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Abstract

Obijective: To analyze the local and systemic reactions that appea-
red after the first and second dose of the BNT162b2 vaccine against
COVID-19 [PfizerBioNTech) in a sample of workers from a tertiary hospi-
tal, and fo identify the factors related to greater vaccine reactogenicity.
Method: A self-administered questionnaire was used fo interview
291 workers from a tertiary hospital who received the BNT162b2 vaccine
against COVID-19 between January and March 2021. The questionnaire
included questions about the sociodemographic variables of the parfici-
pants, previous COVID-19 infection, and local and systemic reactions affer
the first and second dose of the vaccine.

Results: The most common adverse reaction was soreness at the injec-
tion site, which was reported more frequently after the first dose of the
vaccine. The sysfemic reactions evaluated were reported more frequently
after the second dose of the vaccine. VWWomen, younger adults, and sub-
jects with a prior COVID-19 infection reported increased reactogenicity.
Furthermore, high reactogenicity after the first dose was found to be rela-
ted to a higher number of adverse reactions after the second dose of the
vaccine.

Conclusions: The distribution of reactogenicity in the present study is
consistent with the data reported in previous studies on the BNT162b2
vaccine, especially in terms of its association with the participants’ cha-
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Resumen

Objetivo: Andlizar las reacciones locales y sistémicas aparecidas fras
la primera y segunda dosis de la vacuna BNT162b2 (Pfizer-BioNTech)
frente @ COVID-19 en una muestra de trabajadores de un hospital de
tercer nivel, e identificar los factores relacionados con una mayor reacto-
genicidad a la vacuna.

Método: Se empled un cuestionario autoadministrado para entrevistar a
291 trabajadores de un hospital de tercer nivel que recibieron la vacuna
BNT162b2 frente a COVID-19 entre enero y marzo de 2021. El cuestio-
nario incluyé preguntas acerca de las variables sociodemogrdficas de los
parficipantes, infeccién previa de COVID-19 y las reacciones locales y
sistémicas fras la primera y segunda dosis de la vacuna.

Resultados: La reaccion mas cominmente informada fue el dolor en
el lugar de la inyeccién, siendo més frecuente fras la primera dosis de la
vacuna. las reacciones sistémicas evaluadas se informaron con mayor fre-
cuencia fras la segunda dosis de la vacuna. Las mujeres, los adultos mas
jévenes y las personas con una infeccién previa por COVID-19 nofificaron
una mayor reactogenicidad. Ademds, una alfa reactogenicidad fras la
primera dosis estuvo relacionada con un mayor nimero de reacciones
adversas fras la segunda dosis de la vacuna.

Conclusiones: La distribucion de la reactogenicidad en el presente
estudio es consistente con los datos reportados en los estudios realizados
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racteristics. These findings could facilitate the identification of people at
a higher risk of developing high reactogenicity to the vaccine, thereby
making it possible fo anticipate the appearance of adverse reactions and
plan for their treatment.

Introduction

COVID-19 is a disease caused by infection with the new SARS-CoV-2
coronavirus, which has led to an unprecedented world pandemic with
significant implications for public health, society and the economy'2. Glo-
bal efforts fo fight the pandemic have consisted in conducting extensive
research and developing a vaccine able to prevent the infection. Even
since the genetic sequence of SARS-CoV-2 was published on 11 January
2020, over 300 vaccine candidates have been analyzed in clinical or
preclinical frials, with vaccines BNT162b2 (Comirnaty®, Pfizer/BioNTech),
mRNA-1273 (COVID-19 Vaccine Moderna®), ChAdOx1-S (COVID-19 Vac-
cine AstraZeneca® and COVID-19 Vaccine Janssen having been granted
conditional marketing authorization by the European Medicines Agency
[EMAJ.

Up to October 2021, the percentage of people vaccinated with at least
one dose rose to 48.7%. However, low vaccination rafes in low-income
countries® and the existence of a significant minority of people who have
doubts regarding vaccines against COVID-19° constitute a significant hurdle
to effectively controlling the spread of the virus. Recent studies on the accep-
tance of these vaccines show that fear of side effects is the main reason
for choosing not to get the COVID-19 jab®'. A systematic review if the
strafegies deployed fo tackle people’s doubts about vaccines revealed that
providing the population with truthful information on potential side effects is
vital fo improve acceptance!?.

Vaccine safety analyses look into whether statistically significantly higher
rates of a given adverse event (e.g. fever) are observed in the vaccinated
group than in the control group. They also look info factors such as biologi-
cal plausibility as well as the length of time elapsed between vaccination
and the onset of an adverse event. According to the data from initial clinical
trials, the most commonly reporfed adverse reactions by participants vacci-
nated against COVID-19 include local reactions (e.g. injection site soreness)
and systemic reactions (e.g. headache, muscle pain)’*'®. Such reactions
tend to be transient and of a mildto-moderate nature”, with severe or life-
threafening adverse reactions being very rare®®.

The data available to date on the side effects of vaccines against
COVID-19 have been published in studies funded by pharmaceutical com-
panies that manufacture them and monitored by third parties. The promotion
of independent studies analyzing vaccine safety could favor acceptance by
the population, allowing a more effective control of the spread of the virus.
Likewise, although pharmacovigilance systems make it possible to charac-
terize the safety profile of vaccines by providing information on adverse
reactions, spontaneous reports of such adverse reactions do not provide
any insights info the prevalence of those reactions given that the reports
are normally made by individual patients who only tend 1o report signifi-
cant reactions. On the other hand, systematic monitoring of the local and
sysfemic reactions resulting from the vaccines could be useful to healthcare
providers and to the general populafion alike.

The present sfudy is aimed at examining the reactogenicity of the first
and second dose of an mRNA vaccine against COVID-19. Specifically, an
analysis was made of the reacfogenicity of the BNT162b2 vaccine (Pfizer
BioNTech) in a group of workers from a thirdlevel hospital of Huelva pro-
vince. Given that it has been shown that adverse reactions are not evenly
distributed among the population, consideration was also given fo the fac-
tors related fo the higher reactogenicity of the vaccine in some cases.

Methods

This was a single-center observational post-authorization safety study. A
convenience sample of 305 healthcare and non-healthcare workers from a
third-level hospital in Huelva province was obtained fo gather information
on the local and systemic reactions of mRNA vaccine BNT162b2 against a
COVID-19 [PfizerBioNTech). All patients had received their first dose of the
vaccine between January and March 2021, with the second dose being

con la vacuna BNT162b2, especialmente en términos de asociacién con
las caracteristicas de los participantes. Estos hallazgos pueden facilitar
la identificacién de personas con mayor probabilidad de presentar una
alta reactogenicidad a la vacuna, permitiéndonos anticipar su aparicién
y tratamiento.

administered to them 21 days later. All participants were aged between
18 and 65 years. Information was compiled through a questionnaire where
participants had to sfate the local and sysfemic reactions experienced, if
any, within seven days from receiving each jab of the vaccine.

Before administration of each dose, all participants were informed about
the characteristics of the study, particularly about the anonymous and volun-
fary nature of their participation. Written informed consent was obtained
from all subjects before their inclusion.

The protocol for this research study was approved by the Biomedical
Research Ethics Committee of Andalusia.

Variables

Subject characteristics: The subjects’ sex and age were duly recorded.

Previous infection with COVID-19: Participants were asked fo siate
whether they had received a confirmed diagnosis of COVID-19 prior to
vaccination.

Adverse event questionnaire: Based on the safety information on the
NT162b2 vaccine’s SmPCs'®, a questionnaire was prepared that included
a local reaction (injection site soreness) and seven systemic reactions (hea-
dache, fever, insomnia, arthralgia or myalgia, nausea, fatigue and general
malaise). Moreover, given that the EMA's pharmacovigilance system has
identified other les frequent adverse reactions, participants were allowed to
state whether they had experienced other reactions.

This analysis of adverse reactions made it possible to: (1) record the
prevalence of each of the local and systemic reactions evaluated; and (2)
calculate the vaccine's overall reactogenicity based on the sum of all the
reactions reported by each participant (range 0-9) following each jab.

Statistical analysis

Descripfive analyses were carried out fo characterize the sample and exa-
mine the incidence of local and systemic reactions following the first and second
dose of the vaccine. McNemar's test was used to evaluate differences in
prevalence between the adverse reactions reported following the first and
the second dose of the vaccine. Pearson’s chi-square test was applied fo
study the relationship between sex, age and each of the local and systemic
reactions evaluated following each dose of the vaccine. Student's paired
sample 1 fest was used fo evaluate the difference in overall reactogenicity
between the first and second dose. Student's t test for independent samples
was employed to compare differences in the overall reactogenicity of the
first and second dose of the vaccine according fo sex, age, and previous
COVID-19 infection. Finally, a linear regression model was applied fo eva-
luate the relationship between the overall reactogenicity of the first and
second dose, controlling for individual differences and previous infection

with COVID-19.

Results

Of the 305 initial participants, 291 filled out the questionnaire affer
receiving the first and second dose of the vaccine (95.4% response rate].
That was definitive size of the study sample. Two-hundred of these 305 sub-
jects were female (68.7%) and mean age was 48.46 [Standard Deviation
(SD) = 11.77]. A total of 6.9% of participants declared having been pre-
viously diagnosed with COVID-19.

Adverse reactions of the vaccine against COVID-19

A total of 81.8% and 84.0% of participants, respectively, declared
having experienced at least one adverse reaction following the first or the
second jab of the vaccine. Table 1 shows the prevalence of adverse reac-
tions following the first and second dose. An analysis of the reactions occu-
rring between the first and the second dose shows that sysfemic reactions
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Table 1. Prevalence of adverse reactions following the first
and second dose of the BNT162b2 vaccine against COVID-19

First dose

(%) %) P
e
Infection site soreness | 74.6 648 0002
Headache 11.3 26.8 < 0.001
Fever 1.4 13.2 < 0.001
Insomnia 2.7 7.3 0.004
Arthralgia or myalgia 5.5 18.5 < 0.001
Nausea 1.4 8.7 < 0.001
Fatigue 9.3 25.1 < 0.001
General malaise 6.9 30.7 < 0.001
Other reactions L

were more common affer the second dose, while local reactions were more
usual after the first dose.

Other reactions were also analyzed, yielding a fotal of 15 different reac-
tions following the first jab and a total of 32 reactions affer the second jab.
These reactions, all of them all mild, were classified into (1) flue-like reactions
le.g. shivers, throat soreness, sneezing); (2) allergy-like reactions (e.g. rash,
cold sores, efc.); (3] gastrointestinal reactions [e.g. diarrhea, vomiting, sto-
machache, efc.); (4) anxiety-related reactions (e.g. tachycardia, low blood
pressure, dizziness, etc.]; and (5) other reactions (e.g. impaired vision, nose-
bleeds, efc.). Most of these reactions appeared in isolated cases, affecting

1 or 2 participants. The most common reaction after the first dose was
dizziness (n = 12) and the most common reaction affer the second dose
was shivering [n = 18).

Table 2 shows the prevalence of adverse reactions as a function of
parficipant sex and age.

Overall reactogenicity of the vaccine

The overall reactogenicity analysis of the vaccine showed that the num-
ber of reactions reported by participants after receiving their second jab
(M =2.10; SD = 2.07) was significantly higher than the number of reactions
reported after the first job (M = 1.22; SD = 1.11; p < 0.001).

The vaccine's reactogenicity exhibited differences related fo sex, age,
and prior infection with COVID-19 (Table 3). Females reported a higher
number of reactions than males following both the first (p < 0.05) and
second administration (p < 0.001) of the vaccine. As regards age, although
subjects between 18 and 55 years of age showed higher reactogenicity
levels after the first jab (p < 0.05), no statistically significant differences were
found following the second dose of the vaccine (p = 0.128). Parficipants
with a prior COVID-19 infection had higher reactogenicity affer the first
dose than the resto f participants (p < 0.01) but no sfafistically significant
differences were observed between the two groups following the second
dose of the vaccine (p = 0.441). Furthermore, the reactogenicity analysis
conducted affer administration of the first job in participants with a previous
infection (M = 2.00; SD = 1.45) did not show stafistically significant diffe-
rences [p = 0.784] with respect to the second dose administered fo patients
with no previous COVID-19 infection (M = 2.13; SD = 2.006).

Finally, when controlling for sex, age and previous COVID-19 infection,
it was observed that a high reactogenicity affer the first dose was related
with higher reactogenicity after the second dose of the vaccine (B = 0.34

[confidence interval 95% = 0.23-0.45], p < 0.001).

Table 2. Prevalence of adverse reactions following administration of the first and second dose of the BNT162b2 vaccine against

COVID-19 as a function of sex and age

Males Females
N=91) (N = 205)
............... % %
Adverse reactions after the first dose
|n|ecnons|re 50 reness ........................................... 6 26 ....................... 8 00
Headache 6.6 13.5
Fever 1.1 1.5
Insomnia 2.2 3.0
Arthralgia or myalgia 3.3 6.5
Nausea 1.1 1.5
Fatigue 6.6 10.5
General malaise 1.1 9.5

Adverse reactions after the second dose

Injection site soreness 55.6 69.0
Headache 14.4 32.5
Fever 3.3 17.8
Insomnia 3.3 9.1
Arthralgia or myalgia 8.9 22.8
Nausea ol 11.2
Fatigue 20.0 27 .4
General malaise 14.4 38.1
Other 18.0 25.9

18-55 years

> 55 years
(N =190) (N=101)
p % % p
0002 ............. — PP T 0074 .....
0.085 14.7 5.0 0.012
0.785 1.1 2.0 0.518
0.698 2.1 4.0 0.357
0.266 5.8 5.0 0.765
0.785 1.6 1.0 0.681
0.287 11.6 5.0 0.064
0.009 7.4 59 0.647
LR 50 0004 .
Sons o PR 0029 .....
0.001 29.0 22.8 0.253
0.001 14.5 10.9 0.387
0.080 8.1 59 0.509
0.005 19.9 15.8 0.398
0.029 9.1 7.9 0.727
0.179 25.8 23.8 0.703
< 0.001 355 21.8 0.016
0.144 22.7 24.8 0.696
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Table 3. Relationship between the subjects’ individual characteristics and their previous COVID infection status with overall
reactogenicity after the first and second dose of the BNT162b2 vaccine

Variables M (SD) M (SD) p

Males 0.95 (0.92) 1.39 (1.56)

Sex 0.004 <0.001
Females 1.35(1.17) 2.50 (2.18)
18-55 years 1.34(1.18) 2.29 (2.09)

Age 0.017 0.128
> 55 years 1.01 (0.96) 1.90 (2.02)
. . Y 2.00 (1.45 2.50 (2.14

f’rfevpus COVID-19 es (1.45) 0.001 (2.14) 0.441
infection No 1.17 (1.07) 2.13 (2.06)

M: Mean; SD: Standard Deviation.

Discussion

The purpose of this study was to examine the reactogenicity of a
COVID-19 vaccine in a population of both healthcare and non-healthcare
workers of a third-level hospital. The findings from the analyses carried out
indicated that reactogenicity varied depending on the dose of the vaccine
administered [first or second], sex, age, and whether subjects had been
previously infected with COVID-19.

The observed incidence of reactions was, on the whole, consistent with
the results of the clinical trials and other studies on mRNA vaccines against
COVID-19%41316 “injection sife soreness being the most commonly reported
reaction. The next most commonly reported reactions were headache and
fatigue following the first jab, and general malaise and headache after the
second dose. Moreover, in line with previous studies on the BNT162b2 vac-
cine'*!%, it was found that systemic reactions were reported more frequently
after the second dose of the vaccine, while local reactions occurred more
commonly after the first dose.

The analysis of local and systemic reactions showed differences as a
function of participants’ characteristics. As far as gender is concerned.
Results showed that females exhibited higher reactogenicity after the
first and the second jab. These differences were particularly noteworthy
following the second dose, where six of the evaluated reactions occurred
predominantly in females. The scarce existing studies analyzing reactogeni-
city as a function of sex also show a predominance of common reactions in
females'®?°. Although it seems likely that genderbased differences may be
common, no reasons or mechanisms have as yet been proposed to explain
this fact. Studies on other vaccines suggest that the sex-reactogenicity rela-
tionship is a complex one, influenced by a host of contributing facfors such
as vaccine formulation, interactions with the immune system, genefic poly-
morphisms across populations, efc.?!. These potential differences in reac-
togenicity should be looked info by future studies on COVID-19 vaccines.

Overall, the age-based reactogenicity of the BNT162b2 vaccine was
similar fo that reported by previous studies'>'®. Probably as a result of immu-
nosenescence??, the prevalence of adverse reactions decreased with age,
with fewer local and systemic reactions being observed in older adults
[> 55 years| than in younger ones (18-55 years). A specific analysis of
adverse events indicated that headache following the first dose and injec-
tion site soreness and general malaise after the second dose were particu-
larly common among younger adults. As regards the overall reactogenicity
of the BNT162b2 vaccine, differences were only observed after the first
jab of the vaccine, as a result of the fact that younger adults reported a
higher number of adverse reactions. Nonetheless, no statistically significant
differences were found between the two age groups following the second
dose of the vaccine. In that regard, previous studies on mRNA vaccines
against COVID-19 concur that differences between both age groups are
also greater after the first dose of the vaccine than affer the second one!*'®.

The present study found a significantly higher incidence of selfreported
adverse events following the first jab of the BNT162b2 vaccine in parti-
cipants who had had COVID-19 as compared with those without a pre-
vious COVID-19 infection. This finding was consistent with previous reports
indicating that persons with a previous COVID-19 infection are twice as
likely to experience one or more adverse reactions than those without a
COVID-19 history?*?>. This may be explained by the fact that individuals

who recover from COVID-19 develop a stronger response to SARS-CoV-2
IgG antibodies following one dose of the vaccine than people without a pre-
vious infection??’. It has also been demonstrated that one single dose of the
BNT162b2 vaccine induces a significantly stronger T cell immune response
in individuals previously exposed fo the virus?. In this respect, it has recently
been suggested that following their first dose of the vaccine, the reactoge-
nicity demonstrated by people with a previous COVID-19 infection after the
first dose of the vaccine is comparable to that observed following the second
dose given that they have already been exposed to the disease?. As part of
this study, an analysis was performed of the reactogenicity after the first jab in
people with no previous exposure fo COVID-19 and after the second jab
in people in those who had had the disease, with no significant differences
being observed. This finding would seem to support our working hypothesis.

Similarly, no reactogenicity differences were found following the second
dose between the groups with and without a previous COVID-19 infection.
In this case, all the participants vaccinated with the second dose had been
exposed to the viral antigen [either because of a prior infection or when
receiving the first jab), with a similar response being elicited in both groups
following the second dose. In fact, the response of the SARS-CoV-2 IgG
antibodies in people with and without a previous infection after the second
dose did not show any significant differences?.

The relationship found in the present study between the reactogenicity
of both doses indicates that the people who reported a higher number of
reactions following the first dose also did so affer the second dose of the
vaccine. This finding confributes information that is particularly relevant for
monitoring the local and systemic reactions occurring after administration of
the second dose. Following up on those individuals who exhibited higher
levels of reactogenicity after the first jab would also allow identification of
people most likely to develop a higher number of reactions affer the second
dose of the vaccine.

This study presents with several limitations. Firstly, the information on
adverse reactions was gathered using selfreport questionnaires, which
makes it subjective. Secondly, the presence of biases cannot be ruled out
given the low number of participants who reported a previous infection with
COVID-19. Another limitation has to do with the fact that the occurrence of
reactions was only monitored for up fo seven days as reactions following
COVID-19 vaccination tend to appear within 24-48 hours as the occurrence
of adverse events beyond that period is much less frequent®®. Another limita-
tion of this study is the failure to evaluate the infensity of adverse reactions.
Lastly, it must be mentioned that no information on the patients’ comorbidities
was collected and, given that the studied population only included active
workers, no dafa was included on the population older than 65 years or
younger than 18 years.

Despite these limitations, the results obtained in this study support the
idea that vaccines against COVID-19 are safe in the short term and that
there are a few factors related with their reactogenicity. Our wish is that the
results obtained may help healthcare providers identify people at a higher
risk of experiencing higher reactogenicity levels against COVID-19 so that
people receiving the vaccine can be appropriately informed about ifs
potential short-erm adverse effects and how to manage them. Moreover,
the findings of this study may contribute to a better understanding of the
shortterm safety profile of the vaccine outside the realm of clinical frials.
Conveying this information to the general population may help counteract
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the negative effects of false or erroneous information about the safety of

COVID-19 vaccines.
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