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1. Introduction

A vaccination program is considered the most important pub-
lic health tool in overcoming an infectious disease, with a key 
impact on morbidity and mortality at the global level. 
Therefore, the Coronavirus disease-2019 (COVID-19) pandemic 
caused by the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) drove the need to rapidly test and approve 
new effective vaccines. The main objectives in the clinical 
development program were focused on protecting from 
symptomatic disease, reducing the risk of becoming seriously 
ill, and preventing infection by stopping the transmission. In 
this editorial, I review evidence of the safety, efficacy, and 
effectiveness of the COVID-19 vaccines authorized by the 
European regulatory authority until June 2021.

Clinical trials data: efficacy and safety

The European Medicines Agency (EMA) to confirm that 
a vaccine is safe, provides adequate protection, and is of 
suitable quality, recommends approval after a thorough eva-
luation. According to the clinical requirements for COVID-19 
vaccines for obtaining a conditional marketing authorization 
in the European Union (EU), at least one well-designed large- 
scale phase III efficacy trial should be conducted, with the 
primary endpoint defined as laboratory-confirmed COVID-19 
disease of any severity in study participants seronegative for 
SARS-CoV-2 at baseline; the point estimate of vaccine efficacy 
was set at least 50% with a lower bound of the 95% confi-
dence interval >20% (preferably >30%), and it was recom-
mended to assess vaccine efficacy against severe disease, 
hospitalization, and death as secondary endpoints [1]. 
Moreover, the pivotal trial should include individuals with pre- 
existing comorbidities and aged ≥65 years. A review of at least 
6 weeks post-vaccination safety data should be available [1]; 
however, a median follow-up duration of 2 months after 
completion of the full vaccination regimen was considered 
sufficient by EMA to provide adequate information in the 
Dossier to assess a vaccine’s benefit-risk profile.

EMA, using the rolling review regulatory tool to speed up 
the assessment process during a public health emergency, 
granted four conditional approvals for COVID-19 vaccines 

that met a positive benefit-risk balance: BNT162b2 
(Comirnaty), mRNA-1273 (COVID-19 Vaccine Moderna), 
ChAdOx1-S (Vaxzevria), and Ad26.COV2-S (COVID-19 Vaccine 
Janssen) (Table 1). Both BNT162b2 and mRNA-1273 are based 
on nucleoside-modified mRNA encoding for the full-length 
SARS-CoV-2 spike (S) glycoprotein encapsulated in lipid nano-
particles, while ChAdOx1-S and Ad26.COV2-S are monovalent, 
recombinant, replication-incompetent chimpanzee and type 
26 adenovirus vectors, respectively, encoding the 
S glycoprotein [2–5].

The efficacy and safety of COVID-19 vaccines were evalu-
ated by Phase 3 randomized controlled trials, whose primary 
endpoint was the symptomatic infection. Among 34,922 par-
ticipants evaluated at 7 days after the second dose, BNT162b2 
was effective at 95.0% [95% Confidence Interval (CI) 90.0–97.9] 
in preventing symptomatic COVID-19, and the protective 
effect was consistent among age groups [2] (Figure 1A); 
while the efficacy of a single dose was 52% (95% CI 30–68). 
Similarly, mRNA-1273 efficacy, among 28,207 participants eval-
uated after 14 days post-dose 2, was 94.1% [95% CI 89.3–96.8], 
higher in those aged 18–64 years compared to ≥65 years old 
[3]. For ChAdOx1-S vaccine, the initial intent was to implement 
a one dose only immunization schedule, but following 
a review of immunogenicity data a second dose was intro-
duced. However, due to delays that occurred in clinical trial 
material availability for second dose vaccinations, the interval 
between doses 1 and 2 ranged from 4 to 26 weeks. Data 
suggested that a longer interval could give better results. 
ChAdOx1-S efficacy was 59.5% (95% CI 45.8–69.7) in 10,448 
participants (enrolled in two different trials conducted in UK 
and Brazil) receiving two shots with a dosing interval ranging 
from 4 to 12 weeks [4]; evidence showed protection starts 
from approximately 3 weeks after the first dose of vaccine, 
estimated to be about 70%, with significant differences 
between UK (40%) and Brazil (80%); of note, an increasing 
trend in efficacy was found across the dosing interval from 
53.3% (95% CI −3.2–78.9) to 78.8% (95% CI 37.6–92.8) after 4 
and 12 weeks respectively, probably due to the decrease of 
anti-vector antibodies. Most enrolled subjects were 18– 
55 years old, and those aged ≥65 years were only approxi-
mately 7% (about 600 participants), therefore disease 
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protection was not estimated in the elderly. After at least 
2 weeks from vaccination, Ad26.COV2-S vaccine, evaluated 
on 39,321 participants, showed an efficacy equal to 66.9% 
(95% CI 59.0–73.4), slightly higher in older adults (82.4%, 
95% CI 63.9–92.4); moreover, higher efficacy was detected in 
the United States (74.4%, 95% CI 65.0–81.6) as compared to 
Brazil (66.2%, 95% CI 51.0–77.1) and South Africa (52.0%, 95% 
CI 30.3–67.4), likely due to virus variants [5].

For the mRNA-based vaccines the most frequent adverse 
reactions were injection site pain, fatigue, headache, myalgia 
and chills, arthralgia, pyrexia; uncommon events were lympha-
denopathy and hypersensitivity; rare events were acute per-
ipheral facial paralysis and anaphylaxis. For ChAdOx1-S 
a common disorder was thrombocytopenia, and an imbalance 
in the frequency of adverse events reported as nervous system 
disorders was observed between vaccinated and controls; 
moreover, one case of transverse myelitis was considered 
related to the vaccine due to the timing and lack of alternative 
causes, further, there was a single case of multiple sclerosis 
whose causality to the vaccine could not be excluded. With 
Ad26.COV2-S an imbalance between vaccine and placebo 
groups was observed for embolic and thrombotic events 
(deep vein thrombosis, pulmonary embolism, sinus venous 
thrombosis), tinnitus, and urticaria.

Post-marketing experience: effectiveness

After marketing authorization, several studies were conducted 
to assess vaccines’ effectiveness (VE). Indeed, while efficacy 
can be defined as the performance of an intervention under 
ideal and controlled circumstances (i.e. clinical trial), effective-
ness refers to its performance in the real-world setting.

Vaccination campaigns in EU initially targeted healthcare 
workers (HCW) who were immunized with BNT162b2 vaccine. 
In a retrospective cohort study conducted in an Italian pro-
vince on 6,423 HCW, VE in preventing both asymptomatic and 
symptomatic SARS-CoV-2 infections was 84.1% (95% CI 39.7– 
95.8) at 14–21 days after the administration of the first dose, 
and 95.1% (95% CI 62.4–99.4) at least 7 days after the second 
dose, whereas VE against the symptomatic disease was 83.3% 
(95% CI 14.8–96.7) and 93.7% (95% CI 50.8–99.2) respectively 

[6] (Figure 1B). In a prospective cohort study conducted in 
England on 23,324 HCW, a single dose of the vaccine showed 
VE against infections of 70% (95% CI 55–85) 21 days after the 
first dose, which increased to 85% (95% CI 74–96) 7 days after 
two doses [7]. An early rate reduction of SARS-CoV-2 infection 
and COVID-19 was also assessed during the national immuni-
zation campaign in Israel on 9,109 HCW; VE against SARS-CoV 
-2 infection was 75% (95% CI 72–84), and increased to 85% 
(95% CI 71–92) for symptomatic COVID-19 for days 15–28 after 
the first dose [8]. Finally, results from a test-negative case- 
control study conducted among HCW at 33 sites in the 
United States indicated that VE against the symptomatic dis-
ease of a single dose (measured 14 days after the first dose 
through 6 days after the second dose) was 82% (95% CI 74– 
87) that increased to 94% (95% CI 87–97) at ≥7 days after 
the second dose [9].

A large study conducted in Israel (596,618 vaccinated per-
sons matched to unvaccinated controls) estimated a VE at 14– 
20 days after the first dose and ≥7 days after the second equal 
to 46% (95% CI, 40–51) and 92% (95% CI 88–95) for SARS-CoV 
-2 infection, 57% (95% CI 50–63) and 94% (95% CI 87–98) for 
symptomatic COVID-19, 74% (95% CI 56–86) and 87% (95% CI 
55–100) for hospitalization [10]. Another study in Israel follow-
ing the nationwide vaccination campaign confirmed a VE after 
the second dose of 97.0% (95%CI 96.7, 97.2) against sympto-
matic COVID-19, and 97.2% (95%CI 96.8, 97.5) against hospi-
talization [11]. Data from mass COVID-19 vaccination in 
Scotland showed a VE of 91% (95%CI 85, 94) and 88% (95% 
CI 75, 94) in reducing hospital admissions at 28–34 days post 
the first dose for BNT162b2 and ChAdOx1-S, respectively [12]. 
According to a recent study in England, BNT162b2 and 
ChAdOx1-S vaccines were both effective at preventing older 
adults aged ≥70 years from symptomatic disease [13]. 
Specifically, BNT162b2 reached a VE of 61% (95% CI 51–69) 
from 28–34 days after vaccination and then stabilized, while 
ChAdOx1-S from a VE of 60% (95% CI 41–73) increased to 73% 
(95% CI 27–90) from day 35 onwards; reduced risk of emer-
gency hospital admission was observed after one dose of 
BNT162b2 (43%, 95% CI 33–52) and ChAdOx1-S (37%, 95% 
CI 3–59).

All four vaccines were effective against the Alfa (B.1.1.7) var-
iant, however, a decrease in neutralizing activity for Beta (501Y. 

Table 1. COVID-19 vaccines approved in the European Union.

Generic 
name

Brand name Marketing 
authorization 
holder

Composition Posology Approved 
indication

BNT162b2 Comirnaty BioNTech 
Manufacturing GmbH

30 µg of mRNA (nucleoside modified), embedded in 
lipid nanoparticles

2 doses (0.3 mL each) 
3 weeks apart

≥12 years

mRNA- 
1273

COVID-19 Vaccine 
Moderna

Moderna Biotech Spain 100 µg of mRNA (nucleoside modified), embedded 
in lipid nanoparticles

2 doses (0.5 mL each) 
4 weeks apart

≥18 years

ChAdOx1- 
S

Vaxzevria AstraZeneca AB 2.5 x 108 infectious units of ChAdOx1-S 
(recombinant)

2 doses (0.5 mL each) 4– 
12 weeks apart

≥18 years

Ad26. 
COV2-S

COVID-19 Vaccine 
Janssen

Janssen-Cilag 
International NV

8.92 log10 infectious units of Ad26.COV2-S 
(recombinant)

1 dose (0.5 mL) ≥18 years

mRNA: single-strained, 5ʹ-capped messenger RNA produced using a cell-free in vitro transcription from corresponding DNA templates, encoding the viral spike 
protein of SARS-CoV-2 [2,3]. ChAdOx-S: Chimpanzee Adenovirus encoding the SARS-CoV-2 Spike glycoprotein, produced in genetically modified human embryonic 
kidney 293 cells and by recombinant DNA technology [4]. Ad26.COV2-S: Adenovirus type 26 encoding the SARS-CoV-2 Spike, produced in the PER.C6 TetR cell line 
and by recombinant DNA technology [5]. 

BNT162b2 was approved in December 2020 for individuals ≥16 years old, but at the end of May 2021 the marketing authorization was extended to children aged 
12–15 years. 

All vaccines are administered intramuscularly. 
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V2) and Gamma (P.1) variants emerged. Specifically, mRNA-based 
and Ad26.COV2-S vaccines maintained even if reduced their 
efficacy [5,14], while ChAdOx1-S during a trial conducted in 
South Africa (which was stopped) showed minimal protection 
against the variant identified in that country. Finally, recent data 
suggest that protective immunity by the mRNA vaccines is likely 
retained against the Delta (B.1.617.1) variant [15].

Pharmacovigilance

A well-established pharmacovigilance system of the EU regula-
tory network (composed by national competent authorities of 
each member state) allows to monitor post-marketing safety, 
and to prepare a periodic report on the vaccines’ side effects to 
ensure that all new information collected are promptly reviewed 
and any emerging new information shared at Europen level [16].

A combination of thrombosis and thrombocytopenia, in 
some cases accompanied by bleeding, has been observed 
very rarely following vaccination with ChAdOx1-S and Ad26. 
COV2-S [4,5,17,18]. This includes severe cases presenting as 
venous thrombosis, comprising unusual sites such as cerebral 
venous sinus thrombosis, splanchnic vein thrombosis, as well 
as arterial thrombosis, concomitant with thrombocytopenia. 
Fatal outcomes have been reported. These cases occurred 
within the first three weeks following vaccination, and mostly 
in women under 60 years of age, with a notification rate of 1/ 
100,000 doses. Analyzing some cases of severe venous throm-
boembolism in unusual sites and concomitant thrombocyto-
penia, a common denominator was a high level of antibodies 
to PF4–polyanion complexes, suggesting that vaccination with 
ChAdOx1 can result in the rare development of immune throm-
botic thrombocytopenia mediated by platelet-activating anti-
bodies against PF4, which clinically mimics autoimmune 
heparin-induced thrombocytopenia [19,20]. As a result of the 
safety signal and subsequent evaluation, several EU countries 

have changed their recommendations on the use of ChAdOx1, 
administering the vaccine only to certain age groups, in most 
cases the elderly ≥60 years old; in addition, some countries 
currently administer the second dose with an mRNA vaccine 
[21]. Pharmacovigilance Risk Assessment Committee (PRAC) 
has also identified capillary leak syndrome (a serious condition 
that causes fluid leakage from small blood vessels) as a side 
effect of ChAdOx1-S vaccine (mostly occurred in women) and 
concluded that this is a contraindication for people who have 
previously had this syndrome; moreover, PRAC assessed cases 
of Guillain-Barré syndrome (an immune system disorder that 
causes nerve inflammation), and of acute disseminated ence-
phalomyelitis (an autoimmune disease characterized by sud-
den, widespread inflammation in the brain and spinal cord) and 
encephalitis reported as suspected side effects after vaccina-
tion with ChAdOx1-S [17]. PRAC is also continuing its assess-
ment of myocarditis (inflammation of the heart muscle) and 
pericarditis (inflammation of the membrane around the heart) 
reported in a small number of people following vaccination 
with COVID-19 vaccines. This assessment follows case reports 
of myocarditis/pericarditis (mainly males under 30 years of age) 
after vaccination with BNT162b2 and mRNA-1273 [22,23]. 
Moreover, reports of facial swelling in persons who have 
received dermatological fillers after mRNA-based vaccines 
were recorded.

The Italian Medicines Agency has published the fifth COVID- 
19 Vaccine Surveillance Report for the four vaccines used in the 
current vaccination campaign [24]. Over the period from 
December 2020 to May 2021, 66,258 reports were recorded 
out of 32,429,611 administered doses with a notification rate 
of 204 per 100,000 doses: 90% of notifications were related to 
non-serious events (mostly flu-like symptoms) and 10% (21 per 
100,000 doses) to serious events, regardless the possible causal 
role of vaccination. Specifically, the notification rate (per 100,000 
doses) was 36 for ChAdOx1-S, 18 for BNT162b2, 13 for mRNA- 

Figure 1. Efficacy (Panel A) and effectiveness (Panel B) of COVID-19 vaccines [2–10,12,13].
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1273, and 5 for Ad26.COV2-S. BNT162b2 was the most used 
(69%) in the vaccination campaign in Italy, followed by 
ChAdOx1-S (21%), mRNA-1273 (9%), and Ad26.COV2-S (1%).

Concluding remarks

Data coming from vaccination campaigns confirmed that 
authorized vaccines are effective in preventing infection, disease, 
and hospitalization, supporting the results of phase III trials, 
although some differences emerged between mRNA- and vec-
tor-based vaccines. BNT162b2 and mRNA-1273 showed higher 
efficacy in randomized controlled trials with a better safety 
profile in the post-marketing, proving suitable for all age groups 
as compared to ChAdOx1-S and Ad26.COV2-S. As expected, after 
the first dose lower protection from COVID-19 was detected for 
BNT162b2 as compared to ChAdOx1-S that in the clinical devel-
opment foresaw a single shot as Ad26.COV2-S; however, during 
the trial a second dose for longer-term protection was added. It 
is of note that mRNA-based platform is more flexible to adapt 
the antigen to new emerging virus variants in a short time, while 
vector-based vaccines may have low efficacy for the pre-existing 
anti-vector immune responses in case of repeated vaccinations 
are needed. However, mRNA- compared to vector-based vac-
cines have higher costs and require the availability of cold chain 
capacity; moreover, two close injections are required to be fully 
effective against the disease and its complications.

In the absence of definitive correlates of protective immu-
nity, the presence of neutralizing antibodies against SARS-CoV 
-2 provides the best current indication for protection. 
Although the available evidence is still limited, results from 
observational studies of VE against symptomatic and asymp-
tomatic infection, viral load, and duration of viral shedding are 
suggestive of substantial protection against infection, and 
consequently of relevant effect against transmission [25].

In conclusion, real-world VE data are key for guiding evol-
ving COVID-19 vaccine policy, and further information and 
monitoring will be essential to make conclusions about the 
duration of protection.
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