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Abstract
In this cross-sectional study, adverse events after the first and second dose of BNT162b2 mRNA (Pfizer-BioNTech, Comir-
naty) vaccine against coronavirus disease 2019 were investigated among employees of clinics in central Italy. A 42-items 
questionnaire was administrated to vaccine recipients. Adverse events were classified based on severity and occurrence as 
reported in the literature. A descriptive/univariate analysis using Chi-square or Fisher’s Exact tests was performed. Odds 
ratio (OR) and 95% confidence intervals were calculated to assess risk factors. 340 individuals (61.5% females; median 
age 49 years) participated. Adverse events were reported by 279 (82%) and 281 (82.6%) individuals as induced by the first 
and second dose, respectively. Mild reactions were mainly reported (80.9% and 80.3%), followed by moderate (11.8% and 
37.1%) and severe (3.8% and 4.7%). Adverse events were identical to those already described as very common (81.8% and 
80.6%), although vaccine-coincidental events not cited in the literature were reported by 6% and 15.6% following each dose. 
Age ≤ 55 years was a risk factor for any adverse event after each injection (ORs: 2.942 and 2.818), as well as female sex for 
those mild (ORs: 1.856 and 2.818) and common (ORs: 3.452 and 2.145). Findings were consistent with national reports as 
most of the adverse events were mild and associated with female sex and young age, while investigations are needed for reac-
tions not described elsewhere. Data are useful to support the vaccine safety profile, also because largely targeted healthcare 
personnel more skilled than general population in self-diagnosis of health-related issues.
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Introduction

Coronavirus 2019 (COVID-19) disease, at time of writ-
ing (August 6, 2021) globally affected more than 202 
million of people and caused more than 4 million deaths 
[1], while about 4 million confirmed cases and 128,220 
deaths occurred in Italy. Beyond the public health meas-
ures implemented for containing the pandemic [2], huge 
efforts have been undertaken for the vaccine development 
and administration [3, 4], being the most effective way to 
prevent disease and outcomes [5].

Data updated to August 3, 2021, reported that 21 vac-
cines were approved by at least in one world country, of 
which eight were inactivated vaccines, six non-replicating 
viral vector, four protein subunits, and three RNA-based 
vaccines [6]. On December 11, 2020, the Food and Drug 
Administration (FDA) issued an Emergency Use Authori-
zation for BNT162b2 (Pfizer-BioNTech, Comirnaty) 
mRNA COVID-19 vaccine [7], and on December 21, 
2020, the European Medicines Agency (EMA) authorised 
the vaccine to people from 16 years of age [8]. On Decem-
ber 22, the Italian Medicines Agency also authorised the 
marketing of Comirnaty vaccine [9], and the vaccination 
campaign started on December 27, 2020. As of August 6, 
2021, in Italy, 70,587,195 doses have been administered 
[10].

Despite being safe, sustainable, and effective, vaccines 
could be accompanied with risks of coincidental adverse 
events, which may not necessarily have a causal relationship 
with their use [11]. For candidate vaccines, safety assess-
ment is integrated into all stages of the clinical develop-
ment pipeline, and once they are deployed into the popula-
tion [12]. The interim phase 1/2 safety results revealed that 
mRNA-based vaccines generally led to pain at the injec-
tion site as a very common feature, followed by headache, 
myalgia, fatigue, and fever [13, 14]. During mass vacci-
nation campaign, novel findings on the safety profiles of 
each vaccine are being accumulated, including that people 
experienced more adverse events after the second dose 
of Comirnaty vaccine than the first [15]. In Italy, adverse 
reactions were voluntarily reported by vaccine recipients 
to the pharmacovigilance surveillance on COVID-19 vac-
cines established by the Italian Medicines Agency [16], 
and reports were published monthly for each vaccine. Con-
versely, research studies on vaccine-related adverse events 
are limited yet [17], and mostly retrieved with an electronic 
search in the public Italian Medicines Agency database [18].

In this study, an active surveillance was conducted among 
employees of clinics in central Italy to evaluate occurrence 
of any adverse event after both injections of Comirnaty vac-
cine, and to investigate reactions previously unrecognised in 
the literature or in the summary of product characteristics. 

The findings may provide new insights on the vaccine safety 
profile, enabling risk data stratification by sex, age, profes-
sional activity, comorbidities, and pharmacological treat-
ments of the participants.

Materials and Methods

Study Design and Setting

This was a retrospective study based on data anonymously 
collected during February–March 2021 by enrolling employ-
ees at five private health clinics, three in Molise and two in 
Abruzzo regions, central Italy. The research was designed 
to investigate on each adverse event after immunization 
with Comirnaty vaccine administered between January and 
March 2021. The inclusion criteria for the participation 
were (i) to sign an informed consent agreeing to the study 
aims and provide anonymous data on vaccination; (ii) to be 
employed in a clinic identified, and (iii) to have received and 
completed the Comirnaty vaccination.

Questionnaire Methodology

Participants were asked to reply to questions formulated by 
trained interviewers via the telephone. A novel questionnaire 
was developed, which was tested before administration in 
a pilot study among healthcare personnel for its validation 
(data not reported). The questionnaire comprised 42 ques-
tions, structured into different sections as follows: socio-
demographic characteristics; COVID-19 history; individu-
al’s vaccination history in the previous 6 months; follow-up 
after the first and second injection of Comirnaty vaccine; 
reporting of adverse event following COVID vaccination; 
acute or chronic pre-existing diseases and related treatment; 
and medical surveillance related to results of swab testing 
during or after COVID vaccination.

Questions on Adverse Events After the First 
and Second Vaccine Dose

Participants provided date of the dose administration, and 
information on any adverse event listed in the questionnaire 
and classified into mild, moderate, and severe, according to 
the trial design conducted by Pfizer [19] and elsewhere [20]. 
Mild events included pain/redness/swelling at the injection 
site, fatigue, headache, fever ≤ 38 °C, chills, abdominal pain, 
nausea, insomnia, and sleep disorders. Moderate events 
were fever > 38 °C and < 39 °C, lymphadenopathy, myal-
gia/arthralgia, localized urticaria, vomiting, and diarrhoea. 
Severe events comprised generalized urticaria, angioedema, 
oedema glottidis, dyspnoea, anaphylaxis, neuropathy, par-
aesthesia, and fever ≥ 39 °C.
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The adverse events were also grouped into very common 
(≥ 1/10), common (≥ 1/100 to < 1/10), uncommon (≥ 1/1000 
to < 1/100), and rare (≥ 1/10,000 to < 1/1000), according 
to the European Medicines Agency [21]. Any additional 
adverse event not listed and spontaneously reported by the 
participants was annotated for both doses. After each injec-
tion, participants were asked to indicate onset and resolu-
tion of each adverse event. There were also questions on 
medication used for the treatment of any symptom/sign after 
vaccine injections, as well as those used prior to vaccine 
administration.

Statistics

A descriptive analysis was performed, calculating absolute/
relative (%) frequencies, and mean, median and range for 
qualitative and quantitative variables, respectively. Chi-
square and Fisher’s Exact tests were used to evaluate the 
association between adverse events and any factor. Chi-
square test was also applied to evaluate differences between 
occurrence of adverse events after each injection. The analy-
ses were carried out using IBM SPSS Statistics Software, 
version 26.0, and considered significant for p < 0.05. Multi-
variate logistic regression (with stepwise method with back-
ward elimination) enabled to assess the association between 
adverse events and any variable, calculating Odds Ratios 
(ORs) and 95% confidence intervals (95% CI).

Results

Study Sample

404 individuals were identified as had undergone Comirnaty 
vaccination, although 64 (15.8%) subjects were excluded 
because did not fit with the inclusion criteria. The 340 
remaining subjects participated to the study (response rate 
84.1%). The enrolled subjects were aged 49.2 ± 13.4 years 
(median 49 years; range 20–79 years), 209 (61.5%) were 
females, and 263 (77.3%) were healthcare workers (HCWs). 
25% (n = 86) of the vaccine recipients belonged to the age 
group of 40–49 years, followed by 22% at age 60–69 years 
(n = 76) and 50–59 years (n = 75).

147 (43.2%) participants declared suffering from comor-
bidities, and the most frequent were hypertension (n = 55, 
37.4%), allergies (n = 42, 28.6%), thyroid disorders (n = 34, 
23.1%), hypercholesterolaemia (n = 15, 10.2%), and diabetes 
(n = 9, 6.1%). At the time of the interview, 42.6% (n = 145) 
of participants who had received their first dose was under 
treatment for acute/chronic diseases, with thyroid (n = 25, 

17.2%) and antihypertensive (n = 20, 13.8%) medication as 
the most prevalent treatment.

In the 6 months prior to the first Comirnaty dose, 
89 (26.2%) individuals had received other vaccines: 77 
(86.5%) anti-influenza, 11 (12.3%) anti-influenza and 
anti-pneumococcal vaccines, and one (1.1%) anti-HBV. 
Before the first injection, 18 (5.3%) workers had a COVID-
19 diagnosis confirmed by molecular PCR-based testing 
between March and November 2020, and 15 (83.3%) had 
developed COVID-19 symptoms, although none had severe 
or critical disease or required hospitalization. Twenty 
percent (n = 68) of participants were subjected to a naso-
pharyngeal swab for SARS-CoV-2 testing for a screen-
ing program or in another context, with 57 (n = 83.8%) 
and 11 (16.2%) who undergone a rapid antigenic test and 
molecular swab test, respectively. Results were negative in 
all cases. Despite the vaccination, seven (2.1%) individu-
als reported COVID-related symptoms (unknown time of 
onset), including dry cough, fever > 38 °C, myalgia, and 
gastrointestinal disorders; of these, three subjects had a 
previous confirmed diagnosis of COVID-19. All except 
seven participants (n = 333, 97.9%) reported their willing-
ness to undergo a serological test from venous sampling. 
Notably, at the time of the interview, 84 (24.7%) already 
undergone a serological testing after the second dose 
(complete cycle) for the evaluation of the anti-spike IgG 
seroconversion.

Vaccine‑Related Adverse Events After the First Dose

279 (82.1%; mean age 47.6 ± 13.1  years; range 
20–79 years) experienced at least one adverse event after 
the first dose, more frequently in females (n = 181, 64.9%). 
64% (n = 179) reported a single adverse event, followed 
by two (n = 45, 16.2%), and three (n = 28, 10%) events. 
Vaccine recipients aged 40–49 years (n = 72, 25.8%) more 
often reported adverse events, particularly 153 (54.8%) 
people aged ≤ 49 years, and 196 (70.3%) of recipients 
aged ≤ 55 and > 55 years, respectively.

After the first dose, at least one adverse event was most 
frequently reported by nurses (n = 74, 26.5%), followed 
by medical doctors (n = 58, 20.8%), social health opera-
tors (n = 41, 14.7%), administrators (n = 32, 11.5%), and 
physiotherapists (n = 23, 8.2%).

Mild adverse events were reported by 275 (98.6%) indi-
viduals, followed by moderate (n = 40, 14.3%) and severe 
(n = 13, 4.7%). Pain, redness and swelling at the injection 
site (n = 265, 77.9%) were mostly reported among mild 
events, followed by fatigue, headache, and chills (Table 1). 
Moderate events mainly included myalgia/arthralgia 
(n = 31, 9.1%), followed by lymphadenopathy, diarrhoea 
and local urticaria while paraesthesia and generalized 
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urticaria were indicated among severe events (Table 1). 
Mild and moderate events generally occurred after 4–12 h 
from the first injection (Table 2a) and resolved after 12 and 
12–24 h from the occurrence (Table 2b). 

After the first dose, participants largely reported com-
mon events (n = 278, 81.8%), whilst common and uncom-
mon events accounted for 12.6% (n = 43) and 2.4% (n = 8), 
respectively.

26 (7.6%) participants reported additional temporarily 
coincidental adverse events and not previously described 
in the literature, including cognitive or brain fog (n = 4), 
face flushing and dizziness (each n = 2). Hot flashes, dys-
geusia, dysosmia, breathlessness, asthenia from exertion, 
ipsilateral upper limb bursitis, loss of vision or amauro-
sis fugax, intense pain in ipsilateral upper limb, erectile 
dysfunction, lack of appetite, irritability, general malaise, 
hypertensive peak, precordial pain, generalized itching, 
vasovagal syncope, dry eye, and arm swelling were also 
reported each by one recipient.

Adverse Events Reporting, Premedication, 
and Medication at the First Dose

37 (13.3%) out of 279 individuals reported adverse events 
to medical services, specifically to occupational physicians 
(n = 34, 91.9%), family doctors (n = 2, 5.4%), or emergency 
(n = 1, 2.7%).

27 (7.9%) participants received a medication prior to the 
first dose, with cortisone (n = 19, 70.4%), antihistamines 
(n = 7, 25.9%), or antihypertensives (n = 1, 3.7%). Further-
more, 60 (21.5%) participants reporting adverse events 
undergone a treatment for these reactions, most commonly 
using non-steroidal anti-inflammatory drugs (NSAIDs, 
n = 26, 43.3%) and paracetamol (n = 20, 33.3%).

Vaccine‑Related Adverse Events After the Second 
Dose

Adverse events after the second injection were reported 
by 281 (82.6%) individuals aged 47.8 ± 13.1 years (range 
20–74 years), and most frequently by females (n = 181, 
64.6%). A single adverse event was most commonly reported 
by 31.3% (n = 88) of the participants, followed by two 
(n = 50, 17.8%), and three (n = 41, 14.6%) events.

Vaccine recipients aged 40–49 years more often (n = 71, 
25.3%) reported adverse events. Particularly, incidents were 
referred by 150 (54.1%) people aged ≤ 49 years, and 70.1% 
(n = 197) of those aged ≤ 55 years. Participants reporting 
adverse events after the second dose were most frequently 
nurses (n = 73, 25.9%), followed by medical doctors (n = 64, 
22.8%), social health operators (n = 42, 14.9%), and admin-
istrators (n = 31, 11.0%).

At the time of the interview, 42.0% (n = 143) of partici-
pants who received the second dose were under treatment for 
an acute or chronic disease, with antihypertensive (n = 23, 
16.1%) and thyroid medications (n = 22, 15.4%) as the most 
prevalent treatments.

Adverse events after the second dose (n = 281) were most 
commonly mild, being reported by 273 (97.2%), followed by 
moderate (n = 126, 44.8%) and severe (n = 16, 5.7%). Pain, 
redness and swelling at the injection site were the most com-
mon mild reactions (n = 222, 65.3%), followed by fatigue and 
headache (Table 1). Among moderate adverse events, 115 
(33.8%) subjects reported myalgia/arthralgia and 23 (6.8%) 
lymphadenopathy, while paraesthesia and fever > 39 °C were 
reported among the severe events (Table 1).

Following the second injection, mild and moderate events 
most frequently occurred after 4–12 and 12–24 h (Table 3a). 
72% of adverse events lasted after 12–24 h, and only lym-
phadenopathy and abdominal pain resolved after 48–72 h 
and above 72 h, respectively (Table 3b).

Table 1   Vaccine-related adverse events following the first and the 
second dose of Comirnaty vaccine

*Chi-square test; significant results (p < 0.05) are indicated in bold

Vaccine-related adverse events I dose
N (%)

II dose
N (%)

P-value*

Mild 275 (80.9) 273 (80.3) 0.845
 Pain, redness and swelling at 

the injection site
265 (77.9) 223 (65.6)  < 0.001

 Fatigue 66 (19.4) 135 (39.7)  < 0.001
 Headache 52 (15.3) 98 (28.8)  < 0.001
 Fever ≤ 38 °C 5 (1.5) 46 (13.5)  < 0.001
 Chills 20 (5.9) 90 (26.5)  < 0.001
 Abdominal pain 3 (0.9) 26 (7.6)  < 0.001
 Nausea 7 (2.1) 33 (9.7)  < 0.001
 Insomnia 5 (1.5) 8 (2.4) 0.401
 Sleep disorders 8 (2.4) 20 (5.9) 0.020

Moderate 40 (11.8) 126 (37.1)  < 0.001
 Fever > 38 °C and < 39 °C 0 (0) 23 (6.7)  < 0.001
 Lymphadenopathy 8 (2.4) 23 (6.7)  < 0.001
 Myalgia/Arthralgia 31 (9.1) 115 (33.8)  < 0.001
 Local urticaria 2 (0.6) 2 (0.6) Not com-

putable
 Vomit 0 (0) 3 (0.8) 0.082
 Diarrhoea 7 (2.1) 21 (6.2) 0.007

Severe 13 (3.8) 16 (4.7) 0.569
 Dyspnoea 0 (0) 1 (0.3) 0.317
 Paraesthesia 11 (3.2) 11 (3.2) Not com-

putable
 Generalized urticaria 3 (0.9) 0 (0) 0.082
 Fever ≥ 39 °C 0 (0) 4 (1.2) 0.045
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Differences in the occurrence of adverse events after 
the first and second dose were observed (Table 1), par-
ticularly occurrence of fever > 38 °C and < 39 °C, lym-
phadenopathy, myalgia/arthralgia, and diarrhoea signifi-
cantly increased after the second dose. Among the serious 
events, fever > 39 °C was more frequently reported after 

the second injection as compared to the first. Furthermore, 
while mild events increased in their occurrences after the 
second dose, the reporting of pain, redness and swelling at 
the injection site decreased at the second dose (Table 1). 
Of note, fever > 38 °C and < 39 °C, vomit, dyspnoea, and 

Table 2   Onset (a) and resolution (b) of adverse events following the first vaccine injection

The higher frequencies among the listed options are reported in bold

(a) Onset  ≤ 1 h
N (%)

1-4 h
N (%)

4-12 h
N (%)

12-24 h
N (%)

24-48 h
N (%)

 > 48 h
N (%)

Missing data
N (%)

Mild
 Pain, redness and swelling at the 

injection site (n = 265)
30 (11.3) 68 (25.7) 109 (41.1) 50 (18.9) 7 (2.6) 1 (0.4)

 Fatigue (n = 66) 3 (4.5) 12 (18.2) 20 (30.3) 17 (25.8) 7 (10.6) 3 (4.5) 4 (6.1)
 Headache (n = 52) 10 (19.2) 10 (19.2) 13 (25.0) 12 (23.1) 5 (9.7) 1 (1.9) 1 (1.9)
 Fever ≤ 38 °C (n = 5) 2 (40.0) 3 (60.0)
 Chills (n = 20) 1 (5.0) 3 (15.0) 4 (20.0) 11 (55.0) 1 (5.0)
 Abdominal pain (n = 3) 1 (33.3) 1 (33.3) 1 (33.3)
 Nausea (n = 7) 1 (14.3) 3 (42.8) 2 (28.6) 1 (14.3)
 Insomnia (n = 5) 3 (60.0) 2 (40.0)
 Sleep disorders (n = 8) 6 (75.0) 1 (12.5) 1 (12.5)

Moderate
 Lymphadenopathy (n = 8) 1 (12.5) 2 (25.0) 1 (12.5) 1 (12.5) 2 (25.0) 1 (12.5)
 Myalgia/Arthralgia (n = 31) 2 (6.4) 1 (3.2) 7 (22.6) 11 (35.6) 3 (9.7) 6 (19.3) 1 (3.2)
 Local urticaria (n = 2) 2 (100)
 Diarrhoea (n = 7) 1 (14.3) 1 (14.3) 1 (14.3) 1 (14.3) 3 (42.8)

Severe
 Paraesthesia (n = 11) 8 (72.7) 1 (9.1) 2 (18.2)
 Generalized urticaria (n = 3) 3 (100)

(b) Resolution  < 12 h
N (%)

12-24 h
N (%)

24-48 h
N (%)

48-72 h
N (%)

 > 72 h
N (%)

Missing data
N (%)

Mild
 Pain, redness and swelling at the 

injection site (n = 265)
44 (16.6) 85 (32.1) 82 (30.9) 38 (14.3) 15 (5.7) 1 (0.4)

 Fatigue (n = 66) 7 (10.6) 25 (37.9) 14 (21.2) 7 (10.6) 9 (13.6) 4 (6.1)
 Headache (n = 52) 19 (36.5) 14 (26.9) 8 (15.4) 5 (9.6) 6 (11.6)
 Fever ≤ 38 °C (n = 5) 2 (40.0) 2 (40.0) 1 (20.0)
 Chills (n = 20) 8 (40.0) 3 (15.0) 4 (20.0) 3 (15.0) 2 (10.0)
 Abdominal pain (n = 3) 1 (33.3) 2 (66.7)
 Nausea (n = 7) 2 (28.6) 1 (14.2) 2 (28.6) 2 (28.6)
 Insomnia (n = 5) 4 (80.0) 1 (20.0)
 Sleep disorders (n = 8) 6 (75.0) 1 (12.5) 1 (12.5)

Moderate
 Lymphadenopathy (n = 8) 1 (12.5) 1 (12.5) 2 (25.0) 3 (37.5) 1 (12.5)
 Myalgia/Arthralgia (n = 31) 2 (6.4) 10 (32.2) 7 (22.6) 4 (12.9) 7 (22.6) 1 (3.3)
 Local urticaria (n = 2) 2 (100)
 Diarrhoea (n = 7) 1 (14.2) 2 (28.6) 2 (28.6) 2 (28.6)

Severe
 Paraesthesia (n = 11) 8 (72.7) 1 (9.1) 1 (9.1) 1 (9.1)
 Generalized urticaria (n = 3) 1 (33.3) 1 (33.3) 1 (33.4)
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Table 3   Onset (a) and resolution (b) of adverse events following the second vaccine injection

The higher frequencies among the listed options are reported in bold

(a) Onset  ≤ 1 h
N (%)

1-4 h
N (%)

4-12 h
N (%)

12-24 h
N (%)

24-48 h
N (%)

 > 48 h
N (%)

Missing data
N (%)

Mild
 Pain, redness and swelling at the 

injection site (n = 223)
37 (16.6) 63 (28.2) 87 (39.1) 31 (13.9) 4 (1.8) 1 (0.4)

 Fatigue (n = 135) 4 (2.9) 19 (14.1) 42 (31.1) 49 (36.3) 15 (11.1) 6 (4.5)
 Headache (n = 98) 3 (3.1) 16 (16.3) 34 (34.7) 31 (31.6) 9 (9.2) 5 (5.1)
 Fever ≥ 38 °C (n = 46) 2 (4.3) 19 (41.3) 18 (39.1) 5 (10.9) 1 (2.2) 1 (2.2)
 Chills (n = 90) 3 (3.3) 9 (10.0) 37 (41.1) 33 (36.7) 6 (6.7) 2 (2.2)
 Abdominal pain (n = 26) 2 (7.7) 3 (11.5) 2 (7.7) 10 (38.5) 5 (19.2) 2 (7.7) 2 (7.7)
 Nausea (n = 33) 1 (3.0) 3 (9.1) 8 (24.2) 13 (39.4) 4 (12.1) 2 (6.1) 2 (6.1)
 Insomnia (n = 8) 1 (12.5) 7 (87.5)
 Sleep disorders (n = 20) 2 (10.0) 10 (50.0) 6 (30.0) 2 (10.0)

Moderate
 Fever > 38 °C and < 39 °C (n = 23) 1 (4.3) 10 (43.5) 10 (43.5) 2 (8.7)
 Lymphadenopathy (n = 23) 1 (4.3) 1 (4.3) 12 (52.2) 4 (17.4) 3 (13.1) 2 (8.7)
 Myalgia/Arthralgia (n = 115) 10 (8.7) 38 (33.0) 50 (43.5) 15 (13.0) 1 (0.9) 1 (0.9)
 Local urticaria (n = 2) 1 (50.0) 1 (50.0)
 Vomit (n = 3) 3 (100)
 Diarrhoea (n = 21) 2 (9.5) 1 (4.8) 10 (47.7) 4 (19.0) 4 (19.0)

Severe
 Dyspnoea (n = 1) 1 (100)
 Paraesthesia (n = 11) 3 (27.3) 1 (9.1) 3 (27.3) 2 (18.1) 1 (9.1) 1 (9.1)
 Fever ≥ 39 °C (n = 4) 2 (50.0) 2 (50.0)

b) Resolution  < 12 h
N (%)

12-24 h
N (%)

24-48 h
N (%)

48-72 h
N (%)

 > 72 h
N (%)

Missing data
N (%)

Mild
 Pain, redness and swelling at the injec-

tion site (n = 223)
42 (18.8) 68 (30.5) 57 (25.6) 31 (13.9) 24 (10.8) 1 (0.4)

 Fatigue (n = 135) 13 (9.6) 42 (31.1) 26 (19.3) 20 (14.8) 33 (24.5) 1 (0.7)
 Headache (n = 98) 18 (18.4) 29 (29.6) 18 (18.4) 13 (13.2) 21 (21.4)
 Fever ≥ 38 °C (n = 46) 12 (26.1) 15 (32.6) 11 (23.9) 3 (6.5) 4 (8.7) 1 (2.2)
 Chills (n = 90) 22 (24.4) 27 (30.0) 20 (22.3) 10 (11.1) 8 (8.9) 3 (3.3)
 Abdominal pain (n = 26) 4 (15.4) 4 (15.4) 7 (26.9) 2 (7.7) 7 (26.9) 2 (7.7)
 Nausea (n = 33) 7 (21.3) 11 (33.3) 8 (24.2) 3 (9.1) 3 (9.1) 1 (3.0)
 Insomnia (n = 8) 3 (37.5) 4 (50.0) 1 (12.5)
 Sleep disorders (n = 20) 10 (50.0) 3 (15.0) 1 (5.0) 5 (25.0) 1 (5.0)

Moderate
 Fever > 38 °C and < 39 °C (n = 23) 2 (8.7) 8 (34.8) 7 (30.4) 5 (21.7) 1 (4.4)
 Lymphadenopathy (n = 23) 5 (21.7) 4 (17.4) 7 (30.4) 6 (26.1) 1 (4.4)
 Myalgia/Arthralgia (n = 115) 17 (14.8) 29 (25.2) 28 (24.3) 15 (13.0) 25 (21.7) 1 (0.8)
 Local urticaria (n = 2) 1 (50.0) 1 (50.0)
 Vomit (n = 3) 2 (66.7) 1 (33.3)
 Diarrhoea (n = 21) 6 (28.6) 8 (38.0) 3 (14.3) 3 (14.3) 1 (4.8)

Severe
 Dyspnoea (n = 1) 1 (100)
 Paraesthesia (n = 11) 3 (27.3) 3 (27.3) 2 (18.2) 1 (9.0) 2 (18.2)
 Fever ≥ 39 °C (n = 4) 1 (25.0) 2 (50.0) 1 (25.0)
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fever > 39 °C were adverse events reported only after the 
second dose.

Overall, 247 (72.6%) participants reported at least one 
adverse event either after the first, or after the second dose 
of Comirnaty vaccine. 32 (9.4%) subjects reported at least 
one adverse event only after the first dose, while 33 (9.7%) 
had adverse events only after the second dose.

Following the second injection, adverse events clas-
sified as very common were mostly reported by 80.6% 
(n = 274) of participants, while common and uncommon 
events by 22.1% (n = 75) and 2.4% (n = 8), respectively. 
There was a significant difference for common events 
reported after the first and second dose (12.6% vs 22.1%, 
p = 0.0012 Chi-square test). 53 (15.6%) participants stated 
additional temporarily coincidental adverse events, not 
previously described in the literature. The events included 
cognitive fog (n = 9), hot flashes, sweating and breathless-
ness/shortness of breath at rest or exercise-induced (n = 4), 
widespread itching (n = 3), dysgeusia and vertigo (n = 2), 

and sexual/erectile dysfunction, lack of appetite, polydip-
sia, excessive sweating, hypotension, irritability, malaise, 
hypertensive peak, transient vision loss/amaurosis fugax, 
coldness in the lower limbs, haemorrhagic cystitis, severe 
ovarian pain, tendinitis, ipsilateral axillary pain, pharyn-
godynia, hyperphagia, chest tightness, rhinitis, sialorrhea, 
lower limb rash, and anxiety (each n = 1).

Adverse Events Reporting, Premedication, 
and Medication at the Second Dose

Only 50 (17.8%) individuals who had adverse events after 
the second dose reported these events to the medical authori-
ties, mainly to occupational physicians (n = 40, 80.0%), fol-
lowed by family doctors (n = 7, 14.0%), or emergency, Ital-
ian Medicine Agency network, and local health authority 
(each n = 1, 2.0%).

Medication before the second vaccine dose was reported 
by 46 (13.5%) participants, using antihistamines (n = 10, 

Table 4   Correlates of at least 
one adverse event after the first 
and second dose of Comirnaty 
vaccine

*Chi-square test; §Fisher’s Exact test; significant results (p < 0.05) are indicated in bold

I dose II dose

Yes
N (%)

No
N (%)

p-value Yes
N (%)

No
N (%)

p-value

Sex
 Female 182 (87.1) 27 (12.9) 0.002* 181 (86.6) 28 (13.4) 0.015*
 Male 97 (74.0) 34 (26.0) 100 (76.3) 31 (23.7)

Median age
 ≤ 49 years 153 (89.5) 18 (10.5)  < 0.001* 150 (87.7) 21 (12.3) 0.013*
 > 49 years 126 (74.6) 43 (25.4) 131 (77.5) 38 (22.5)

Reference age class
 ≤ 55 years 196 (87.9) 27 (12.1)  < 0.001* 197 (88.3) 26 (11.7)  < 0.001*
 > 55 years 83 (70.9) 34 (31.1) 84 (71.8) 33 (28.2)

Professional activity
 HCWs 218 (82.9) 45 (17.1) 0.461* 223 (84.8) 40 (15.2) 0.054*
 Non-HCWs 61 (79.2) 16 (20.8) 58 (75.3) 19 (24.7)

History of SARS-CoV-2 infection
 Yes 18 (100) 0 (0) 0.052§ 16 (88.9) 2 (11.1) 0.749§

 No 261 (81.1) 61 (18.9) 265 (82.3) 57 (17.7)
Other vaccinations in the past 6 months
 Yes 68 (76.4) 21 (23.6) 0.106* 66 (74.1) 23 (25.9) 0.014*
 No 211 (84.1) 40 (15.9) 215 (85.7) 36 (14.3)

Any premedication before COVID-19 vaccine
 Yes 23 (85.2) 4 (14.8) 0.798§ 39 (84.8) 7 (15.2) 0.681§

 No 256 (81.8) 57 (18.2) 242 (82.3) 52 (17.7)
Coexisting acute or chronic disease
 Yes 121 (82.3) 26 (17.7) 0.915* 118 (80.3) 29 (19.7) 0.313*
 No 158 (81.9) 35 (18.1) 163 (84.5) 30 (15.5)

Medical treatment for acute or chronic disease
 Yes 117 (81.8) 26 (18.2) 0.842* 115 (80.4) 28 (19.6) 0.302*
 No 162 (82.7) 34 (17.3) 166 (84.7) 30 (15.3)
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Table 5   Factors significantly associated with adverse events classified according to (a) severity and (b) occurrence as reported in the literature 
following the first and second dose of vaccine

(a) I dose II dose

Yes
N (%)

No
N (%)

p-value Yes
N (%)

No
N (%)

p-value

Mild events
 Sex
  Female 179 (85.6) 30 (14.4) 0.005* 175 (83.7) 34 (16.3) 0.044*
  Male 96 (73.3) 35 (26.7) 98 (74.8) 33 (25.2)

 Reference age class
  ≤ 55 years 193 (86.5) 30 (13.5)  < 0.001* 193 (86.5) 30 (13.5)  < 0.001*
  > 55 years 82 (70.1) 35 (29.9) 80 (68.4) 37 (31.6)

 Median age
  ≤ 49 years 150 (87.7) 21 (12.3) 0.001* 146 (85.4) 25 (14.6) 0.018*
  > 49 years 125 (74.0) 44 (26.0) 127 (75.1) 42 (24.9)

 History of SARS-CoV-2 infection
  Yes 18 (100) 0 (0) 0.030§ 16 (88.9) 2 (11.1) 0.543§

  No 257 (79.8) 65 (20.2) 257 (79.8) 65 (20.2)
 Vaccinations in the past 6 months
  Yes 67 (75.3) 22 (24.7) 0.118* 65 (73.0) 24 (21.0) 0.045*
  No 208 (82.9) 43 (17.1) 208 (82.9) 43 (17.1)

Moderate events
 Sex
  Female 30 (14.3) 179 (85.7) 0.061* 97 (46.4) 112 (53.6)  < 0.001*
  Male 10 (7.6) 121 (92.4) 29 (22.1) 102 (77.9)

 History of SARS-CoV-2 infection
  Yes 9 (50.0) 9 (50.0)  < 0.001§ 10 (55.6) 8 (44.4) 0.095*
  No 31 (9.6) 291 (90.4) 116 (36.0) 206 (64.0)

 Vaccinations in the past 6 months
  Yes 8 (9.0) 81 (91.0) 0.344* 25 (28.1) 64 (71.9) 0.041*
  No 32 (12.7) 219 (87.3) 101 (40.2) 150 (59.8)

Severe events
 Sex
  Female 12 (5.7) 197 (94.3) 0.020* 15 (7.1) 194 (92.8) 0.007*
  Male 1 (0.8) 130 (99.2) 1 (0.8) 130 (99.2)

(b) I dose II dose
Yes
N (%)

No
N (%)

p-value Yes
N (%)

No
N (%)

p-value

Very common events
 Sex
  Female 181 (86.6) 28 (13.4) 0.004* 176 (84.2) 33 (15.8) 0.033*
  Male 97 (74.0) 34 (26.0) 98 (74.8) 33 (25.2)

 Age
  ≤ 49 years 152 (88.9) 19 (11.1) 0.001* 145 (84.8) 26 (15.2) 0.049*
  > 49 years 126 (74.6) 43 (25.4) 129 (76.3) 40 (23.7)

 Age
  ≤ 55 years 195 (87.4) 28 (12.6)  < 0.001* 192 (86.1) 31 (13.9)  < 0.001*
  > 55 years 83 (70.9) 34 (29.1) 82 (70.1) 35 (29.9)

 Vaccinations in the past 6 months
  Yes 68 (76.4) 21 (23.6) 0.127* 65 (73.0) 24 (27.0) 0.036*
  No 210 (83.7) 41 (16.3) 209 (83.3) 42 (16.7)
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21.7%), cortisone (n = 18, 39.1%), NSAIDs (n = 4, 8.7%), 
paracetamol (n = 3, 6.5%), antihistamines plus cortisone 
(n = 2, 4.3%), antihypertensive plus paracetamol and ran-
itidine (each n = 1, 2.2%). After the second dose adminis-
tration, 141 (50.2%) participants reporting adverse events 
(n = 281) undergone a treatment for symptoms, most com-
monly using paracetamol (n = 101, 71.6%), followed by 
NSAIDs (n = 21, 14.9%).

Factors Associated with Adverse Events Reported 
After the First and Second Dose

Significant differences between adverse events after the 
first dose and sex were found, as well as with age ≤ 55 
and ≤ 49 years (Table 4). According to the level of sever-
ity, mild events correlated with the same variables, with the 
addition of SARS-CoV-2 history (Table 5a). Occurrence of 
moderate and severe events correlated with previous SARS-
CoV-2 infection and sex, respectively (Table 5a).

Concerning the second dose, adverse events correlated 
with sex, age ≤ 49 and ≤ 55 years, and other vaccinations in 
the previous 6 months (Table 4), and mild events were also 

associated with these variables (Table 5a). Moderate events 
were related to sex and with another vaccination in the previ-
ous 6 months, while severe events only with sex (Table 5a).

The very common events after either the first or second 
dose were associated with sex and age ≤ 55 (Table 5b). These 
events were related to another vaccination in the previous 6 
months only for the second dose. Common events after both 
doses were associated with sex, and with history of SARS-
CoV-2 infection and development of any COVID-19 symp-
tom after the first injection, while to professional activity 
after the second dose (Table 5b). A significant association 
between occurrence of severe events after the first dose and 
sex, history of SARS-CoV-2 infection and development of 
any COVID-19 symptom was observed (Table 5b).

Factors Associated with Specific Adverse Events 
Reported by Participants After Each Dose

After the first dose,  pain, redness and swelling at the 
injection site (p = 0.003), headache (p = 0.002) and chills 
(p = 0.007) were all associated with sex. Pain, redness 
and swelling at the injection site were also related to 

Table 5   (continued)

(b) I dose II dose
Yes
N (%)

No
N (%)

p-value Yes
N (%)

No
N (%)

p-value

Common events
 Sex
  Female 35 (16.7) 174 (83.3) 0.004* 59 (28.2) 150 (71.8) 0.001*
  Male 8 (6.1) 123 (93.9) 16 (12.2) 115 (87.8)

 Professional activity
  HCWs 36 (13.7) 227 (86.3) 0.286* 65 (24.7) 67 (75.3) 0.029*
  Non-HCWs 7 (9.1) 70 (90.9) 10 (13.0) 198 (87.0)

 History of SARS-CoV-2 infection
  Yes 8 (44.5) 10 (55.5) 0.001§ 4 (28.6) 14 (71.4)  > 0.999§

  No 35 (10.9) 287 (89.1) 71 (22.0) 251 (77.8)
 Any COVID-19 symptoms
  Yes 8 (53.4) 7 (46.6)  < 0.001§ 4 (26.7) 11 (73.3) 0.750§

  No 35 (10.8) 290 (89.2) 71 (21.8) 254 (78.2)
Uncommon events
 Sex
  Female 8 (3.8) 201 (96.2) 0.025§ 6 (2.9) 203 (97.1) 0.716§

  Male 0 (0) 131 (100) 2 (1.5) 129 (98.5)
 History of SARS-CoV-2 infection
  Yes 4 (22.2) 14 (77.8)  < 0.001§ 0 (0) 18 (100)  > 0.999§

  No 4 (1.2) 318 (98.8) 8 (2.5) 314 (97.5)
 Any COVID-19 symptoms
  Yes 4 (26.7) 11 (73.3)  < 0.001§ 0 (0) 15 (100)  > 0.999§

  No 4 (1.2) 321 (98.8) 8 (2.4) 317 (97.6)

*Chi-square test; §Fisher’s Exact test; significant results (p < 0.05) are indicated in bold
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age ≤ 49 years (p < 0.001). Previous COVID-19 symptoms 
were related to headache (p = 0.016), fatigue (p = 0.013), and 
chills (p = 0.001); the latter two events were significantly 
associated (p = 0.010 and p = 0.026) with vaccinations in 
the past 6 months and history of SARS-CoV-2 infection. 
Furthermore, fatigue was related with a medication prior 
COVID-19 vaccine (p = 0.008). Amongst the moderate 
events, myalgia/arthralgia correlated with past SARS-CoV-2 
infection and COVID-19 symptoms (p < 0.001 for both).

After the second dose, fatigue (p = 0.023), headache 
(p = 0.031), chills (p < 0.001), abdominal pain (p = 0.012), 
nausea (p = 0.004), fever > 38 °C and < 39 °C (p = 0.031), 
paraesthesia (p = 0.004), and lymphadenopathy and myalgia/
arthralgia (p < 0.001 for both) were significantly associated 
with sex. Age ≤ 49 years was related to pain, redness and 
swelling at the injection site (p = 0.007), fatigue (p = 0.044), 
fever < 38 °C (p = 0.028), and lymphadenopathy (p = 0.055). 
Correlations between age ≤ 55 years and pain, redness and 
swelling at the injection site (p < 0.001), fatigue (p = 0.027), 
fever < 38 °C (p = 0.018), chills (p = 0.010), and lymphad-
enopathy (p = 0.025) were found. Headache (p = 0.042), 
chills (p = 0.028), and myalgia/arthralgia (p = 0.045) were 
associated with past SARS-CoV-2 infection. Interestingly, 
pain, redness and swelling at the injection site were asso-
ciated with a coexisting acute/chronic disease (p = 0.016), 
while diarrhoea with any treatment for underlying disease 
(p = 0.019).

Risk Factors for Specific Adverse Events After Both 
Injections

Female sex (OR = 1.959, 95% CI 1.092–3.516, p = 0.024) 
and age ≤ 55  years (OR = 2.942, 95% CI 1.637–5.287, 
p < 0.001) significantly increased the likelihood of expe-
riencing at least one adverse event after the first vaccine 
dose. These factors were also associated with mild events 
(OR = 1.856, 95% CI 1.042–3.306, p = 0.036; OR = 3.082, 
95% CI 1.725–5.506, p < 0.001, respectively). Female sex 
increased the risk of chills (OR = 3.238, 95% CI 1.33–6.839, 
p = 0.002), and of pain, redness and swelling at the injec-
tion site (OR = 1.987, 95% CI 1.170–3.377, p = 0.011). 
For the latter events, age ≤ 49 years was also a risk factor 
(OR = 2.461, 95% CI 1.421–4.261, p = 0.001). Conversely, 
having received another vaccination in the past 6 months 
was a protective factor for fatigue (OR = 0.376, 95% CI 
0.173–0.816, p = 0.013).

After the second dose, age ≤ 55 years increased the likeli-
hood of at least one and mild adverse events (OR = 2.818, 
95% CI 1.587–5.006, p < 0.001). In detail, this age group 
was a risk factor for pain, redness and swelling at the injec-
tion site (OR = 2.733, 95% CI 1.710–4.367, p < 0.001), 
fever < 38 °C (OR = 3.047, 95% CI 1.253–7.310, p = 0.014), 
and chills (OR = 2.142, 95% CI 1.085–4.227, p = 0.028). 

Female sex increased the risk of the occurrence of mod-
erate events (OR = 2.472, 95% CI 1.456–4.197, p = 0.001), 
and particularly was associated with myalgia/arthralgia 
(OR = 2.270, 95% CI 1.308–3.938, p = 0.004). Moreo-
ver, age ≤ 49 years increased the risk of lymphadenopathy 
(OR = 3.197, 95% CI 1.127–9.070, p = 0.029).

Risk factors for very common events after the first 
dose were female sex (OR = 1.881, 95% CI 1.053–3.359, 
p = 0.033) and age ≤ 55  years (OR = 2.883, 95% CI 
1.584–5.067, p < 0.001), with the latter factor also correlat-
ing with these events after the second dose (OR = 2.474, 
95% CI 1.389–4.406, p = 0.002). The common reactions 
after the first and second injection were further associ-
ated with female sex (OR = 3.452, 95% CI 1.395–8.540, 
p = 0.002; and OR = 2.145, 95% CI 1.138–4.403, p = 0.018, 
respectively).

Discussion

Various challenges could hamper the objective of immu-
nization of a critical mass of global population, including 
virus strains escaping the vaccine, limited supply and, above 
all, the hesitation to be vaccinated because of the likelihood 
of adverse reactions, partly because none of the COVID-
19 available vaccines was approved for commercial use 
in humans before the pandemic. In the placebo-controlled 
pivotal efficacy trial of Comirnaty vaccine [19], the safety 
profile monitored over 2 months was similar to other vac-
cines previously approved, generating short-term and mild-
to-moderate reactions.

Since the beginning of vaccination campaign in Italy, 
seven reports of pharmacovigilance on COVID-19 vaccines 
were published [22], while at time of writing, few observa-
tional studies were conducted to identify occurrence and 
type of adverse events induced by the first and second dose 
of Comirnaty through an active surveillance that provides 
the most accurate, complete, and timely information on pri-
ority health concerns in a population.

The present study involved employees of private clinics 
in central Italy to identify number, type, severity, and fre-
quency of adverse events following the immunization with 
Comirnaty vaccine. As the targeted participants were largely 
represented by HCWs, the study was also conceived to char-
acterize the reporting of adverse events in a more detailed 
way due to the high cultural background of this population 
group. Through active surveillance, nearly 80% of individu-
als reported at least one adverse event either after the first 
or the second dose, in line with previous national reports 
for the mRNA-based vaccines underlining no substantial 
differences of rates between both doses [22]. Nevertheless, 
some reactions were more frequent after the second dose 
as observed elsewhere [23]. The latest publication from 
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the National Medicines Agency indicated that 68% out of 
84,322 adverse reports were referred to Comirnaty, which 
was the most used vaccine in Italy, with an estimated report-
ing rate of 137 and 104 every 100,000 administered doses 
following the first and second dose, respectively [22].

In this survey, participants largely reported very com-
mon events as indicated in the literature, especially regard-
ing the first dose, while uncommon events were margin-
ally observed and similarly distributed between both doses. 
Notably, the common events cited in the literature and in the 
summary of product characteristic significantly increased 
after the second dose. The very common events were related 
to age ≤ 55 years and female sex after the first dose; in addi-
tion, having received another vaccination in the past 6 
months was associated with reactions induced by the second 
dose. The common events reported after the first injection, 
besides female sex, previous history of SARS-CoV-2 infec-
tion, and any COVID-19 symptoms, significantly correlated 
with being HCWs. This relationship could be associated 
with the specific group characteristics, including people who 
are more skilled in health-related concerns, and might also 
behave differently than the general population.

In this study, vaccine recipients reporting adverse events 
were largely females with a two-threefold increase in 
the likelihood to report a reaction as compared to males. 
These findings were consistent with the latest data of the 
national pharmacovigilance indicating 72.6% of the reports 
of adverse events following Comirnaty vaccination among 
women compared to 27.4% in men [22]. The potential sex 
disparity in vaccine adverse events is not a new occurrence, 
according to findings related to other vaccines [24, 25], due 
to a relative suppression of the cellular immune response of 
males compared to females [26]. These differences may be 
explained with important biological associations between 
sex and immune responses [27], and effects on disease sus-
ceptibility, transmission, and vaccination outcomes [28]. The 
major sex hormones seem to exhibit opposing effects on the 
adaptive and innate immune system, with elevated estradiol 
increasing and testosterone decreasing the vaccine-induced 
antibody responses [29, 30]. Moreover, autoimmune disor-
ders are more common reported in women than men [31], 
together with behavioral attitudes to report adverse events 
[27]. Females could be also more susceptible to adverse 
effects due to higher body fat content affecting both volume 
of distribution and drug clearance [32].

Adverse events were reported amongst 70% of young 
adults aged ≤ 55 years, with a threefold increase as com-
pared to an older population, in agreement with the latest 
data of national pharmacovigilance reporting that 77% of 
adverse reactions were among persons aged 59 years or 
younger compared to 23% in those above 60 years [22], 
and elsewhere [20, 33]. Beside a more robust immune sys-
tem in young individuals [34], there are evidence that old 

population exhibits a lower ability to establish an effective 
response to vaccination [35], as demonstrated by a lower 
frequency of neutralizing antibodies following Comirnaty 
vaccination compared to younger groups [36].

History of SARS-CoV-2 infection correlated with mild 
and moderate adverse event after the first dose: all 18 indi-
viduals with a past diagnosis with COVID-19 reported mild 
reactions, and 9 had a moderate event. Nevertheless, this 
condition was not included in the final multivariate model 
and should be further investigated comparing convalescent 
COVID-19 cases and controls. In a study [37], a significant 
increase of adverse events after vaccination was observed 
amongst individuals who had previously been infected com-
pared with those who had not, and the number of previously 
infected subjects who experienced side-effects after the 
second dose was lower compared with those who were not 
previously infected. Similar conclusions were observed else-
where [38] because infected subjects had higher risk of mod-
erate systemic symptoms after the first dose as compared to 
individuals naive to the virus and showed a lower risk after 
the second dose. In another observational study [39], prior 
COVID-19, but not long-COVID, was associated with an 
increased risk of self-reported reactions, including lymphad-
enopathy post-vaccination. Additionally, in another prospec-
tive study in the UK [20], local post-Comirnaty immuniza-
tion effects were higher in previously infected individuals 
than in those without past infection. This correlation could 
be possibly associated with an increased immunogenicity in 
individuals with past infection who have developed antibod-
ies with respect to people without past infection [40, 41], as 
well as with a greater anxiety of side effects, reporting even 
minimal symptoms.

The study results showed that having received other vac-
cination in the past 6 months was significantly related to 
known adverse event following the second dose, but not 
after the first, particularly mild and moderate reactions. 
No previous study supported this relationship that should 
be further investigated since a significant association was 
not confirmed in the multivariate regression analysis. It has 
been demonstrated that immunization with some vaccines 
perturbs the immune system leading to general changes in 
immune responsiveness [42], and epigenetic modifications 
may occur in innate immune cells because of vaccination 
[43].

Concomitant acute/chronic diseases were not associated 
with adverse events after Comirnaty vaccination, while a 
significant correlation was only found with pain, redness, 
and swelling at the injection site after the second dose. Since 
people with underlying diseases were described as at higher 
risk of serious outcomes in case of SARS-CoV-2 contagion 
[44, 45], they had priority for receiving COVID-19 vaccine 
in Italy [46]. Amongst comorbidities, the study participants 
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mostly (37%) were suffering from hypertension, identified 
as one of the leading diseases in COVID-19 deaths [47].

With respect to the time of onset, the study findings 
were also in line with national data, reporting that about 
80% of individuals experienced an adverse vaccine event 
on the same or in the next day of vaccination, and symp-
toms typically resolved within 48 h [22], confirming that 
vaccine-related reactions were not serious. However, as 
local and systemic transient reactions could occur, this may 
influence patients’ perception of the vaccination, underlining 
that setting expectations may alleviate some of the potential 
anxiety-related reactions elicited by post-vaccination reac-
tions [48].

In this survey, most reactions (> 80%) were classified as 
mild events following both doses with Comirnaty, in line 
with the latest national report, with 87% of non-severe reac-
tions, especially among older adults [22]. The national data 
indicated a rate of 12.8% of serious adverse events, irrespec-
tively of type of vaccine administered, and particularly 13 
cases after Comirnaty vaccine. In the present study, only 13 
and 16 cases of serious adverse events following the first and 
second dose were identified, respectively, which included 
paresthesia, generalized urticaria, and fever ≥ 39 °C.

Vaccine recipients reported additional temporarily 
correlated adverse events not previously described in the 
literature, either after the first or second dose. Cognitive 
fog, also termed as “vax fog” and referred to brain fog 
following COVID-19 vaccine, was the most reported reac-
tion. There are no official data yet available on this side 
effect after Comirnaty vaccine [21], but it may be related 
to headache-type pain, a more common and previously 
described side reaction. The study participants further 
reported face flushing and dizziness. The latter condition 
could be considered a vague term, encompassing vertigo, 
disequilibrium, presyncope and light-headedness, which 
was recently listed among the anxiety-related reactions 
possibly occurring in the vaccination process itself [21]. 
According to the Centers for Diseases Control (CDC) [49], 
17% of people who reported side effects indicated that they 
felt dizzy following the injection, especially after getting 
the mRNA-based vaccines. Loss of vision (or amaurosis 
fugax) was further reported among adverse events still not 
described in the summary of Comirnaty characteristics 
[21]. No reports on widespread vision-related side effects 
in association with any COVID-19 vaccines were avail-
able, while other vaccines have been linked with rare eye-
related side effects [50]. At least one isolated incident of 
an eye-related side effect has been reported after Comir-
naty vaccine in a HCW in the United States who experi-
enced eye puffiness after getting vaccine injection [51]. 
Of note, SARS-CoV-2 infection was reported to cause 
eye related side effects, as acute vision loss occurred as 
a secondary consequence to ischemic cerebral infarction 

among patients after being diagnosed with COVID-19 [52, 
53]. Other participants reported sexual or erectile dysfunc-
tion, for which no evidence after vaccination were found, 
while, on the contrary, SARS-CoV-2 infection could pose 
a risk for both disorders [54, 55], although there is limited 
research on how the virus could affect the male reproduc-
tive system [56, 57]. Hypertensive peak was also reported 
by the study participants, and alterations in blood pres-
sure were included amongst anxiety-related reactions [21]. 
There are no immunologic explanations for general vac-
cinations or mRNA vaccines to cause persistent elevation 
of blood pressure, but an increase in both diastolic and 
systolic blood pressure in patients receiving mRNA vac-
cines was described [58], although blood pressure was not 
routinely checked before and after the vaccination. There-
fore, hypertensive peak could be more likely associated 
with an increased stress response after administration than 
with vaccination [59].

In conclusion, findings from this survey were consistent 
with the current information that short-term adverse events 
could occur post-immunization with Comirnaty vaccine, 
and that are moderate in frequency, mild in severity, and 
short-lived. Adverse reactions were more frequently reported 
in younger individuals, women, and among those who had 
prior COVID-19 diagnosis, and generally lasted 1–2 days 
from the injection. These data could be used to inform peo-
ple on the likelihood of adverse effects based on their age, 
sex and first or second dose administration, providing further 
reassurance on what vaccine recipients might expect.

This study has some limitations. First, the use of self-
reported data could possibly introduce misclassification 
bias, although a good quality of information was gathered 
due to the level of knowledge and skills related to health 
issues among the target population, who can better identify 
post-vaccination reactions. Some participants, such as those 
who had previously been infected and developed COVID-19 
symptoms, might be more likely to report events than oth-
ers leading to an over-estimation although this constituted 
only 5% of the study sample. A precise association between 
adverse events and past infection could not be estimated due 
to the limited number of COVID-19 cases. The findings may 
not completely representative of the general population as 
included a high proportion of HCWs who could behave dif-
ferently towards health-related issues, and self-diagnosis. 
The study design did not allow any inference of causality, 
also considering that only short-term adverse effects were 
observed.

Despite this, the survey provides a rapid capture of infor-
mation during a specific timeframe on adverse events inves-
tigated timely closed to vaccination, reducing the likelihood 
of recall bias. The study remarks that investigating each 
event after a vaccination provides the opportunity to con-
solidate the confidence on the safety of COVID-19 approved 
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vaccines, as well as to identify any reactions which have not 
been previously reported.
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