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ABSTRACT
Objectives On 21 December 2020 the European 
Commission granted conditional marketing authorisation 
in the European Union for the anti- COVID-19 mRNA 
vaccine Bnt162b2 (Comirnaty, Pfizer/BioNTech). The 
main endpoint of this epidemiological, observational, 
prospective and monocentric study was to identify the 
number, types, and severity of adverse events following 
immunisation that occurred in subjects who had been 
previously infected with COVID-19, and in those who 
had not, after vaccination with Comirnaty, and to 
compare the two groups of subjects looking at events 
that occurred within a month after the first and the 
second dose.
Methods Data were gathered by a questionnaire. The 
results included the responses of all healthcare workers 
(2030) of the IRCCS Sacro Cuore Don Calabria Hospital 
(Italy) vaccinated between 1st January and 28th February 
2021. Adverse effects of the vaccine were reported after 
the first and the second doses.
Results There was a statistically significant increase 
(p<0.001, χ2=35.60) in participants who experienced 
some side- effects after receiving the first dose of the 
vaccine and who had previously been infected with 
the coronavirus, compared with participants who 
had not previously been infected. 46.76% (136) of 
the participants who had previously been infected 
experienced some side- effects after the first dose of 
vaccine, and 63.23% (184) experienced some side- 
effects after the second dose, compared with 29.15% 
(507) after the first dose and 70.79% (1231) after the 
second dose in those who had not been previously 
infected. The number of participants who experienced 
side- effects after the second dose and had previously 
been infected was significantly lower compared with 
participants who had not previously been infected 
(p=0.0094, χ2=6.743).
Conclusions Most of the side- effects identified in this 
trial were also reported by the manufacturer and the US 
Food and Drug Administration. Active surveillance should 
always continue to constantly check the vaccine’s risk/
benefit ratio over time.

INTRODUCTION
On 30th January 2020, WHO declared that the 
outbreak of a new beta- coronavirus, severe acute 

respiratory syndrome coronavirus 2 (SARS- CoV-2) 
was an international public health concern. By 
12th March 2020, it was declared a pandemic 
and resulted in a substantial increase in hospital-
isations for pneumonia with multiorgan disease 
called coronavirus disease 2019 (COVID-19). Up 
to 31th March 2021, there have been 128 540 982 
confirmed cases of COVID-19, including 2 808 308 
deaths, reported to WHO.1–4 SARS- CoV-2 infec-
tion may be asymptomatic or it can cause a wide 
spectrum of signs, also life- threatening sepsis. 
Approximately 17–35% of hospitalised patients are 
treated in intensive care units.4 Moreover, genetic 
variants of SARS- CoV-2 are emerging, such as VOC 
202012/01 identified in the UK, 501Y.V2 identi-
fied in South Africa, and P.1 identified in Brazil and 
Japan.5

A key priority is to identify the combination of 
measures that minimise social and economic disrup-
tion while adequately controlling infection.4

Vaccination has become increasingly relevant as 
the SARS- CoV-2 pandemic continues to worsen 
around the world.6 On 21th December 2020, the 
European Commission granted the conditional 
marketing authorisation (CMA) to Pfizer- BioNTech 
COVID-19 mRNA vaccine (nucleoside- modified) 
BNT162b2 (Comirnaty), for active immunisation 
of individuals aged 16 years and older to prevent 
COVID-19.1 7 8 During pre- authorisation studies, 
BNT162b2 showed a vaccine efficacy of 95% (95% 
CI 90.3% to 97.6%) after a two- dose regimen 
(30 µg per dose administered 21 days apart).1

Given the importance of vaccines in fighting this 
public health crisis, it is crucial to understand their 
efficacy and also their safety profile.9

An adverse event following immunisation (AEFI) 
is any episode of a medical nature that occurs after 
the administration of a vaccine (temporal relation-
ship) but not necessarily caused by vaccination 
(causal relationship). Each AEFI must be reported 
to the pharmacovigilance system to allow the 
assessment of any changes in the safety profile of 
the vaccine.10

The most frequent adverse reactions during the 
Comirnaty registration trial were injection site pain, 
fatigue, headache, myalgia and chills, arthralgia, 
fever and swelling at the injection site. They were 
usually mild or moderate in intensity and resolved 
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within a few days after vaccination. Currently, the only major 
risk identified is anaphylaxis.1 7 8

The mRNA vaccines developed by Pfizer/BioNtech use a lipid- 
based nanoparticle carrier system that is further stabilised by a 
polyethylene glycol (PEG) 2000 lipid conjugate that provides a 
hydrophilic layer, prolonging half- life. It is possible that some 
populations are at higher risk for non- IgE- mediated mast cell 
activation or complement activation related to either the lipid or 
the PEG- lipid component of the vaccine.6 9 11

This study was undertaken to highlight the role of the hospital 
pharmacist in vaccine surveillance. Therefore, we considered it 
appropriate to describe accurately the detection of adverse events 
(from the least to the most serious) manifested by all employees 
of the hospital, vaccinated for COVID-19 during the period 1st 
January 2021 to 28th February 2021.

METHODS
Study design
The main endpoint of this epidemiological, observational, 
prospective and monocentric study was to identify the number, 
types and severity of adverse events that occurred in two groups 
of subjects—those who had been previously infected with 
COVID-19, and those who had not been previously infected— 
and to compare these two groups by looking at events that 
occurred within a month after the first and second dose of the 
vaccine.

All hospital healthcare workers, male and female, over 18 
years old, who received vaccinations in the period 1st January 
to 28th February 2021, at the hospital and agreed to participate 
in the trial, were included. All subjects were asked to complete 
independently a nine- item self- administered questionnaire, used 
in printed form (see online supplemental material 1) after both 
the first and second doses of the vaccine.

Follow- up for each participant lasted 30 days from the second 
vaccination until any outcome occurred or the end of the study 
period (31st March 2021), whichever came first.

We assessed the percentage of adverse events which occurred in 
the whole observed population, their onset and duration, distin-
guishing between serious and non- serious adverse drug reac-
tions (ADRs), as defined by the European Medicines Agency.12 
Subjects were stratified by previous COVID-19 infection versus 
no previous COVID-19 infection. We compared the incidence of 
events following both the first and second doses of the vaccine, 
according to the subject stratification.

Subjects were asked to return all questionnaires to the phar-
macy by 31st March 2021 if no events occurred after vaccine 
administration. Otherwise, if post- administration events 
occurred, they were asked to contact the hospital pharmacovig-
ilance representatives immediately and return the completed 
questionnaire within 24 to 72 hours.

The hospital pharmacy was responsible for the design and 
management of the study (data collection and analysis).

Statistical analysis
All statistical tests were performed using Prism (version 8.4.0, 
GraphPad Software Inc, La Jolla, CA, USA). The level of signifi-
cance was set at p<0.05.

Primarily, descriptive statistics were carried out for demo-
graphic variables (gender and age), and COVID-19- related anam-
nesis (previous infection, hospitalisation, duration of infection); 
vaccine side effects (local and general side effects, fatigue, head-
ache, muscle and joint pain, chills, skin rashes, tachycardia and 
fever) were represented by frequencies, percentages, means and 

standard deviations. Inferential statistics were then performed 
to assess the association between side- effects and COVID-19- 
related anamnesis, and the association of various side- effects and 
each other using the χ2 test and Student’s t- test, with a confi-
dence level of 95% and significance value of p<0.05.

RESULTS
Between 1st January and 28th February 2021, a total of 2148 
people were screened and 2030 people aged 19 years and over 
were included in the observational study. A total of 2030 partic-
ipants received injections of BNT162b2. By 31st March, safety 
data from at least 1 month of follow- up were available for a total 
of 2030 participants after the second vaccine dose and were 
included in the final analyses. Of 2030 participants, 63.99% 
(1299) were female and 36.01% (731) were male. The median 
age was 44 years (33;53 years, first;third quartile) and 64.88% 
of participants were over 50 years old. Past medical history of 
the population revealed that 291 subjects (14.33%) had previ-
ously been infected with the SARS- CoV-2 virus and that most 
of the participants (1739, 85.67%) had never been infected. All 
subjects (2030, 100%) received both doses of the Pfizer/BioN-
Tech COVID-19 vaccine. The characteristics of the subjects are 
shown in figure 1.

In the population analysed, only one serious adverse event 
(0.05%) was reported in an approximately 30- year- old female 
subject, who was immediately hospitalised after the second dose 
of vaccine due to symptoms similar to anaphylaxis (skin rash and 
glottal oedema). This serious adverse reaction was completely 
resolved within 24 hours.

A total of 99.95% of reported reactions were related to non- 
serious events, such as injection site pain, fever, fatigue, head-
ache, muscle and joint pain, chills and rash. Paresthesia, dizziness, 
nausea and abdominal pain were also observed, although in 
negligible percentages.

A χ2 test revealed a significant increase (p<0.001; χ2=587.3) 
in the distribution of subjects who experienced side effects 
after receiving the second dose of the vaccine (1415, 69.70%) 
compared with those who reported side effects after the first 
dose (643, 31.67%) (figure 2, panel A). On the other hand, 
there were more asymptomatic subjects after the first vaccine 

Figure 1 Characteristics of study participants based on gender (male 
and female) (panel A), age (divided into five decades) (panel B), and 
previous COVID-19 infection (panel C). Data are expressed as frequency 
(number (n)).
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dose (1387, 68.33%) than after the second one (615, 33.30%) 
(figure 2, panel A).

The number of female participants who reported different 
side effects after receiving both doses of the vaccine was signifi-
cantly higher when compared with males (p<0.001, respectively, 
χ2=51.98 for the first dose and χ2=65.67 for the second dose). 
Among the population that suffered from some side- effects of the 
COVID-19 vaccine after the first dose, 24.73% (159) were male 
and 75.27% (484) were female; after the second dose, 30.32% 
(429) were male and 69.68% (986) were female (figure 2, panel 
C).

643 (31.67%) participants after the first dose and 1415 
(69.70%) participants after the second dose reported at least 
one non- serious adverse reaction on completion of the ques-
tionnaire, with a statistically significant difference between the 
<50-­year-­old­group­and­ the­≥50-­year-­old­group­ for­both­ the­
injections: 424 (65.94%) vs 219 (34.06%) and 947 (66.93%) vs 
468 (33.07%), respectively (p<0.001) (figure 2, panel D).

Results showed a statistically significant increase (p<0.001, 
χ2=35.60) in the number of participants who experienced some 
side- effects after receiving the first dose of the vaccine who had 
previously been infected with the coronavirus, compared with 
participants who had not previously been infected (figure 2, 
panel B). In particular, 46.76% (136) of the participants who 
had previously been infected with the coronavirus manifested 
some side- effects after the first dose of COVID-19 vaccine, and 
63.23% (184) after the second dose, compared with those who 
had not previously had COVID-19 infection (29.15% (507) 

after the first dose and 70.79% (1231) after the second dose) 
(figure 2, panel B). On the other hand, the number of partici-
pants who experienced some side- effects after the second dose, 
and had previously been infected with the coronavirus, was 
significantly lower, compared with participants who had not 
previously been infected (p=0.0094, χ2=6.743) (figure 2, panel 
B).

Injection site pain (even if mild) was the most common local 
reaction reported by all subjects (100%) analysed after both 
the first and second vaccine doses. Among systemic reactions, 
fatigue, headache, muscle pain, joint pain, chills, tachycardia 
and fever were the most common events, and the frequency 
was significantly higher after the second dose compared with 
the first in both the group of subjects previously infected with 
coronavirus and the group of subjects not previously infected 
(previous COVID-19 infection group (48.11% vs 26.80%; 
p<0.001), (26.56% vs 19.59%; p=0.0489), (29.90% vs 
20.27%; p=0.0074), (21.99% vs 13.40%; p=0.0066), (23.71% 
vs 9.62%; p<0.001), (7.22% vs 3.09%; p=0.0245), (16.15% 
vs 5.50%; p<0.001); no previous COVID-19 infection group 
(51.93% vs 14.95%; p<0.001), (30.76% vs 13.63%; p<0.001), 
(31.97% vs 11.44%; p<0.001), (23.46% vs 5.75%; p<0.001), 
(24.96% vs 4.77%; p<0.001), (7.72% vs 1.73%; p<0.001), 
(18.52% vs 1.27%; p<0.001)) (figure 3, panel C, D). Moreover, 
the frequency of fatigue, headache, muscle pain, joint pain, chills 
and fever immediately after the first dose was significantly higher 
in the previously infected group compared with the not previ-
ously infected group ((26.80% vs 14.95%; p<0.001), (19.59% 
vs 13.63%; p=0.0075), (20.27% vs 11.44%; p<0.001), 
(13.40% vs 5.75%; p<0.001), (9.62% vs 4.77%; p=0.0008), 
(5.50% vs 1.27%; p<0.001), respectively) (figure 3, panel A, B).

Fever was higher after the second dose compared to the first 
one (median 38°C (37.5°C;38.5°C, first;third quartile) and 
median 37.6°C (37.4°C; 38°C, first;third quartile), respectively).

Overall, local and systemic reactions were transient, 
had a rapid onset (48.6±7.9 hours after the first dose and 
17.8±0.9 hours after the second one), were of short duration 
(31±5 hours after the first dose and 24.2±1.3 hours after the 
second one), and resolved within a few days after vaccination; 
mostt of them had mild to moderate intensity. The results 
showed a significant reduction (p<0.001) in symptom latencies 
in the previous COVID-19 infection group compared with the 
non- previous COVID-19 infection group, both after the first 
and second vaccine doses (mainly after the first dose). There was 
also a significant reduction (p<0.001) in symptom latencies after 
the booster dose of the vaccine compared with the first dose, 
for both groups: previous COVID-19 infection and no previous 
COVID-19 infection, but mainly in the latter one (figure 4, 
panel A). On the other hand, the duration of symptoms after the 
first dose was significantly reduced (p<0.001) in the previous 
COVID-19 infection group compared with the no previous 
COVID-19 infection group, while the duration of symptoms for 
this latter group was significantly reduced (p<0.001) after the 
second dose compared with the first dose (figure 4, panel B).

Gastrointestinal discomfort (nausea, abdominal pain, diar-
rhoea) (40 (2%) after the first dose vs 136 (6.7%) after the second 
dose, respectively) and rarely syncope and dizziness (5 (0.25%) 
after first dose vs 23 (1.13%) after the second), paresthesia (4 
(0.2%) after the first dose vs 15 (0.74%) after the second) and 
dyspnoea (5 cases (0.25%) only after the second dose) occurred.

Bizarre reactions such as herpes zoster reactivation and 
lymphadenopathy (both supraclavicular and axillary) were also 
observed in 5 (0.25%) and 19 (0.94%) subjects, respectively, after 
the first dose and in 10 (0.5%) and 72 (3.5%) subjects after the 

Figure 2 Pfizer/BioNTech COVID-19 vaccine side effects distribution 
following first and second doses (symptomatic and asymptomatic subjects) 
(panel A), stratified also for gender (panel B), age under and over 50 years 
(panel C), and previous and non- previous COVID-19 infection (panel D). 
Frequency data are expressed as a percentage of the total population 
analysed (2030 subjects; panel A), as a percentage of symptomatic subjects 
after the first and second doses (643 and 1415, respectively; panels B and 
C), and as a percentage of previous and non- previous COVID-19 infected 
subjects (291 and 1739, respectively; panel D). A statistical analysis of the 
comparison between the different frequencies was performed with a χ2 
test. **p<0.01 versus non- previous COVID-19 infection after the second 
dose; ***p<0.001 versus asymptomatic, female and over 50 years in the 
same dose; ###p<0.001 versus second dose.
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vaccine booster. Data showed a statistically significant increase 
only in the incidence of lymphadenopathy after the second dose 
of vaccine (p<0.001; χ2=31.52).

Use of antipyretic/pain medications (ie, acetaminophen, 
ibuprofen, ketoprofen, naproxen, acetylsalicylic acid, nimesulide 
and ketorolac) was more common and statistically significantly 
greater after the booster dose compared with the first dose in 
both previous and no previous COVID-19 infection groups 
(p<0.001; respectively χ2=36.97 and χ2=572.1). Moreover, 
after the first vaccine dose the use of antipyretic/pain medica-
tion drugs was statistically greater in the group of subjects with 
previous COVID-19 infection (p<0.001; χ2=38.98). In partic-
ular after the first dose, 19.59% (57 subjects) of the previous 
COVID-19 infection group and 7.94% (138 subjects) of the 
no previous COVID-19 infection group took at least one drug. 
After the vaccine booster, 42.96% (125 subjects) of the previous 
COVID-19 infection group and 43.36% (754 subjects) of the no 
previous COVID-19 infection group used drugs (figure 4, panel 
C).

DISCUSSION
The efficacy and safety of COVID-19 vaccines are not easy to 
establish, given their rapid development, thus actions should be 
implemented to identify possible AEFIs. Constant monitoring 
and data collection should be implemented to improve the effi-
cacy and safety profile of COVID-19 vaccines. To contribute to 
this, we carried out an epidemiological, observational, prospec-
tive and monocentric study, analysing short and medium term 
(immediately after and within 1 month later) adverse events 
following administration of the Pfizer/BioNTech COVID-19 
vaccine, the first mRNA vaccine ever developed.13

Although the present study was conducted in a limited popu-
lation (2030 subjects), it reported one severe AEFI with an 
incidence rate of 0.05%, potentially due to an anaphylactic 
syndrome. However, the real aetiology remains unknown.

Usually, for most vaccines, anaphylaxis is uncommon (occur-
ring at a rate of less than one per million doses).14 15 On the 
other hand, anaphylaxis following Pfizer/BioNTech COVID-19 
vaccine administration has been reported more frequently with 
a rate closer to 1:125 000 doses, probably due to the presence of 
pegylated nanoparticles (PEG2000) as excipients.9

A small number of people previously exposed to PEG may 
have high levels of antibodies against it, which puts them at risk 
of an anaphylactic reaction to the vaccine.16

Our results, according to the literature, showed that the main 
AEFIs reported are non- serious, described as local injection site 
or systemic reactions, which mainly lasted only a few days after 
vaccination.1 17–19

Systemic adverse reactions were generally reported more 
frequently after the second dose than after the first one. Further-
more, AEFIs were generally more frequent and severe in females 
compared with males, and in people under the age of 50 
compared with those over 50.

These findings are in agreement with El- Shitany et al17 and 
Polack et al1, stating that the vaccine- associated systemic side 
effects are more common among younger people and after the 
second dose of the vaccine, but disagree with them in reporting 
that injection site pain was more frequent among people younger 
than 55 years compared with older people (in fact, all people 
vaccinated reported injection site pain).

This observation could be justified by the stimulation of the 
immune response induced by the vaccine, as well as by the 

Figure 3 Adverse reactions reported after the first and second doses of vaccine (panels A and B, respectively) and in previously COVID-19 infected 
subjects and not previously infected subjects (panels C and D, respectively), stratified by previous and no previous COVID-19 infection, and for first 
and second dose. Frequency data are expressed as a percentage of previous and non- previous COVID-19 infected subjects (respectively 291 and 1739; 
panels A–D). A statistical analysis of the comparison between the different frequencies among variables was performed using the χ2 test. **p<0.01 and 
***p<0.001 versus non- previous COVID-19 infection after the first dose. #p≤0.05, ##p<0.01 and ###p<0.001 versus the second dose.
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stronger and more efficient immune systems of younger people 
compared with older ones.1 17 20 This could explain both the 
higher prevalence of side effects in people under 50 compared 
with older people, and the higher frequency of AEFIs in people 
previously infected with COVID-19 compared with people not 
previously infected.

These data are in agreement with emerging real- world evidence 
suggesting that the antibody responses to the first vaccine dose 
in individuals with prior SARS- CoV-2 infection is equal to or 
exceeds the antibody titres found in naïve individuals after the 
second dose. Indeed, recent findings report high antibody titres 
and neutralisation activity after the first dose of the Comirnaty 
vaccine in individuals who already had SARS- CoV-2 infection.21 
Indeed, the immune system may produce cytokines that could 
have an inflammatory effect on blood vessels, muscles, and other 
tissues. It may also produce flu- like symptoms that last several 
days after vaccination.20

We assume that since side effects are greater after the second 
dose of the vaccine in patients who have not previously been 
infected, similarly the first dose of the vaccine may represent a 
booster dose in previous COVID-19 infected patients and there-
fore triggers an ADR more frequently (figure 2 panel B).

Our study confirms recently published evidences suggesting 
that antibody responses after a single dose of the vaccine were 
significantly higher in previously infected vaccinated people. 
Furthermore, it seems that vaccination of individuals with 
evidence of a previous infection leads to a booster response, 
reaching IgG titres of approximately one order of magnitude 
higher than naïve individuals.16–18 22 23

Furthermore, a recent study highlights that the simultaneous 
production of neutralising antibodies, activation of virus- specific 
CD4+ and CD8+ T cells, and robust release of immunomodula-
tory cytokines such as interferon γ (key cytokines along with type 
I interferons for several antiviral responses), represent a coordi-
nated immune response to counter viral intrusion, supporting a 
favourable TH1 profile to the detriment of a potentially delete-
rious TH2 immune response.20

Finally, the most frequent symptoms, justifying the use of 
non- steroidal anti- inflammatory drugs, analgesic drugs and anti-
pyretic drugs, were injection site pain, fatigue, headache and 
muscle and joint pain.

These findings are similar to those from clinical trials, in 
which injection site pain, fatigue, headache and myalgia were 
most frequently reported after the second dose.22

These results are in accordance with the previously reported 
side- effects of the vaccine and the information of the summary 
of the product characteristics of the Pfizer/BioNTech COVID-19 
vaccine. Moreover, systemic adverse reactions had a median 
onset of 1–2 days after vaccine receipt and resolved completely 
within a few days.

Nevertheless, paresthesia, gastrointestinal discomfort (nausea, 
abdominal pain, diarrhoea), dizziness, dyspnoea, reactivation of 
herpes zoster and lymphadenopathy (both supraclavicular and 
axillary) were also reported.

CONCLUSION
The side- effects that have been identified after administration of 
the Pfizer/BioNTech COVID-19 vaccine are typical symptoms 
of most vaccines, and most of them are tolerated.12 24 Most of 
the symptoms have been reported by the manufacturer and FDA 
fact sheets.25 However, we must continue to monitor the Pfizer/

Key messages

What is already known on this subject
 ► Current scientific knowledge on adverse reactions from 
the Comirnaty (Pfizer/BioNTech) vaccine confirms what is 
reported in the summary of product characteristics. However, 
there is no clear information on the different responses to 
the vaccine, especially on the number, types and severity of 
adverse events following immunisation (AEFIs) that occurred 
in subjects either previously infected with COVID-19 or not 
previously infected, both after the first and second dose.

 ► Active surveillance is important to confirm the efficacy of 
immunisation and also to detect novel and serious AEFIs.

What this study adds
 ► This study represents real- world evidence, involving a 
significant number of subjects monitored for 1 month after 
both doses and highlighting the safety of the Comirnaty 
vaccine.

 ► This study, for the first time, clearly shows that the number 
and severity of AEFIs that occurred in subjects previously 
infected with COVID-19 after the first dose of Comirnaty 
are similar to AEFIs that occurred after the second dose in 
subjects not previously infected with COVID-19.

 ► These data also support the emerging real- world evidence 
suggesting that the antibody response to the first vaccine 
dose in individuals with prior SARS- CoV-2 infection is equal 
to or exceeds the antibody titres found in naïve individuals 
after the second dose.

Figure 4 Onset (panel A) and duration (panel B) of adverse effects and 
frequency of symptomatic drug intake (panel C) after the first and second 
doses of Pfizer/BioNTech COVID-19 vaccine stratified by previous and 
non- previous COVID-19 infection. Latency and duration are expressed 
as mean±SD in hours, while the frequency of symptomatic drug intake 
after vaccination is expressed as a percentage of previous and non- 
previous COVID-19 infected subjects (respectively 291 and 1739; panel 
C). Statistical analyses of latency and duration were performed with the 
Student t- test, while a comparison of frequencies was performed with the 
χ2 test. ***p<0.001 versus non- previous COVID-19 infection; ###p<0.001 
versus second dose.
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BioNTech COVID-19 vaccine over a long period of time through 
active surveillance to confirm the efficacy of immunisation and 
also to detect novel and serious AEFIs.
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