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ABSTRACT

Objective: This study explores the adverse effects to different messenger RNA (MRNA)
vaccines (BNT162b2/Pfizer or mRNA-1273/Moderna) in health-care workers (HCWSs) who
received a third (booster) dose and were previously vaccinated twice with the adenoviral
vector vaccine (ChAdOx1-S/Astra Zeneca).

Materials and methods: The data were collected based on surveys of 175 HCWs at the
University Clinical Hospital (UCH) Mostar from October 2021 to March 2022. The
participants filled out the initial general survey form immediately before the booster
vaccination and a second survey form regarding adverse effects after the vaccination. Based
on the administered vaccines, HCWs were divided into two groups — Pfizer and Moderna.
Data organisation and statistical analysis were performed using Microsoft Excel and SPSS
statistical software.

Results: Out of 175 participants, 132 (75.4%) had mild adverse effects post-vaccination, while
no severe adverse effects were recorded. Adverse effects overall were significantly more
frequent in participants vaccinated with the Moderna vaccine compared to the Pfizer vaccine
(82.7%, P < 0.001) and were significantly more prevalent in women (82.5%, P = 0.031).
Specifically, shoulder pain, chills, shivering, and fever were more frequently reported by
participants vaccinated with the Moderna vaccine.

Conclusions: Both mRNA vaccines were considered safe to use, while the use of the Pfizer
vaccine as a booster dose in a heterologous vaccination approach might have a lower
incidence of adverse effects. Thus, the wide range of available vaccines is favourable during
pandemic, and their dosages should be reconsidered primarily according to their
immunological effectiveness in the future.
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INTRODUCTION

Coronavirus disease 2019 (COVID-
19) is caused by severe acute respiratory
coronavirus 2 (SARS-CoV-2), and it was
first officially confirmed in December
2019 in Wuhan, China (1). The World
Health Organisation (WHO) declared the
COVID-19 pandemic on March 11, 2020,
and it remains a threat to global health due
to several variants still emerging and
circulating (2). The incubation period of
the disease ranges from 2 to 14 days, and
common symptoms include fever, chills,
sore throat, coughing, difficulty breathing,
shortness of breath, and loss of smell or
taste (3,4). More severe clinical
manifestations are most often presented in
the elderly, immunodeficient, persons with
chronic diseases, and children with
cardiovascular and respiratory diseases (5—
7). Considering there is no adequate-
targeted treatment, prevention of the
disease through self-protection measures
and vaccination is a key course of action in
the fight against COVID-19 (8, 9). This is
especially important for health-care
workers (HCWSs), who are at occupational
risk and whose systemic vaccination and
regular use of protective equipment could
ensure a safer work environment for both
themselves and the patients they treat (10).
Initially, vaccination with two doses of
messenger RNA (mRNA) vaccine was
considered sufficient to provide protection
against symptomatic COVID-19 (9,11).
However, as the pandemic progressed and
new SARS-CoV-2 variants of concern
(VOCs) predominated, it was shown that
two doses were not sufficient to prevent
symptomatic disease, its severe forms, and
fatal outcomes, suggesting the use of a

third (booster) dose (12). From 2021
onwards, the recommendation for the use
of a booster dose remained in order to
provide additional protection, especially
for the elderly and immunodeficient
patients (13). However, in Bosnia and
Herzegovina (BiH), booster vaccination
was initially recommended to everyone
over the age of 18 (6 months post-primary
vaccination or disease recovery).

A certain number of people
experience mild adverse effects from
COVID-19 vaccinations, which include
pain and swelling at the injection site,
headaches, fatigue, muscle and joint pain,
and fever, while more serious adverse
effects include thrombosis with immune
thrombocytopenia, anaphylactic reactions,
and Guillain-Barré syndrome (9,11,14).
Despite the occurrence of adverse effects,
which are mostly of a milder form, there is
insufficient data on this topic in the
population of BiH where various vaccines
against COVID-19 were administered,
depending on their availability at the time.
In this study, we aimed to assess the
frequency and severity of adverse effects
to different mMRNA vaccines among HCWs
in order to determine a more suitable
vaccination regimen.

PARTICIPANTS, STUDY DESIGN,
AND METHODS
Study population

A total of 175 HCWs of University
Clinical Hospital (UCH) Mostar who
received a booster dose of MRNA vaccine
after previously being fully vaccinated
with the adenoviral vector (ChAdOXx1-
S/Astra Zeneca) vaccine were included in
the study. The relevant sociodemographic
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and clinical data were collected from
survey forms between October 2021 and
March 2022. The participants were divided
into two groups based on the type of
vaccine they received as a booster dose.
Group 1 (Pfizer) included 42 HCWs who
received the BNT162b2 vaccine, and
Group 2 (Moderna) included 133 HCWs
who received the mRNA-1273 vaccine.
The participants’ inclusion in the study
was based on the time period, while the
allocation into groups was based on the
type of vaccine they selected. A notable
difference in group sizes can be explained
by the voluntary selection of vaccines by
the HCWs and the vaccine availability that
was not stable at the time.

Surveys

Two survey forms were filled out
by the participants, one prior to vaccination
and the other 7-14 days after the
vaccination. The first form that HCWs
filled out immediately before receiving the
booster dose included questions regarding
age, gender, profession, acute conditions,
or fever 2 days prior, other vaccines
administered 2 weeks prior, previous
SARS-CoV-2 infection, previous life-
threatening allergy reactions, allergy to
ethanol, other allergies, pregnancy, and
breastfeeding. After the booster dose,
HCWs filled out the second form regarding
adverse effects related to the vaccination.
The questions included: type of vaccine,
allergic reaction (local or systemic), and
adverse effects (redness and swelling at the
injection site, shoulder pain, chills,
shivering, fever > 37.2°C, rash, headache,
nausea, fatigue, vomiting, and neurological
disorders). Participants had the option to

write additional adverse effects that were
not listed in the questionnaire itself.

Statistical analysis

Collected data were processed
using Microsoft Excel and IBM SPSS
Statistics for Windows, Version 26.0 (IBM
Corp., Armonk, NY). Standard statistical
methods were utilised (Chi-square test or
Fisher’s exact test), and all tests were two-
tailed, where values of P<0.05 were
considered statistically significant. The
results were presented as absolute numbers
(n) and percentages (%) in the form of
graphics or tables.

Ethical statement

The study was conducted in
accordance with the ethical standards
stated in the 1964 Declaration of Helsinki
and its subsequent amendments. Since this
study involved the analysis of standardised
questionnaires, obtaining informed consent
was not necessary, and any participant
identifying information was excluded.

RESULTS

The study included 175 HCWs of
UCH Mostar who previously received two
doses of the ChAdOx1-S (Astra Zeneca)
adenoviral vector vaccine and were
additionally vaccinated with BNT162b2
(Pfizer) or mMRNA-1273 (Moderna)
vaccine. Of the total number of
participants, 42 (24%) were vaccinated
with the Pfizer vaccine, and 133 (76%)
were vaccinated with the Moderna vaccine.
The median age of all HCWs included in
the study was 49 (25-65) years, and 89
(50.9%) were male. In the Pfizer group, the
median age was 49 (25-64) years, and
there were 23 females (54.8%), while in
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the Moderna group, the median age was two established groups regarding age and
also 49 (26-65) years, and there were 70 gender distribution (P = 0.403) (data not

males (52.6%). There was no statistical
difference among participants between the

shown).

Table 1. Adverse effects of participants regarding the type of vaccine administered

Group 1 (Pfizer) Group 2 (Moderna)
n (%) n (%) P value
Number of participants 42 133
Shoulder pain 20 (47.6) 102 (76.7) <0.001
Redness/swelling at the 2 (4.8) 22 (16.5) 0.070*
injection site

Chills 3(7.1) 33(24.8) 0.015*
Shivering 0 (0) 16 (12.0) 0.013*

Fever > 37.2°C 6 (14.3) 48 (36.1) 0.007
Rash 0 (0) 2 (15) 1.000*

Headache 5 (11.9) 34 (25.6) 0.063
Nausea 2 (4.8) 13 (9.8) 0.527*

Fatigue 10 (23.8) 49 (36.8) 0.119
VVomiting 0 (0) 1 (0.75) 1.000*
Neurological disorders 0 (0) 0 (0) 1.000*

*Fisher’s exact test; Bold values represent statistical significance.
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Figure 1. Comparison of total adverse effects reported after different vaccines

Adverse effects to mRNA vaccines
were reported by 132 participants (75.4%).

Of those, 22 out of 42 (52.4%) participants
from the Pfizer group reported adverse
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effects, while 110 out of 133 (82.7%)
participants reported adverse effects to the
Moderna vaccine, which was statistically
significant (P < 0.001) (Figure 1). Our
results indicate a significantly higher
occurrence of certain adverse effects in

participants who were vaccinated with the
Moderna vaccine. These included shoulder
pain (102/133, 76.7%, P < 0.001), chills
(33/133, 24.8%, P = 0.015), shivering
(16/133, 12%, P = 0.013), and fever
(48/133, 36.1%, P =0.007) (Table 1).

Table 2. Adverse effects of participants regarding gender

Female n (%) Male n (%) P value
Number of participants 86 89
Total adverse effects reported 71 (82.5) 61 (68.5) 0.031
Shoulder pain 66 (76.7) 56 (62.9) 0.046
Redness/swelling at the injection site 15 (17.4) 9(10.1) 0.158
Chills 23 (26.7) 13 (14.6) 0.047
Shivering 9 (10.5) 7(7.9) 0.550
Fever > 37.2°C 34 (39.5) 20 (22.5) 0.014
Rash 1(1.2) 1(1.1) 1.000*
Headache 25 (29.1) 14 (15.7) 0.034
Nausea 12 (13.9) 3(3.4) 0.014*
Fatigue 35 (40.7) 24 (27.0) 0.054
Vomiting 0 (0) 1(1.1) 1.000*
Neurological disorders 0 (0) 0 (0) 1.000*

*Fisher’s exact test; Bold values represent statistical significance.
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Figure 2. Comparison of total adverse effects reported in regard to gender and vaccine type
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Adverse  effects to  mRNA
vaccination were reported by 71 out of 86
(82.5%) women who participated in the
study, compared to 61 out of 89 (68.5%)
men, which was also statistically
significant (P = 0.031). In the Pfizer group,
12 out of 23 (52.2%) women and 10 out of
19 (52.6%) men experienced adverse
effects (P = 0.976). However, in the
Moderna group, a significantly higher
proportion of women (59/63, 93.7%)
compared to men (51/70, 72.9%) reported
adverse effects (P = 0.001) (Figure 2).
When comparing individual adverse

effects reported between genders, women
experienced shoulder pain (66/86, 76.7%,
P = 0.046), chills (23/86, 26.7%, P =
0.047), fever (34/86, 39.5%, P = 0.014),
headache (25/86, 29.1%, P = 0.034), and
nausea (12/86, 13.9%, P = 0.014) more
frequently than men (Table 2). When we
further stratified participants based on
gender and analysed individual adverse
effects, we found no influence of gender
on the occurrence of adverse effects
between the Pfizer and Moderna groups of
participants (Supplementary Table 1).
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Supplementary Table 1. Adverse effects of participants regarding gender and the type of

vaccine administered

Group 1 (Pfizer) n(%) Group 2 (Moderna) n(%) P value
Number of participants 42 133
Male 9(21.4) 47 (35.3) 0.929
Shoulder pain Female 11 (26.2) 55 (41.4)
Total 20 (47.6) 102 (76.7) <0.001
Redness/swelling at the Male 0 (0) 9 (6.7) 0.510*
injection site Female 2 (4.8) 13 (9.8)
Total 2(4.8) 22 (16.5) 0.070*
Male 0 (0) 13 (9.8) 0.288*
Chills Female 3(7.1) 20 (15.0)
Total 3(7.1) 33(24.8) 0.015*
Male 0(0) 7(5.3) 1.000*
Shivering Female 0 (0) 9(6.7)
Total 0 (0) 16 (12.0) 0.013*
Male 0 (0) 20 (15.0) 0.074*
Fever >37.2°C Female 6 (14.3) 28 (21.1)
Total 6 (14.3) 48 (36.1) 0.007
Male 0 (0) 1(0.75) 1.000*
Rash Female 0(0) 1 (0.75)
Total 0 (0) 2 (1.5) 1.000*
Male 0 (0) 14 (10.6) 0.139*
Headache Female 5(11.9) 20 (15.0)
Total 5(11.9) 34 (25.6) 0.063
Male 0(0) 3(2.3) 1.000*
Nausea Female 2 (4.8) 10 (7.5)
Total 2(4.8) 13 (9.8) 0.527*
Male 3(7.1) 21 (15.7) 0.505*
Fatigue Female 7 (16.7) 28 (21.1)
Total 10 (23.8) 49 (36.8) 0.119
Male 0(0) 1(0.75) 1.000*
Vomiting Female 0 (0) 0 (0)
Total 0(0) 1(0.75) 1.000*
Neurological disorders Male 0 (0) 0(0) 1.000*
Female 0 (0) 0 (0)
Total 0 (0) 0 (0) 1.000*

*Fisher’s exact test; Bold values represent statistical significance.

From other adverse effects, two
participants reported leg pain, one in the

participants

Pfizer and one in the Moderna group. No
reported acute conditions,
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fever, other vaccinations, allergies to
ethanol, and pregnancy prior to booster
vaccination, while one participant was
breastfeeding during our study period. Two
HCWs reported previous life-threatening
allergic reactions, but no such reactions
were reported after COVID-19 vaccine
administration.

DISCUSSION

In this study carried out in UCH
Mostar from October 2021 to March 2022,
we analysed adverse effects after
administration of a booster dose of mMRNA
COVID-19 vaccines. The study included
175 HCWs who received two doses of
adenoviral vector vaccine, and then a
booster dose of either the Pfizer or
Moderna mRNA vaccine, whose gender
and age distribution across the two
established groups were quite uniform.
Adverse effects after vaccination were
reported by 75.4% of all participants, and
the results indicated a significantly higher
occurrence of adverse effects after
vaccination with the Moderna vaccine. The
influence of gender on the occurrence of
adverse effects was also evident from the
results, which showed that women
experienced  adverse  effects  more
frequently. Our results showed the higher
occurrence of adverse effects in women
only in the Moderna group, while there
was no correlation between gender and the
occurrence of adverse effects after Pfizer
vaccine administration. Out of all the
adverse effects observed, participants from
the Moderna group reported a significantly
higher frequency of shoulder pain, chills,
shivers, and fever as compared to the
Pfizer group. On the other hand, women
reported more cases of shoulder pain,

chills, fever, headache, and nausea
compared to men, and no significant
difference was observed when further
comparing individual adverse effects by
gender between the Pfizer and Moderna
groups. It is important to point out that
none of the participants of this study
reported the occurrence of severe adverse
effects after being vaccinated either with
booster mMRNA vaccines or primary
adenoviral vaccines.

The more frequent occurrence of
mild adverse effects to mRNA vaccines
has been documented (10,14), while our
results showed a significant increase in the
frequency of such reactions after the
administration of the Moderna vaccine.
This is in accordance with other studies
that found post-Moderna vaccination
adverse effects to be more frequent
compared to the Pfizer vaccine, while
noting that the Moderna vaccine is easier
to transport and store since it is less
sensitive to temperature (15,16). The
reason for the higher occurrence of adverse
effects across our study population may be
the Moderna vaccine dosage of 50 ug at
the time, which was the same as the dosage
used in the primary vaccination against
COVID-19. Previous reports of adverse
effects to the full dose of the administered
Moderna vaccine were significantly more
frequent compared to the half dose, while
the immunological effects remained
unchanged (17,18). Meanwhile, the use of
a booster dose of 25 ng was recommended
for the Moderna vaccine, given the almost
identical effectiveness compared to the full
50 pg dose (19).

Our results point towards more
frequent adverse effects to the mRNA
vaccine in women, which is in accordance

15



Laural, Vucijak M, Arapovié M, Arapovi¢ J. COMPARATIVE ANALYSIS OF
ADVERSE EFFECTS FOLLOWING BOOSTER DOSE BY DIFFERENT mRNA COVID-
19 VACCINES AFTER TWO DOSES OF ADENOVIRAL VACCINATION IN HEALTH-
CARE WORKERS. Zdravstveni glasnik. 2024;10(2):8-21.

with previous studies (20-22). This was
evident among our Moderna group
participants, indicating that it was not the
case for mRNA vaccines in general. Again,
this may be the result of the higher dosage
of the Moderna vaccine and the fact that
women are more likely to report their
symptoms (23). Besides that, historically,
females and males have shown different
reactions to vaccines, and it seems that
women’s immune system is more reactive
(24,25). This only became more prominent

during the pandemic, with  mass
vaccinations taking place globally.
Considering the hormonal and

physiological variations between men and
women which may influence their immune
response (26), it may be advisable to
reconsider the vaccination dosage for
women in the future.

Frequently reported adverse effects
after vaccination were both systemic
(fever, chills, fatigue, and headache) and
local (redness or swelling at the injection
site and shoulder pain), and were again
reported more frequently by women.
Among all the study participants, not a
single case of severe allergic reaction or
anaphylaxis was recorded. The results of
other studies based on online surveys
indicate the possibility of the occurrence of
such severe adverse effects to mRNA
vaccines in 0.2-2% of the population
(15,27), and show that their occurrence is
quite rare for all the other COVID-19
vaccines as well (28). The reason for no
reports of such reactions in our study may
be the relatively small number of
participants and the fact that they were
interviewed on site by health professionals
at the vaccination centre. On the other
hand, all the participants in this study were

properly vaccinated with two doses of the
ChAdOx1-S vaccine, which expresses the
S (spike) protein as an immunogen and
elicits a substantial cellular response after
the second dose (29). Pro-inflammatory
cytokines secretion can be induced by S
protein alone (30), while higher existing
immunity can influence the local and
systemic inflammatory impact of cytokines
upon subsequent dosing (31). Therefore,
milder adverse effects could be attributed
to better immunological acceptability
across our study population. Also, the
question arises as to whether the high
incidence of adverse reactions to the
Moderna vaccine is in correlation with
prior SARS-CoV-2 infection. It has been
suggested that previous COVID-19
recovery was associated with higher odds
of reporting adverse effects (15). However,
79 out of 175 (45.1%) participants in our
study have previously recovered from
COVID-19, and this data did not influence
the overall results, as there was no
significance in regard to the vaccine type
(P = 0.468), gender (P = 0.115), and total
adverse effects reported (P = 0.884) (data
not shown).

Considering the wide range of
participants’ ages and their different roles
within the health-care system, our results
can be translated to the population of BiH
and can indicate COVID-19 vaccine safety
in regard to their quality and availability
during the pandemic. Our findings are in
accordance with other studies that
demonstrate low MRNA vaccine severe
adverse effects and overall safety, which
would be acceptable for people in the
indication groups for booster vaccination
(32). Since the time of our study, as SARS-
CoV-2 evolved, vaccine formulations and
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policies have also been updated. Bivalent
MRNA vaccines were developed in late
2022 as a response to the emergence of the
Omicron (B.1.1.529) variant, and they
targeted both the original and new SARS-
CoV-2 strains (33). As of late 2023, the
updated (2023-2024 formula) mMRNA
COVID-19 vaccines by Pfizer-BioNTech
and Moderna that are aimed at the
XBB.1.5 Omicron subvariant have been
created and are recommended for everyone
6 months and older (34). The wide range of
available vaccines and their continuous
variant-targeted development leave room
for medical experts to prescribe the best
vaccination regimen against SARS-CoV-2
and potentially hold the answer to
controlling future pandemics.

This study has several limitations.
A relatively small number of participants
might have resulted in difficulty obtaining
significant relations from the data. On the
other hand, there is a notable difference in
sample sizes between our two established
groups. Observing a larger group of HCWs
and having them separated into two groups
of comparable sizes might provide more
reliable results regarding our study points.

CONCLUSIONS

The data presented in our study
point towards the overall safety of mRNA
vaccines, despite the mild adverse effects.
The administration of the Pfizer vaccine
during the COVID-19 pandemic might
have ensured a safer vaccination regimen
in regard to the lower frequency of adverse
effects. A wide range of available vaccines
is favourable in order to provide a
personalised and secure immunisation,
while the higher occurrence of adverse

effects among females may point towards
reconsidering the vaccine dosage.
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USPOREDNA ANALIZA NEZELJENIH UCINAKA DOCJEPE
RAZLICITIM mRNA COVID-19 CJEPIVIMA NAKON DVIJE DOZE
ADENOVIRUSNOG VEKTORSKOG CJEPIVA KOD
ZDRAVSTVENIH DJELATNIKA
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SAZETAK

Cilj: Ova studija istrazuje nezeljene ucinke razli¢itih glasnickih RNA (mRNA) cjepiva
(BNT162b2/Pfizer ili mMRNA-1273/Moderna) kod zdravstvenih djelatnika koji su primili trecu
(booster) dozu, a prethodno su dva puta cijepljeni adenovirusnim vektorskim cjepivom
(ChAdOx1-S/Astra Zeneca).

Materijali i metode: Podatci su prikupljeni na temelju anketiranja 175 zdravstvenih djelatnika
Sveucilisne klinicke bolnice (SKB) Mostar od listopada 2021. do ozujka 2022. Sudionici su
ispunili pocetni op¢i anketni obrazac neposredno prije docjepljivanja te drugi anketni obrazac
u vezi s nuspojavama nakon cijepljenja. Na temelju cjepiva, ispitanici su podijeljeni u dvije
skupine — Pfizer i Moderna. Organizacija podataka i njihova statistiCka obrada su provedeni
pomocu softvera Microsoft Excel 1 SPSS.

Rezultati: Od 175 sudionika, njih 132 (75,4%) je imalo blage nuspojave nakon docjepe, dok
teZe nuspojave nisu zabiljezene. Ukupno gledano, nuspojave su bile znacajno ceS¢e kod
sudionika koji su primili cjepivo Moderna u usporedbi s onima koji su primili cjepivo Pfizer
(82,7%, P < 0,001) te su bile znac¢ajno cesce kod zena (82,5%, P = 0,031). Tocnije, bolove u
ramenu, zimicu, drhtavicu i vruéicu su ¢eSce prijavljivali sudionici cijepljeni Modernom.
Zakljucci: U ovom radu je pokazano da su oba mRNA cjepiva sigurna za upotrebu, dok je
upotreba Pfizer cjepiva za docjepu u heterolognom pristupu cijepljenju rezultirala manjom
udestalodéu nezeljenih efekata. Sirok raspon dostupnih cjepiva je povoljan u vremenima
pandemije, a njithove doze bi u buducnosti trebalo preispitati prvenstveno prema njihovoj
imunoloskoj u¢inkovitosti.

Kljuéne rije¢i: COVID-19, cjepiva protiv COVID-19, docjepljivanje, Stetni u€inci,
zdravstveni djelatnici.
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