaccine). This design was used in other studies on
vaccine effectiveness in covid-19.10 31 32
Our study had several limitations. The available data
did not allow us to distinguish between the effect of an
overall waning of vaccine effectiveness because of a
general reduction in immunity from the vaccine over
time and the effect of a reduced immune response to
infections specifically caused by the delta variant of
the SARS-CoV-2 virus. Also, we could not control for
individual behavioural factors that could have modified
the risk of infection independently. Specifically, a
progressive relaxation of legal restrictions favouring
physical distancing took place in Italy in the summer
of 2021 as the delta variant of the SARS-CoV-2 virus
became dominant in the country. This relaxation could
8

have increased the risk of infection in people who were
fully vaccinated who might have felt more protected
by vaccination compared with those who had received
only one dose of vaccine. This increased risk could
therefore have led to an underestimation of vaccine
effectiveness and overestimation of the protection lost
during the delta phase.
Healthcare workers more exposed to the risk
of infection (eg, staff working in the emergency
department) were generally vaccinated earlier and
tested more frequently, and received a diagnosis
of SARS-CoV-2 infection more promptly than other
healthcare workers (eg, administrative staff).
Consequently, although our results did not show
a higher waning of vaccine effectiveness among
healthcare workers than other population groups, loss
of protection might have been overestimated.
We used the first two weeks after the first dose of
vaccine as a proxy for the period with no protection
doi: 10.1136/bmj-2021-069052 | BMJ 2022;376:e069052 | the bmj
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Conclusions
Our results, based on more than seven months of followup after the second dose of an mRNA vaccine, support
the ongoing vaccination campaigns targeting high risk
groups, people aged ≥60 years, and healthcare workers
to receive a booster dose of vaccine six months after the
primary vaccination cycle. Our results also suggest that
timing the booster dose earlier than six months after
the primary vaccination cycle and extending the offer
of the booster dose to the wider eligible population
might be warranted.
the bmj | BMJ 2022;376:e069052 | doi: 10.1136/bmj-2021-069052
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from the vaccine. The immune response to a vaccine
is gradual, however, and people who received their
first vaccine dose within this two week period might
have had some degree of protection. Also, deferral
bias could have affected the incidence of SARS-CoV-2
infection in the days immediately after the first dose
of vaccine (that is, people with symptoms are likely
to postpone vaccination). Hence by using the first two
weeks after the first dose of vaccine as the reference
could have underestimated vaccine effectiveness
in our study.9 However, results from a sensitivity
analysis, with 4-10 days after the first vaccine dose
as the reference, although showing slightly higher
estimates of vaccine effectiveness, were similar to our
main results (table 2), and the same trend in vaccine
effectiveness over time was seen (figure 1, figure 2,
figure 3, and supplementary material).
The characteristics of people who were vaccinated
changed over time (that is, people at increased risk of
infection and severe outcomes received their vaccine
earlier than others) and, although we adjusted for
priority risk category, we could have overestimated
waning of protection from the vaccine, especially at
later times after the second dose of vaccine. On the
other hand, more susceptible individuals could have
been infected earlier and hence excluded from the risk
group used to estimate incidence at later time intervals,
thus leading to overestimation of vaccine effectiveness
and underestimation of its waning over time.
In some instances, estimates of vaccine effectiveness
at the latest time intervals after the second dose of
vaccine showed wide 95% confidence intervals (eg, for
severe covid-19 in high risk people). Future analyses
allowing robust estimates of vaccine effectiveness
more than seven months after the primary vaccination
cycle would be useful to better evaluate the effect of
refusing or delaying a booster dose of vaccine in this
vulnerable group.
Finally, although we accounted for competitive risk
of death from causes other than covid-19, specific to
region, age, and sex, residual bias is still possible in
our estimates because of the differential mortality in
some population subgroups. For example, people who
are immunocompromised, those with comorbidities,
and residents of long term care facilities are probably
at higher risk of death from other causes compared
with the general population of the same region, age,
and sex, thus leading to underestimation of the waning
effect in this population subgroup.
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