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Persistence of protection against SARS-CoV-2 clinical
outcomes up to 9 months since vaccine completion:
a retrospective observational analysis in Lombardy, Italy

Giovanni Corrao, Matteo Franchi, Danilo Cereda, Francesco Bortolan, Alberto Zoli, Olivia Leoni, Catia Rosanna Borriello, Giulia Petra Della Valle,
Marcello Tirani, Giovanni Pavesi, Antonio Barone, Michele Ercolanoni, Jose Jara, Massimo Galli, Guido Bertolaso, Giuseppe Mancia

Summary

Background Scarce information is available on the duration of the protective effect of COVID-19 vaccination against
the risk of SARS-CoV-2 infection and its severe clinical consequences. We investigated the effect of time since vaccine
completion on the SARS-CoV-2 infection and its severe forms.

Methods In this retrospective observational analysis using the vaccination campaign integrated platform of the Italian
region of Lombardy, 5351085 individuals aged 12 years or older who received complete vaccination from Jan 17 to
July 31, 2021, were followed up from 14 days after vaccine completion until Oct 20, 2021. Changes over time in
outcome rates (ie, SARS-CoV-2 infection and severe illness among vaccinated individuals) were analysed with
age-period-cohort models. Trends in vaccine effectiveness (ie, outcomes comparison in vaccinated and unvaccinated
individuals) were also measured.

Findings Overall, 14140 infections and 2450 severe illnesses were documented, corresponding to incidence rates of
6-7 (95% CI 6-6-6-8) and 1-2 (1-1-1-2) cases per 10000 person-months, respectively. From the first to the ninth
month since vaccine completion, rates increased from 4-6 to 10-2 infections, and from 1-0 to 1-7 severe illnesses
every 10 000 person-months. These figures correspond to relative reduction of vaccine effectiveness of 54-9% (95% CI
48-3-60-6) for infection and of 40-0% (16-2-57-0) for severe illness. The increasing infection rate was greater for
individuals aged 60 years or older who received adenovirus-vectored vaccines (from 4-0 to 23-5 cases every
10000 person-months). The increasing severe illness rates were similar for individuals receiving mRNA-based
vaccines (from 1-1 to 1-5 every 10000 person-months) and adenovirus-vectored vaccines (from 0-5 to 0-9 every
10000 person-months).

Interpretation Although the risk of infection after vaccination, and even more of severe illness, remains low, the
gradual increase in clinical outcomes related to SARS-CoV-2 infection suggests that the booster campaign should be
accelerated and that social and individual protection measures against COVID-19 spread should not be abandoned.

Funding None.

Copyright © 2022 Published by Elsevier Ltd. All rights reserved.

Introduction
Evidence is available that vaccination against the
SARS-CoV-2 virus protects from the infection,' and that
this is the case also for the most common variants of
the virus.? It has also been shown that both the
mRNA-based and the adenovirus-vectored vaccines are
protective and that the protection is greatest against the
severe and lethal manifestations of the disease.’®
However, although several studies investigated the trend
exhibited by virus neutralising antibodies after vaccine
inoculation,”™ the relationship of these antibodies with
patient protection is largely unknown. Furthermore, few
studies of limited duration have investigated the persis-
tence of vaccine-dependent protection by a direct
approach—ie, by assessing the rate of post-vaccination
infection and severe illness over time.*?™

We used the integrated platform of the vaccination
campaign of Lombardy, an Italian region which includes
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almost 9 million candidates to vaccination, for evaluating
the effect of the time since receiving complete vacci-
nation on incidence rates of SARS-CoV-2 infection and
severe illness.

Methods

Study design and participants

Our retrospective observational analysis included 5353005
beneficiaries of the Lombardy Regional Health Service
(RHS) aged 12 years or older who completed vaccination
against SARS-CoV-2 from Jan 17 to July 31, 2021. All
individuals were inoculated with two doses of a vaccine
manufactured by Pfizer-BioNTech (approved by the Italian
Drug Agency on Dec 22, 2020), Moderna (Jan 7, 2021), or
Oxford-AstraZeneca (Jan 30, 2021), or one dose of a vaccine
manufactured by Janssen (March 12, 2021). The two doses
of vaccine were separated by an interval of 21 days
(extended to 35 days after the first 2 months of the
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Research in context

Evidence before this study

From Sept 1 to Oct 25, 2021, we continuously searched
PubMed, using the search Medical Subject Headings term
“COVID-19 vaccines”, jointly with the search terms “duration”
or “protection”. We found that, although knowledge on how
long the immunity triggered by vaccination protects against
infection and symptomatic disease is of key public health
relevance, few studies have investigated the persistence of
vaccine-dependent protection by direct (clinical outcome
assessment) rather than surrogate-based (neutralising
antibody assay) approaches. We evaluated the effect of the time
from complete vaccination on incidence rates of SARS-CoV-2
infection and severe illness up to 9 months since completion of
mRNA-based and adenovirus-vectored COVID-19 vaccines,
while controlling for time of vaccine completion and time of
outcome occurrence. Data were collected in

5351085 individuals aged 12 years or older from the Italian
region of Lombardy who received a complete vaccination from
Jan 17 to July 31, 2021.

Added value of this study
Infection rates increased continuously as time from complete
vaccination increased (from five to ten infections per

vaccination campaign) for the Pfizer-BioNTech or
Moderna vaccines, and of 78 days during the entire
vaccination campaign for the Oxford-AstraZeneca vaccine.
In March, the Oxford-AstraZeneca vaccine was suspended
in Ttaly for individuals younger than 65 years and in June
the TItalian Drug Agency recommended the Pfizer-
BioNTech vaccine for individuals who had undergone
the first vaccination with Oxford-AstraZeneca. Individuals
receiving heterologous vaccination were classified accor-
ding to the vaccine type that was last administered.

Individuals who, within 14 days after completion of the
vaccine procedure experienced a SARS-CoV-2 infection,
were hospitalised for COVID-19, or who died were
excluded from the analysis. The remaining individuals
were included in the study cohort and were followed
up from 14 days after vaccine completion (under the
assumption that clinically significant immunity is
achieved 2 weeks after receiving the vaccine)® until
Oct 20, 2021. In a supplementary analysis, this 14-day
time-window was lengthened to 28 days.

Four population-based data sources collecting individual
health information were used: (1) the COVID-19
vaccination registry established from Dec 27, 2020 (ie, the
date of the first vaccine administration in Lombardy),
which collected individual data on the date, type, and dose
of vaccine dispensed; (2) the registry of patients with a
confirmed diagnosis of SARS-CoV-2 infection established
on Feb 21, 2020 (ie, the date of the first confirmed
diagnosis in Lombardy), for monitoring individual data on
infections, and hospital admissions, emergency-room

10000 person-months from the first month until the

ninth month after vaccination completion),

especially for individuals receiving adenovirus-vectored
vaccines (from four to 17 infections per 10 000 person-
months). Conversely, weakly rising rates of severe illness were
observed for both the mRNA-based and adenovirus-vectored
vaccines, the average rates never exceeding three cases per
10000 person-months even after 9 months from the complete
vaccination.

Implications of all the available evidence

Although the risk of infection after vaccination, and even
more of severe illness, remains low, the fast waning of
vaccine-induced immunity, particularly for individuals who
received adenovirus-vectored vaccine, suggests that the
campaign of the third booster dose should be accelerated.
This is supported by (1) the long time that has elapsed since
the vaccine completion of elderly individuals and frail
patients, (2) the expected autumn-winter recovery of the
virus spread, and (3) the predominant spread of the delta
variant. Social and individual protection measures should not
be abandoned.

access, and deaths due to COVID-19; (3) the health-care
use database, which since the year 2000 collects various
types of information, including inpatient diagnoses
supplied by public or private hospitals, and outpatient
drug and services supplied by the RHS; and (4) the health
registry, which since the year 2000 reports and updates
data on Lombardy residents, including date and reasons
for entry (eg, birth, immigration) and exit (eg, death,
emigration) from the condition of RHS beneficiary. These
electronic databases might be linked through a single
individual identification code. To preserve privacy, each
identification code was deidentified automatically, with
this inverse process being allowed only for the RHS on
request from judicial authorities.

Statistical analyses

The occurrence of post-vaccination SARS-CoV-2 infection
was established by positive PCR test to the SARS-CoV-2
virus in any clinical setting regardless of the presence of
symptoms.”? The rates of infection were calculated as the
number of cases per 10000 person-months. The rates of
severe illness (the first occurrence of a composite
outcome that included hospital admission, including
patients in intensive care units, and deaths attributed to
COVID-19, whichever occurred first) were calculated as
the number of cases per 10000 person-months.

At first sight, a simple measurement of the trend in
outcome rates as the time since vaccination increases
might appear an adequate approach for establishing the
causal role of time since receiving vaccine on the
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probability of SARS-CoV-2 infection and disease.
Two main pitfalls should be taken care of, however. First,
because vaccination was implemented early in older
adults and frail patients, individuals accumulating more
time since the vaccination might be those with faster
immunity loss. Second, the probability of infection and
severe illness is affected by the epidemic spread and
variant diffusion, two factors that changed considerably
during the vaccination campaign. This means that
the time elapsed since vaccination, the period when
vaccination was completed, and the period when the
outcome occurred must be all considered, although their
collinearity hinders a direct estimation of their
independent effects. In this Article we have made use of
the age-period-cohort (APC) analysis, which is a classical
approach for the measurement of the temporal trends of
clinical outcomes. The primary temporal factor of
interest was the number of months between complete
vaccination and outcome occurrence (the effect of time
since vaccination), because this provided direct
information on how many months the immunisation
coverage conferred by the vaccine lasted. However,
two other temporal factors were considered: the month
in which vaccination was completed (called cohort effect),
which reflected the effect of the Italian Government'’s
decision to prioritise the vaccination of high-risk groups;
and the month of outcome occurrence (the period effect),
which reflected the temporal heterogeneity of the
epidemic spread as well as the possible influence of the
predominant variants. Methodological details are
reported in the appendix (p 3). Briefly, to overcome
collinearity—ie, to separate the effect of time since
vaccine completion (ie, the so-called age effect in a
classical APC model) from the period and cohort effects,
we adapted the classic APC model according to the
approach of Ananth and colleagues.” Outcome data
were stratified according to 1-month age groups
(considered as time from completion of vaccination,
from 1 month to 9 months since completion for
mRNA-based vaccines and from 1 month to 7 months
since completion for adenovirus-vectored vaccines),
nine period groups (from February to October), and
seven cohort groups (from January to July),” and time-
related outcome rates were modelled accordingly. The
effects of time since vaccination derived from APC
modelling were estimated for the entire cohort and when
indicated, for the age of the individuals at cohort entry
(<60 and =60 years), and type of vaccine received
(mRNA-based or adenovirus vectored). Modelling was
done using the apc.fit function in the Epi package in
R (version 4.0.2).

Because APC estimates can vary depending on the
adopted constraint," ™ their robustness was assessed by
adopting an alternative design. In accordance with
the studies from Tartof and colleagues” and Cohn
and colleagues,” we included all 9140390 potential
candidates to receive the vaccine. Each member of this

www.thelancet.com/infection Vol 22 May 2022

mRNA-based
vaccines*
(n=4116803)

Adenovirus-vectored

vaccines®
(n=1234282)

Valvular disease 12635 (0-3%)

38675 (0-9%)

2059 (0-2%)
3833 (0:3%)

Men 1935105 (47-0%) 575869 (46:7%)
Age category, years
12-49 1606712 (39-0%) 132399 (10-7%)
50-59 886799 (21-5%) 236497 (19:2%)
60-69 528681 (12-8%) 422166 (34-2%)
70-79 404455 (9-8%) 436013 (35-3%)
=80 690156 (16-8%) 7207 (0-6%)
Previous contacts with the Regional Health Servicet
<5 1500430 (36-4%) 431250 (34-9%)
5-99 2319122 (56-3%) 726786 (58-9%)
>100 297251 (7-2%) 76246 (6:2%)
Previous SARS-CoV-2 180619 (4-4%) 33304 (2-7%)
infection
Comorbiditiest
Diabetes 343557 (8-4%) 56229 (4-6%)
Heart failure 31889 (0-8%) 2057 (0-2%)
Chronic respiratory 377205 (9-2%) 103027 (8-4%)
disease
Malignancies 132713 (3-2%) 22005 (1-8 %)
Organ transplant 17184 (0-4%) 754 (0-1%)
Hypertension 627997 (15:3%) 217824 (17-7%)
Vascular disease 337537 (8-2%) 84978 (6:9%)
( (
( (

Cerebrovascular

disease

Chronic kidney 19709 (0-5%) 874 (0-1%)
disease

Month of vaccine completion

January 66739 (1-6%) 0 (0-0%)
February 169198 (4-1%) 0 (0-0%)
March 271429 (6-6%) 54 (<0-1%)
April 430874 (10-5%) 11064 (0-9%)
May 941385 (22:9%) 252439 (20-5%)
June 598948 (14-6%) 279985 (227%)
July 1638230 (39-8%) 690740 (56-0%)

*Four vaccines are currently authorised in Italy, two of them are mRNA-based
(ie, those manufactured by Pfizer-BioNTech and Moderna) and the other two are
adenovirus-vectored (ie, those manufactured by Oxford-AstraZeneca and
Janssen). tMeasured in the 2-year period before the index date.

Table: Selected characteristics of the study cohort according to vaccine type

expanded cohort accumulated person-months of follow-
up from the entry date (ie, the start of the vaccination
campaign, Dec 27, 2020) until the earliest between
outcome occurrence (measured as above described) or
censuring (emigration, death unrelated to COVID-19,
administration of more than two vaccine doses, or the
endpoint of the study period, that is Oct 20, 2021). The
person-months accumulated by each cohort member
were portioned into three subperiods (ie, unvaccinated
[from entry date until 14 days after the first dose],
partially vaccinated [from 14 days after the first dose
until 14 days after the second dose], and fully vaccinated

See Online for appendix
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Figure 1: Influence of time since complete vaccination on rates of
SARS-CoV-2 infection and severe COVID-19 illness

Estimates based on the cohort of 5351 085 individuals who received complete
vaccination from January to July, 2021. The figure reports the trends in
age-period-cohort modelled incidence rates (and 95% CI bands) according to
time since complete vaccination. Estimates are adjusted for the month of
vaccine completion (cohort effect), and the month of outcome occurrence
(period effect).

[from 14 days after receiving the second dose until
censuring]). A Cox proportional hazard model was used
for separately estimating the hazard ratio of COVID-19
infection and severity, together with its 95% CI,
associated with the time-dependent exposure to vaccine.
Vaccine effectiveness was measured as complementary
to the hazard ratio. The model was adjusted for available
demographic and clinical characteristics. The durability
of the vaccine effectiveness was assessed by including
in the model the calendar time—ie, the monthly
intervals after participants were fully vaccinated.”

With the aim of making results from APC and
Cox modelling comparable, results were expressed as
relative reduction of vaccine effectiveness—that is, the
relative difference between rates (APC) or vaccine
effectiveness (Cox) from the first to a generic month
since vaccine completion. The corresponding 95% CI
was calculated by means of normal approximation.

Role of the funding source
There was no funding source for this study.

Results

The 5351085 individuals included in the study cohort
(46-9% men; mean age 57-7 years [SD 18-0]) yielded
21205273 person-months of observation, on average
almost 4 months in each person. More than three-
quarters of the entire study cohort (4 116 803 [76-9%)] of
5351085) received an mRNA-based vaccine (Pfizer-
BioNTech or Moderna), whereas the remaining 1234282
(23-1%) received an adenovirus-vectored vaccine (Oxford-
AstraZeneca or Janssen). Among the 4116 803 individuals
classified as receiving an mRNA-based vaccine, very few
(91063 [2-2 %]) received the Oxford-AstraZeneca vaccine

Figure 2: Influence of time since complete vaccination on vaccine
effectiveness against SARS-CoV-2 infection and severe COVID-19 illness
Estimates based on the cohort of 9140390 potential candidates who were to
receive the vaccine as of Dec 27, 2020. Cox proportional hazard models were
fitted for estimating hazard ratio and 95% Cl. Vaccine effectiveness was directly
calculated as 1-hazard ratio.

as the first dose. With respect to cohort members
receiving an mRNA-based vaccine, those receiving
an adenovirus-vectored vaccine mainly belonged to
intermediate age classes (from 60 to 79 years) and suffered
less frequently from diabetes, whereas there were no
substantial differences for the other considered covariates
(table).

Overall, 14140 infections and 2450 cases of severe
illness were documented (of which 2385 hospital
admissions, including 60 in intensive care units, and
229 deaths were attributed to COVID-19), corresponding
to incidence rates of 6-7 (95% CI 6-6-6-8) infections and
1-2 (1-1-1-2) cases of severe illness per 10000 person-
months.

Figure 1 shows the APC modelled effects of time since
vaccination on the rates of infection and severe illness.
From the first to the ninth month since complete
vaccination the rates increased progressively from 4-6
(95% CI 4-4-4-8) to 10-2 (8-9-11-6) infections every
10000 person-months, with a corresponding increase in
severe illness from 1-0 (0-9-1-1) to 1-7 (1-2-2-4). These
figures correspond to relative reduction of vaccine
effectiveness of 54-9% (48-3-60-6) for infection and of
40-0% (16-2-57-0) for severe illness.

Figure 2 shows the Cox modelled effects of time since
vaccination on the vaccine effectiveness. From the first to
the ninth month the vaccine effectiveness against the
infection decreased progressively from 78% to 10%, with
a relative reduction of 87-0% (95% CI 75-8-93-0). From
the first to the seventh month the vaccine effectiveness
against severe illness decreased from 86% to 49%, with a
relative reduction of 43-5% (95% CI 24-5-57-7). Because
the models did not reach convergence, estimates beyond
the seventh month were not obtained. Further details
on the effect of selected covariates on the infection

www.thelancet.com/infection Vol 22 May 2022
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Figure 3: Influence of time since complete vaccination on rates of SARS-CoV-2 infection (top boxes) and severe COVID-19 illness (bottom boxes) in the entire

cohort and according to age and vaccine type

Estimates based on the cohort of 5351 085 individuals who received complete vaccination from January to July, 2021. The figure reports the trends in age-period-
cohort modelled incidence rates (and 95% CI bands) according to time since complete vaccination. Estimates are adjusted for the month of vaccine completion

(cohort effect), and the month of outcome occurrence (period effect).

and severe illness hazard ratios are reported in the
appendix (pp 12-13).

Figure 3 shows the ACP modelled effects of time since
vaccination according to the vaccine-type and age at cohort
entry. The rate of infection showed an increase among
individuals who received mRNA-based vaccines from 4-6
(95% CI 4-44-8) to 8-8 (7-8-10-1) infections every
10000 person-months (relative reduction of vaccine
effectiveness 48-1% [95% CI 40-3-54-8]). This was the
case, to a greater degree, among those who received
adenovirus-vectored vaccines in whom the rate of infection
increased from 4-0 (3-6—4-4) to 16-8 (12-0-23-7) infections
every 10000 person-months (relative reduction of vaccine
effectiveness 76-5% [66-5-83-5]). The difference between
vaccines was smaller in younger than in older individuals,
the relative reduction of vaccine effectiveness
being 46-2% (31-7-57-7) and 83-2% (70-3-90- 5) according
to whether they received mRNA-based or adenovirus-
vectored vaccines, respectively. Compared with the rate of
infection, severe illness showed a smaller increase in
individuals who received mRNA-based vaccines (from 1-1
[1-0-1-2]to 1-5[1-1-2-1] cases every 10000 person-months,
with a relative reduction of vaccine effectiveness of 26-1%

www.thelancet.com/infection Vol 22 May 2022

[0-0—47-5]). In contrast, a nonlinear trend was observed for
individuals receiving adenovirus-vectored vaccines—ie, an
increase in severe infection rates during the first 3 months
(from 0-5 [0-3-0-6] to 0-9 [0-7-1-1] cases every
10000 person-months) and a decrease in the severe
infection rates afterwards (up to 0-3 [0-1-1-6] cases every
10000 person-months after 7 months). Because few
severe outcomes were observed in individuals who received
adenovirus-vectored  vaccines, age-stratification was
considered only for individuals who received mRNA-based
vaccines. In these individuals, rising rates of severe
infections were observed in older and younger individuals,
with relative reduction of vaccine effectiveness of 35-0%
(0-0-58-5) and 55-9 % (13-3-77-6) respectively.

The APC modelled effects of the month of vaccine
completion (cohort effect) and of outcome occurrence
(period effect) on outcomes are shown in figure 4.
Regarding cohort effects, different patterns were
observed for infection rate and severe illness rate.
Individuals who completed vaccination in January or
February were at significantly higher rate of infection,
whereas those who completed vaccination in March or
April were at higher rate of severe illness. Period effects
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Figure 4: Influence of month of vaccination completion (cohort effect) and month of outcome occurrence
(period effect) on rates of SARS-CoV-2 infection and severe COVID-19

Estimates based on the cohort of 5351 085 individuals who received complete vaccination from January to
July, 2021. The figure reports the trends in age-period-cohort modelled incidence rate ratios (and 95% Cl bands)
according to the cohort (month of vaccine completion) and the period (month of outcome occurrence) while
controlling for the months since complete vaccination.

For more on infection incidence
in Lombardy see https://www.
salute.gov.it/portale/
nuovocoronavirus/
homeNuovoCoronavirus.
jsp?lingua=english
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exhibited similar patterns for both infection and the
severe illness rates, with the highest value in February, a
sharp drop until June-July, and an increased risk
thereafter. Infection rate was reasonably stable from
August to October, whereas a slight increasing rate of
severe illness was noticed in October.

The patterns described in figures 1 and 4 did not
change substantially when the post-final vaccination
window was lengthened to 28 days (appendix pp 15-16).

Discussion

The current study based on real-world data from more
than 5 million individuals who had completed the
vaccination against COVID-19 shows that the rate of
SARS-CoV-2 infection increased continuously as time
from the vaccination increased. Nearly 5 infections
per 10000 person-months occurred already in the first
month after vaccination, the continuous increase
leading to approximately doubling of the infection rate
at 9 months after complete vaccination. It further
shows that the rate of severe COVID-19 was very low
immediately after vaccination (1 case per 10000 person-
months in the first month) but that thereafter it also

exhibited a continuous increase reaching 1.7 cases per
10000 person-months at the ninth month. Finally,
although our study was not primarily designed for
measuring vaccination effectiveness, our results also
show a decline of vaccine protection during the months
after complete vaccination that was greater for the risk
of infection (from 78% to 10%) than for its more severe
and lethal forms (from 86% to 49%). These findings
provide robust documentation that the protection
against COVID-19 offered by currently available vaccines
undergoes a clear decline during the following months
and that this occurs both for protection against the
infection and protection against the more severe and
lethal consequences of the infection. They further
clearly documented, however, that the vaccine-
dependent protection does not disappear but that a
residual protection is still present 9 months after
the vaccination, particularly against the severe forms of
COVID-19. This is consistent with the conclusion of
two recent US real-world investigations'* that reported,
over a shorter follow-up (5-7 months), a decline of the
SARS-CoV-2 infection vaccination effectiveness from
88% to 48%, a lower decline of the risk for the clinically
severe or fatal consequences of the infection, and a
somewhat heterogeneous decline among different
vaccine types.” The data are also consistent with a recent
modelling study, which predicted that the decay of the
titre of neutralising antibodies over the first 250 days
after COVID-19 immunisation is interpretable as
a significant loss of protection from SARS-CoV-2
infection, albeit with a substantial preservation of pro-
tection against severe COVID-19 disease.” Our study
extends this evidence to vaccination with two types of
vaccine platforms and offers a longer temporal extension
to currently available real-world data.

An additional important finding of the present study is
that protection against the risk and the severity of
SARS-CoV-2 infection was not superimposable between
mRNA-based and adenovirus-vectored vaccines. Both
vaccine types exhibited increasing infection rates over
time. However, although the increase was relatively
small for mRNA-based vaccines, a greater increase was
observed for adenovirus-vectored vaccines. The absolute
between-vaccine difference, however, was much less
evident for the risk of developing severe illness. These
findings strongly suggest that both the mRNA-based and
the adenovirus-vectored vaccines exert a sustained
protective effect against the severe forms of the
SARS-CoV-2 infection while the mRNA type seems to be
better equipped to prolong the initial protective effect
against the risk of developing milder forms of the infection.

A major determinant of SARS-CoV-2 infection and of its
severe or lethal forms in individuals who were fully
vaccinated was the level of epidemic spread in the area in
which they lived. In fact, among vaccinated individuals,
rates were highest from January to March when the
infection incidence in Lombardy reached 132 positive

www.thelancet.com/infection Vol 22 May 2022


https://www.salute.gov.it/portale/nuovocoronavirus/homeNuovoCoronavirus.jsp?lingua=english
https://www.salute.gov.it/portale/nuovocoronavirus/homeNuovoCoronavirus.jsp?lingua=english
https://www.salute.gov.it/portale/nuovocoronavirus/homeNuovoCoronavirus.jsp?lingua=english
https://www.salute.gov.it/portale/nuovocoronavirus/homeNuovoCoronavirus.jsp?lingua=english
https://www.salute.gov.it/portale/nuovocoronavirus/homeNuovoCoronavirus.jsp?lingua=english
https://www.salute.gov.it/portale/nuovocoronavirus/homeNuovoCoronavirus.jsp?lingua=english

Articles

swabs every 10000 person-months (and very restrictive
containment measures were therefore imposed) and
lowest in June and July when only 7 positive swabs per
10000 person-months were found (so justifying the
adoption of mild containment measures in that period).
Among vaccinated individuals the infection rate increased
again in August and September, 2021, when the
delta variant (B.1.6172), which is reportedly associated with
a higher viral load than previous variants,” became
dominant.

A cohort effect was also clearly documented by our
findings because the infection rates were higher in
individuals who completed vaccination in January or
February, and a higher incidence of severe illness was
seen in those who completed vaccination in March
or April. Because in Italy the vaccination campaign
addressed health workers first (approximately up to
February), and involved elderly individuals and frail
individuals soon afterwards (starting from March), these
cohort effects probably reflect the categories of
people at higher risk of infection (younger and healthy
individuals) and those at higher risk of developing severe
clinical forms of the infection (older and frail individuals).

Our study does not provide information on the factors
and mechanisms involved in the faster or slower
decline of the protective effect of the vaccines on the risk
and severity of SARS-CoV-2 infection. In this context,
however, differential patterns of immunogenicity have
been reported from available vaccine platforms, the
antibody responses being 2-9-times higher following the
Pfizer-BioNTech vaccine and the cellular responses
1-4-times higher following the Oxford-AstraZeneca
vaccine.” It has also been reported that a rapid protection
against symptomatic infection is provided by humoral
immunity through control of viral replication, whereas
long-term protection against the severe forms of the
infection is more closely related to cellular immunity.” We
can tentatively speculate that this reported dichotomy
between humoral and cellular responses to the two vaccine
types accounts for their similarly persistent protection
against severe illness and perhaps also for the more rapid
reduction of the protection against the risk of the infection
with the adenovirus-vectored vaccines.

The present study has several strengths. First, the study
provides the largest and most robust available evidence
of the durability of vaccine protection against the risk of
infection with SARS-CoV-2 and its clinical consequences.
It also extends this information on the longest time
course so far explored. Second, the study was based on a
very large population and included all ages that were
regarded as suitable for the COVID-19 vaccination. This
allowed a large accumulation of person-months, which
meant that although postvaccination infections and cases
of severe illness were very rare events, the study was
sufficiently powered to address its primary goal.
Third, our use of the APC analysis (a widely applied
analysis in descriptive epidemiology) allowed us to
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accurately separate the effects of the different temporal
components on the outcomes of interest. Finally, the
robustness of our main findings was confirmed by an
alternative, and more conventional design.

Several weaknesses should also be taken into consi-
deration, however. First, our study is a retrospective
investigation, since secondary data were used. Second,
power limitations prevented the investigation of severe
illness rates according to age and vaccine type. Third,
outcome misclassification might have affected the study,
because not all individuals in whom the infection occurred
were tracked and some patients with severe symptoms
might have been treated at home. Last, as with any
observational study, the investigation might have been
affected by differences between groups—for example, by
sociodemographic, behavioural, and dlinical factors. It is
unlikely, however, that this limitation substantially affected
the time-related post-vaccination trends because these
factors remained relatively constant over time.

The present study has public health implications for
the policies to adopt to achieve pandemic control.
Although the risk of SARS-CoV-2 infection after vacci-
nation, and even more its severe illness, remains low,
the fast waning of vaccine-induced immunity,
particularly for individuals who received adenovirus-
vectored vaccines, suggests that the campaign of the
third booster dose should be accelerated.? This
recommendation is supported also by (1) the long time
that has elapsed since the vaccine completion of elderly
individuals and frail patients, (2) the expected autumn-
winter recovery of the virus spread, and (3) the
predominant spread of the delta variant. It should be
nevertheless emphasised that these considerations
should be taken with caution because individual
persistence of vaccine-dependent protection might vary
markedly from average data. Markers that can assess
the protective effect of the COVID-19 vaccines in
individual represent an urgent goal of research.
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