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Cohort study
We estimated the effectiveness of Comirnaty and Vaxzevria vaccines among 371,423 residents in Lazio
Region (Italy) vaccinated since 27/12/2020, and followed until diagnosis of SARS-CoV-2 infection or
25/4/2021, whichever came first. By the end of follow-up most of the Comirnaty-cohort (60%) had
received the second dose at recommended time of 21 days (98%), while the Vaxzevria-cohort had
received only one dose. Adjusted hazard ratios of SARS-CoV-2 infection at weekly intervals since the first
dose were estimated through a Cox regression model using 0–13 days as reference time-interval. An
increase in effectiveness with increasing time since administration was observed for Comirnaty (five-
weeks = 81%, 95 %CI 71–88%; three-months = 94%, 95 %CI 84–98%). One dose of Vaxzevria showed an
effectiveness of 63% (95 %CI 25–82%) after 7 weeks, although further analyses are needed after complete
vaccination with two doses. These results could support the ongoing vaccination campaign by reinforcing
evidence-based communication aimed at reducing vaccine hesitancy.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

By February 2022, since the beginning of the pandemic, the
coronavirus disease (Covid-19) has caused nearly 12 million cases
and over 150,000 deaths in Italy [1]. Lazio region (central Italy) was
one of the most hit areas with 977.804 Covid-19 diagnosis and over
10,000 deaths, most of which occurred in the city of Rome [2].

In less than a year four vaccines to prevent Covid-19 were
authorized in the European Union and gradually introduced into
the market by the European Medicines Agency: Comirnaty, Mod-
erna, Vaxzevria, and Janssen [3].

An increasing number of studies have attempted to evaluate the
vaccination campaign on the general population in real-world set-
tings, showing high vaccine effectiveness (VE) either against
asymptomatic and symptomatic infections with severe adverse
respiratory syndrome coronavirus 2 (SARS-CoV-2) or severe
Covid-19 (infections leading to hospitalization or death) in the
general population [4–5]. Published studies are focused mostly
on the Comirnaty vaccine and on selected populations such as
health care workers [6], while very few evaluated the VE of the
Vaxevria brand [7–8].

The estimated effectiveness of the first dose of the Comirnaty
vaccine for documented infections was 46% in a general population
study [5] and 84% in a health care workers population [6], both
studies referred to a period of 14–21 days since the first dose
administration; another study conducted on health care workers
in England [9] showed an effectiveness of 70% after 21 days since
the first dose administration. These studies reported high esti-
mated effectiveness of 85% [9], 92% [5], and 95% [6] seven days
after the second dose. A recent meta-analysis on real-world based
studies reported a VE of 85% after two doses in preventing
SARSCoV-2 infections [10].

Among older adults in England, Vaxzevria vaccine was found to
reduce the odds of Covid-19 disease by 60% from 28 to 34 days
since the first dose administration, and by 73% from day 35
onwards [11]. In Sweden, it was reported 68% VE from two to four
weeks after the second dose of Vaxzevria against SARS-CoV-2
infection of any severity [7].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2022.02.063&domain=pdf
https://doi.org/10.1016/j.vaccine.2022.02.063
mailto:valeria.fano@aslroma2.it
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In the Lazio region (over 5,7 million residents), as elsewhere in
Italy, the vaccination campaign started on December 27, 2020. The
Comirnaty vaccine was the first vaccine available for the adminis-
tration. The selected strategy aimed at rapidly protecting the front-
line healthcare workers, who were the most exposed to the risk of
infection, and targeted individuals at high risk of contracting sev-
ere Covid-19, such as nursing home patients and elderly
people � 80 years. Thanks to rapid vaccine stocking implementa-
tion, it was soon possible to extend the offer to other vulnerable
groups, such as: diabetic patients, patients with cancer, cardiovas-
cular or respiratory diseases and other frail individuals. The Mod-
erna vaccine was introduced on January 7, 2021 and was offered
to the same target patients as the Comirnaty vaccine due to their
similar characteristics. With the introduction of the Vaxzevria vac-
cine in mid-February, public force workers, school personnel and
people aged 65–79 were also targeted for vaccination. Finally,
the Janssen single-dose vaccine has been introduced since late
April 2021 and recommended to people aged 60 years and over.

All residents in the Lazio region meeting the vaccination cam-
paign enrollment criteria and in accordance with the established
vaccination schedule by category, can be vaccinated anywhere in
the region. The Local Health Authority Rome 2 (hereafter defined
as RM2; 1,234,355 inhabitants on December 31, 2020; 470 km2)
is the largest Local Health Authority of the Municipality of Rome
(4,253,314 inhabitants on December 31, 2020) with 12 vaccination
hubs in its territory.

This study aims at estimating the effectiveness of Comirnaty
and Vaxzevria vaccines in preventing SARS-CoV-2 infection of
any severity (both symptomatic or asymptomatic) among resi-
dents in the Lazio region who received at least one dose of vaccine
from any RM20s vaccination hubs.
2. Methods

A retrospective cohort study was conducted on all residents in
the Lazio region who have received at least one dose of vaccine
Comirnaty or Vaxzevria from one of the RM2 vaccination hubs
since the beginning of the vaccination campaign on December
27, 2020 and up to April 11, 2021. Patients who received the Mod-
erna vaccine were not included in the study population, due to the
limited number of doses administered and the discontinuous util-
isation during the study period.

Demographic information, vaccination priority group, dates of
vaccine administration, and vaccine brand were retrieved from
the regional vaccine database. Date of diagnoses of SARS-CoV-2
infection, detected using a RT-PCR test or an antigenic test and
occurred between December 27, 2020 and April 25, 2021, were
obtained through record linkage with the regional Covid-19 mon-
itoring database updated on May 10, 2021, thus allowing for
15 days of possible notification delay. The two sources were
matched on with a deterministic linkage procedure using the tax
code as a unique identifier.

Vaccinated patients with a documented SARS-CoV-2 infection
occurring before the administration of the first vaccine dose were
excluded. A minimum of 14 days of follow-up after vaccination
was required as an inclusion criterium, in order to allow a possible
SARS-CoV-2 infection to be ascertained, considering the incubation
period and the time elapsing from the prescription to the execution
of the antigenic or PCR test.

The analyses were conducted separately for the cohorts receiv-
ing Comirnaty or Vaxzevria vaccine, as the two brands were
offered to different target populations and at different calendar
periods. For each cohort, the incidence rate (IR) of SARS-CoV-2
infection were computed for the time interval 0–13 days since
the first dose administration and thereafter at weekly intervals.
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IRs were also computed by 15-day calendar intervals starting from
the beginning of the vaccination campaign (December 27, 2020 for
Comirnaty and February 11, 2021 for Vaxzevria vaccine).

A time-to-event analysis was conducted by means of a multi-
variable Cox regression model. Subjects were followed from the
date of administration of the first dose until April 25, 2021, or
the date of SARS-CoV-2 infection if it occurred before. The inci-
dence of SARS-CoV2 infection in the first 14 days after the first
dose was considered comparable to that of the unvaccinated pop-
ulation, assuming that the immunity in this time frame is negligi-
ble. The hazard of SARS-Cov2 infection in each weekly interval,
starting from the 15th day since vaccine administration, were com-
pared with the hazard in the first 14 days. The calendar time was
specified as the time axis to account for variation in the epidemics
intensity during the study period. Hazard ratios (HR) were
adjusted for gender, age group (0–44, 45–64, 65–79, 80 + ), calen-
dar week of first dose administration, and vaccination priority
group based on age, working exposure and health status (see
Table 1).

Vaccine Effectiveness (VE) were estimated from the adjusted
HRs as follows: VE = (1 - HR) � 100.

All analyses were conducted using the Statistical Package Stata/
MP 17 (StataCorp LP, College Station, TX, USA; STATA code for the
effectiveness estimates is available in the Supplementary mate-
rial). The dissemination of Covid-19 surveillance data was autho-
rised by the Italian Presidency of the Council of Ministers on 27
February 2020 (Ordinance n. 640).
3. Results

As of April 25, 2021 a total of 402,847 residents in the Lazio
Region had received at least one dose of a vaccine from one of
the RM2 vaccination hubs. Of these, a total of 11,462 (2,8%) indi-
viduals with a documented SARS-CoV-2 infection prior to the date
of their first dose administration were excluded, as well as individ-
uals receiving the first dose after April 11, 2021 (n = 19,962, 5.0%)
(Fig. 1).

A total of 371,423 individuals were included in the study. The
distributions by demographic characteristics, vaccination priority
group, and calendar period of administration, both overall and sep-
arately for each vaccine cohort, are described in Table 1. At the end
of the follow-up, the majority of patients vaccinated with Comir-
naty vaccine (60.0%) had received the second dose (67%), mostly
at the recommended time of 21 days (98%); only 5% of individuals
who received only the first dose of Comirnaty had a follow-up
� 21 days. All patients vaccinated with Vaxzevria vaccine (40.0%)
had received only the first dose by the end of the study period.
In both cohorts the percentage of vaccinated individuals was
higher in women (58.2% Comirnaty, 57.4% Vaxzevria) than in
men. Sixty-eight percent of individuals vaccinated with Comirnaty
were aged 65 years and over, while 65% of those receiving Vaxzev-
ria were younger than 65 years. The distribution by vaccination
priority group reflects the different target populations to which
the two brands were offered: Comirnaty was administered mainly
to elderly population aged 80+ (36.7%), health care workers (24.2%)
and elderly individuals aged 65–79 (18.6%); Vaxzevria vaccine was
first administered to the police/public officer personnel (30.6%)
and school personnel (15.6%), before being extended to people
aged 65–79 (31.8%).

A decrease in Comirnaty administration is observed after the
second week since the start of the vaccination campaign (January
15 to February 14, 2021), reflecting the sudden reduction in the
distribution of Comirnaty vaccines in Europe. The pace/speed rose
back again in mid-February, reaching a peak of 55,059 administra-
tions in the latest two weeks. The calendar period of Vaxzevria



Table 1
Distribution of the study population by vaccine brand, demographic characteristics, vaccination priority group, and calendar period of first dose administration. Person-days of
follow-up and incidence rates of SARS-CoV-2 infection per 10,000 person-days.

Vaccine brand

Total Comirnaty Vaxzevria

n % n % Person
time

(days)

COVID-
19

cases

Incidence
rate

x 10,000

n % person
time

(days)

COVID-
19

cases

Incidence
rate

x 10,000

Total 371,423 100.0 221,000 59.5 1,189.6 1,616 1.4 150,423 40.5 579.3 1,017 1.8
Gender
Males 156,430 42.1 92,320 41.8 492.6 639 1.3 64,110 42.6 240.0 397 1.7
Females 214,993 57.9 128,680 58.2 697.1 977 1.4 86,313 57.4 339.3 620 1.8
Age class (years)
0–17 183 0.0 183 0.1 0.7 3 4.1 0 0.0 0.0 0 0.0
18–24 4,882 1.3 3,213 1.5 24.2 27 1.1 1,669 1.1 7.1 20 2.8
25–44 57,466 15.5 23,993 10.9 197.2 324 1.6 33,473 22.3 151.5 310 2.0
45–64 105,028 28.3 42,469 19.2 313.9 424 1.4 62,559 41.6 279.1 523 1.9
65–79 114,751 30.9 62,196 28.1 236.5 258 1.1 52,555 34.9 140.5 164 1.2
80+ 89,113 24.0 88,946 40.2 417.2 580 1.4 167 0.1 0.7 0 0.0
Vaccination priority group
age 80+ 81,131 21.8 81,078 36.7 375.4 408 1.1 53 0.0 0.2 0 0.0
nursing home

patients
6,532 1.8 6,529 3.0 50.1 179 3.6 3 0.0 0.0 0 0.0

health care workers 64,014 17.2 53,427 24.2 493.1 679 1.4 10,587 7.0 53.0 112 2.1
frail/disabled

patients
14,588 3.9 14,430 6.5 48.4 82 1.7 158 0.1 0.6 0 0.0

police/public officer 46,637 12.6 584 0.3 2.8 3 1.1 46,053 30.6 207.2 388 1.9
school personnel 23,557 6.3 127 0.1 0.4 2 4.6 23,430 15.6 108.5 233 2.1
age 65–79 88,958 24.0 41,170 18.6 128.6 118 0.9 47,788 31.8 124.3 138 1.1
other 23,644 6.4 12,524 5.7 62.8 107 1.7 11,120 7.4 43.6 84 1.9
missing 22,362 6.0 11,131 5.0 28.0 38 1.4 11,231 7.5 42.1 62 1.5
Calendar period
<jan15 36,855 9.9 36,855 16.7 392.2 647 1.6 0 0.0 0.0 0 0.0
jan 15 - jan 30 9,404 2.5 9,404 4.3 89.7 116 1.3 0 0.0 0.0 0 0.0
jan 31 - feb 14 14,873 4.0 13,503 6.1 99.4 98 1.0 1,370 0.9 9.7 20 2.1
feb 15 - mar 1 53,469 14.4 32,778 14.8 202.4 207 1.0 20,691 13.8 122.4 232 1.9
mar 2 - mar 16 87,802 23.6 36,278 16.4 169.6 219 1.3 51,524 34.3 242.2 476 2.0
mar 17 - mar 28 76,043 20.5 37,123 16.8 122.9 199 1.6 38,920 25.9 124.8 199 1.6
mar 29 -apr 11 92,977 25.0 55,059 24.9 113.6 130 1.1 37,918 25.2 80.5 90 1.1
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administration shows a slow start in the first two weeks of admin-
istration (January 31 - February 14), and then a peak in the 5th and
6th week (March 2 – March 16).

Fig. 2 shows the IRs of Covid-19 by time elapsed since the first
dose and by calendar period of administration, separately for
Comirnaty (a) and Vaxzevria (b) cohorts. In general, for both
brands, the IRs decrease with the increase of days since vaccina-
tion, especially among those who received the Comirnaty vaccine
in the early stage of the vaccination campaign, probably reflecting
the fact that patients at higher risk of infection were prioritized
during this initial phase.

Fig. 3 shows the adjusted vaccine effectiveness of Comirnaty
and Vaxzevria vaccines by days since the first dose administration.
The effectiveness increased steeply until 35–41 days for Comirnaty
(VE = 81.1%; 95% Confidence Interval, CI 71.1–87.7%) and until 49–
55 days for Vaxzevria (VE = 63.2%; 95% CI 24.8–82.0%), and then
slightly increased (up to 94.2% after three months) and stabilized,
respectively (see also Table 1S available in the Supplementary
material).

4. Discussion

This is one of the first studies estimating the effectiveness of
both Comirnaty and Vaxzevria in preventing SARS-CoV-2 infection
in a large resident population in Italy.

We were able to provide weekly estimates of Comirnaty effec-
tiveness up to three months from the first dose administration.
We found an effectiveness of Comirnaty vaccine above 80% at
35–41 days, that is after five weeks from the first dose, or – given
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that the recommended time of 21 days for the second dose admin-
istration was respected - two weeks after the second dose. We
observed an increasing effectiveness thereafter, reaching 93% at
the end of follow-up (105–119 days after the first dose).

Assessment on the Vaxzevria cohort also showed a growing
effectiveness with increasing time since vaccination. An effective-
ness of 63% was observed after about two months from the first
dose administration, lower compared to Comirnaty effectiveness
at the same time point. However, it is important to note that
almost all individuals vaccinated with Comirnaty had already
received the second dose after two months from the first one,
while none of those vaccinated with Vaxzevria had. This makes
the comparison between the two vaccine brands largely incom-
plete with the data available at the time of the analyses.

Our estimates of Comirnaty vaccine effectiveness are compara-
ble with those from other studies conducted in Israel [5], England
[9], and Italy [4,6] reporting a high effectiveness for documented
infections after seven days from the second dose administration.
Similar results were also reported by Liu et al. [10] when restricting
the meta-analysis to the epidemic phase with prevalent circulation
of the Alpha variant, which was predominant variant at the time of
our study [12].

As for Vaxzevria, an efficacy of 64% (95% CI 51–74) from 21 days
since the first dose and before the second dose is reported in a
pooled analysis of four clinical trials [13]. An observational study
conducted in England among older adults aged 70 years or more
showed a 60% effectiveness in preventing symptomatic infections
from 28 to 34 days since the first dose administration, and 73%
from day 35 onwards [11].



Record 
linkage

Data extracted on May 10, 2021

Vaccinated patients with Covid-19 diagnosis
until April 25, 2021

n=14,476

Study population n=371,423 

Patients with at least one dose until April 11, 2021
and without a preceeding Covid-19 diagnosis

Comirnaty
n=221,000

One dose     n=   73,398
Two doses    n= 147,602

Vaxzevria
n=150,423

All one dose

April 25, 2021

Patients with at least one dose of vaccine

n=402,847

n=11,462 excluded

Patients with Covid-19 diagnosis
prior to vaccination

n=19,962 excluded

Patients vaccinated
after April 11, 2021

Fig. 1. Flow chart of the selection criteria of the population under study.
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Our study has several limitations. First, as the vaccination
campaign for Vaxzevria had a later roll-out, the follow-up time
was not long enough to estimate vaccine effectiveness for the lat-
est time intervals and therefore to assess effectiveness of com-
plete vaccination with two doses. Second, based on available
data, it was not possible to estimate the effectiveness of vaccines
in preventing other Covid-19 associated events (e.g. development
of symptoms, hospitalization, and death), nor to account for virus
variants. Third, vaccine effectiveness could have been underesti-
mated due to the undetected asymptomatic individuals who did
not undergo testing. Finally, vaccine effectiveness could have also
been underestimated due to the assumption that the control
group of individuals vaccinated since less than 15 days were com-
pletely unprotected from vaccine. However, several studies,
where detailed information on unvaccinated people were unavail-
able, have used the time interval 0–14 days post first dose as ref-
erence to calculate vaccine effectiveness, showing estimates that
were in line with those from other studies using the exposure
time in unvaccinated people as reference [4,14–16]. Moreover,
using data from only vaccinated individuals might have con-
tributed to reduce the possible bias due to different behaviors
between vaccinated and unvaccinated persons (e.g., probability
of testing and risk exposure due to participation to social
activities).
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5. Conclusion

The mass vaccination campaign conducted in Lazio region
showed a high effectiveness in preventing SARS-CoV-2 infection.
Vaxzevria vaccine showed a lower effectiveness compared to
Comirnaty at the early stage of the vaccination campaign. These
results contribute to the scientific knowledge on vaccine effective-
ness and support the ongoing vaccination campaign by reinforcing
evidence-based communication aimed at reducing vaccine
hesitancy.
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