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ABSTRACT
Assessment of safety of COVID-19 vaccines is an ongoing process. This study aims to explore long-term 
adverse events reported by physicians and dentists who received at least two COVID-19 vaccine doses. 
A group of physicians and dentists were invited to complete a validated questionnaire that was composed 
of items on: socio-demographics, medical history, administered vaccines, and long-term adverse events 
(LTAE). Data of a total of 498 practitioners were included. Age ranged from 22 to 71 years (mean age= 
35.75 ± 11.74) with a female majority (N = 348, 69.9%). The most frequently administered vaccines were 
Pfizer-BioNtech, Sinopharm and AstraZeneca vaccines. A total of 80 (16.0%) participants reported LTAEs 
which were mainly fatigue, menstrual disturbances, myalgia, arthralgia, dizziness, and headache (N = 32, 
15, 8, 6, 4, and 4, respectively). There was no statistically significant association between LTAEs and: age, 
gender, or medical history (P > .05). The collective symptoms of fatigue, myalgia, arthralgia, dizziness, and 
headache were significantly associated with Sinopharm vaccine (P = .04). This was further confirmed by 
general linear multivariate model analysis. Less than 20% of COVID-19 vaccine recipients may complain of 
LTAEs that are mostly fatigue-related. It seems that factors such as age, gender, and medical status play 
a negligible role in development of these AEs. On the other hand, Sinopharm vaccine showed the highest 
significant association with these AEs followed by AstraZeneca vaccine.
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1. Introduction

A year has passed since the roll out of Corona virus disease-2019 
(COVID-19) vaccines. Several vaccines (utilizing three main 
platforms) were approved and used globally, namely Pfizer- 
BioNtech (PB) (RNA-based), AstraZeneca (AZ) (Adenoviral 
vector-based), and Sinopharm (SF) (inactivated virus). These 
vaccines have been reported to have efficacy rates ranging from 
79% to 95% in reducing risk of moderate to severe illness, 
hospitalization, and deaths related to COVID-19.1–4

Early reports on these vaccines concluded that their side 
effects are mostly acute in nature, with a duration ranging from 
1 to 10 days.5 Side effects were described as local effects in the 
injection site and systemic transient manifestations in the form 
of fatigue, headache, fever, among others. Potential side effects 
of vaccines, and concerns about their safety profile represent 
important obstacles against efforts to distribute vaccines 
among eligible candidates. Public trust in vaccines has been 
influenced by several political and social factors with concerns 
over the relatively rapid production, and claims of inadequate 
testing and monitoring of vaccine safety. Despite efforts of the 
scientific community to assure the public about the safety and 
efficacy of vaccines, there has been significant public hesitancy 
toward COVID-19 vaccination. Moreover, vaccine hesitancy 
was reported among health-care workers who demonstrated 
unacceptably low vaccination rates at times.6

To increase vaccination rates several countries mandated 
vaccination for eligible candidates as soon as vaccines were 
approved. Recently, with the severe surge of COVID-19 cases 
and emergence of aggressive virus variants several countries 
such as the United States, Italy, and France have mandated 
vaccines starting from July 2021,7 while other countries 
announced that they will start mandatory vaccination early 
2022. Although mandatory vaccine campaigns went relatively 
smoothly in the developing world, there were sporadic reports 
of detecting fake vaccine certificates or fake virus tests to evade 
vaccination.8 In several industrialized countries, on the other 
hand, resistance by antivaccination movements was encoun
tered, and their sentiments were circulated over social media 
concerning misinformation that vaccines contain toxic sub
stances, cause illnesses; are ineffective; and that mandating 
them shall violate personal freedom.9,10

Several reports were available on short-term or acute side 
effects of vaccines. However, data on long-term or delayed 
effects of vaccines are still unavailable. It is important that 
such reports are made available to the public as well as 
scientific community. More importantly, these data should 
be provided in a transparent and evidence-based approach. 
Continuous tracking of COVID-19 vaccine side effects is 
important and currently some studies are ongoing to track 
safety of vaccines.11 It is essential at this stage of the 
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COVID-19 pandemic, to maintain the momentum of vacci
nation campaigns by providing updated data on vaccine 
safety and adverse events. Data on vaccine safety will also 
be more valid and reliable if they are provided by trusted 
groups of healthcare professionals such as physicians and 
dentists. Further, such groups, having priority for vaccina
tion, have received full vaccination early on after the intro
duction of those vaccines and some have already received 
their booster doses as well. This allowed for a relatively 
sufficient time for monitoring changes in medical condition 
and to determine if a long-term adverse event (LTAE) has 
emerged.

Therefore, this study was conducted among a sample of 
physicians and dentists who had the full vaccination protocol 
of COVID-19 vaccines to investigate prevalence of self- 
reported LTAE of vaccines and to explore the potential influ
ence of age, gender, medical history, and vaccine type on 
development of these events.

2. Materials and Methods

2.1. Participants

Study participants were physicians and dentists registered as 
group members of specific professional WhatsApp groups. Only 
practitioners who provided informed consent and who received 
the full vaccination protocol were eligible for participation.

2.2. Study tool

A questionnaire was designed based on a previously validated 
and used questionnaire after some modifications5 using Google 
Forms. It consisted of 35 items distributed in the following 
sections: first section consisted of 10 questions on demo
graphics (age, gender, height, weight, profession, country of 
practice, history of chronic disease, hemoglobin level, medica
tions, intake of influenza vaccine); second section on COVID- 
19 vaccine consisting of 20 questions on type of vaccine for the 
first, second, and booster dose and associated LTAE. The third 
section was composed of five questions directed to female 
practitioners on influence of vaccine on menstrual health. All 
questions were closed-ended, except questions on weight, 
height, country of practice and LTAEs which were open 
ended. The question on LTAEs explained that a LTAE is “a 
symptom that continued more than one month after vaccine 
administration” to ensure that the question is clear and to 
obtain accurate responses. The questionnaire had an introduc
tory paragraph explaining the nature and objectives of the 
study, and the voluntary and anonymous nature of participa
tion. The study was ethically approved by Taibah University, 
College of Dentistry Ethics Committee, IRB# TUCDREC/ 
01122021/NDar-Odeh.

2.3. Statistical analysis

Statistical analysis was carried out using Statistical Package for 
Social Sciences (IBM-SPSS) version 25. Descriptive statistics 
were obtained in the form of frequencies and percentages 
describing study sample, vaccines, and LTAEs. Cross tabulation 

with Chi-square was used to investigate significant associations 
of various variables with adverse events. General linear model 
(multivariate analysis of variance- MANOVA) was carried out to 
investigate significant differences in adverse events between vac
cine types with least significant difference (LSD) post-hoc test.

3. Results

3.1. Participants (Demographics)

A total of 505 practitioners participated, however, there were 
only seven participants who received one of the following 
vaccines: Moderna, Johnson and Johnson, and Sputnik vac
cines. Hence these were excluded leaving a total of 498 parti
cipants who comprised the study sample. These were 150 
(30.1%) males and 348 (69.9%) females with age range of 22– 
71 years (mean age = 35.75 ± 11.74 years). Participants were: 
266 (53.4%) dentists and 232 (46.6%) physicians. They were 
practicing in Saudi Arabia (N = 69,13.9%), and Jordan (N =  
421,84.5%). However, eight participants (1.6%) practiced out
side these two countries.

3.2. Participants (Medical history)

A total of 162 participants (32.5%) indicated presence of sys
temic illnesses. The most frequently cited diseases were anemia, 
diabetes mellitus (DM), allergy, thyroid disorders, and hyper
tension. The frequencies of systemic diseases in the sample are 
presented in Figure 1. A total of 134 (26.9%) indicated they were 
taking at least one medication for their illnesses. Data of weight 
and height indicated that 272 (54.6%) were overweight or obese.

3.3. Reported long-term adverse events (LTAE) after 
vaccine administration

Three vaccines were received by the study sample, as follows: 
PB vaccine (N = 241, 48.4%), SP vaccine (N = 158, 31.7%), and 
AZ vaccine (N = 91, 18.3%), AZ (first dose) and PB as 
the second dose (N = 8, 1.6%). Third dose was received by: 83 
(16.7%) (PB); 15 (3.0%) (SP); and 5 (1.0%) (AZ). There were 3 
subjects who took Sinopharm first and received one of the 
other two vaccines as a second dose; however, those were not 
included due to the small number.

3.4. Long-term adverse events (LTAEs)

A total of 80 participants reported at least one LTAE (16.1%), 
and these were distributed as follows: one LTAE reported by 71 
(14.3%) subjects; two LTAEs reported by 4 subjects (.8%), 3 
LTAEs reported by 3 (.6%) subjects and 4 LTAEs reported by 2 
(.4%) subjects. This sub-sample had an age range of 23–67  
years (mean = 36.6 ± 11.0 years), and most of them were 
females (N = 59, 73.8%) and healthy (N = 57, 71.3%) with no 
systemic conditions.

A total of 17 (3.4%) subjects contracted COVID-19 infec
tion after their first vaccination dose. Also 41 (8.2%) contracted 
the disease after second dose. None of the 17 subjects who 
indicated infection with COVID-19 after first dose reported 
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symptomatic infection, however, 33 (78.5%) of the 41 subjects 
who contracted the infection after second dose reported symp
tomatic infection.

The most frequently reported LTAE among the whole sam
ple was fatigue (N = 32, 6.4%), and the second most frequently 
reported LTAE among females was menstrual disturbances 
which were reported by 15 out of 314 menstruating women 
(N = 15, 4.8%). Adverse events that were reported only once 
include: anorexia, dry mouth, periodontitis, body malodor, 
herpes zoster, hypertension, hypothyroidism, low oxygen 
saturation, pityriasis rosea, taste and smell distortion, throm
bosis, bleeding tendency and left arm paresthesia, with the 
latter 3 LTAEs being reported in recipients of PB and SP 
vaccines. Adverse events that were reported by more than 
one participant are presented in Figure 2.

Cross-tabulation showed that there were no significant asso
ciation of reported LTAEs with: gender, age groups, history of 
systemic diseases (or with individual systemic diseases) or 
types of vaccines (P > .05) (Tables 1–2). Moreover, medication 
history was not significantly associated with any of reported 
LTAEs (P > .05).

It was noticed that the most frequently reported symptoms 
were fatigue and related symptoms (myalgia, arthralgia, head
ache, and dizziness). Data of participants who had any of these 
symptoms were compiled and analyzed (N = 47, 9.4%). This 
group of participants had a mean age of: 35.91 ± 11.26 years, 
which was not significantly different from mean age of remain
der of participants (P = .921). There were no statistically sig
nificant differences in the occurrence of fatigue-related 
symptoms among age groups, genders, date of vaccination or 

Figure 1. Systemic diseases frequencies reported by COVID-19 vaccinated physicians and dentists. GIT: gastrointestinal disorders; PCOS: polycystic ovarian syndrome; 
COPD: chronic obstructive pulmonary disease.

Figure 2. Most frequently reported long-term adverse events among physicians and dentists vaccinated with COVID-19 vaccines.
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medical history (P > .05) (Table 3.). However, these symptoms 
were significantly reported more by recipients of SP vaccine 
(N = 23, 48.9%) (P = .048) (Table 3).

General multivariate linear model analysis (MANOVA) was 
carried out to investigate LTAE across levels of vaccination 
regimens. Results indicated a Pillai‘s test value = .08646 and F  
= . 74,656 that was not significant (P = .920). Canonical corre
lation (partial Eta) was . 25,376 and partial Eta square (or effect 
size) was .06439. Only: categorical presence or absence of 
LTAE, fatigue related AE and dizziness were the only factors 
to show significant differences at P = .012, .048, and .034, 
respectively. These were investigated more by post hoc test.

Investigated variables included: fatigue-related AEs (fatigue, 
myalgia, dizziness, poor concentration, arthralgia), and other 
AEs including dyspnea, anorexia, menstrual disturbances, gas
trointestinal disturbances, and thrombosis. Table 4 shows the 
only significant differences in LSD (least significant difference) 
post-hoc test (fatigue, fatigue-related AEs, dizziness, poor con
centration), as all nonsignificant findings are not included in 
the table.

4. Discussion

This study was conducted at a critically challenging stage of 
COVID-19 pandemic. October and November 2021 were 
marked by several important events such as expanding emer
gency use authorization of the PB COVID-19 vaccine to 
include 5–11-year-old children and expanding eligibility for 
COVID-19 vaccine boosters to vaccine recipients who are ≥18  
years.12 Moreover, during this period the newly emerging 
variant of SARS-CoV-2, Omicron, was considered by the 
WHO as a “variant of concern.”13 Health authorities including 
the CDC and WHO remain, understandably, adamant that 
vaccines are the effective method for reducing severe disease 
outcomes including hospitalization and mortality. Public trust 
in vaccines can be strengthened by reassuring them about the 
benign nature of vaccine side effects. Whereas the public trust 
in politicians may sometimes be wavering,14 it appears that 
a reliable method is to obtain data from vaccinated healthcare 
workers such as physicians and dentists.5 Scientists believe that 
there are several factors that point to the safety of COVID-19 
vaccines particularly mRNA vaccines such as: rapid degrad
ability and elimination from the body and nature of side 
effects.15 However, more data are needed to support these 
beliefs.

Several reports have covered acute side effects of vac
cines; however, data on the LTAEs are still scarce. 
Investigating LTAEs of vaccines is a critical issue that 
warrants collecting data on several related factors that are 
eligible confounders in the development of side effects or 
adverse events in general. This study addressed several 
factors that may be implicated including systemic diseases, 

Table 1. Cross tabulation of adverse events with age, gender, systemic disease 
category, and individual systemic diseases.

Long-term adverse events P-value

Gender
Male (N = 150) 21 (14.0%) 0.410
Female (N = 348) 59 (17.0%)
Age category (years)
<40 (N = 333) 52 (15.6%) 0.699
≥40 (N = 165) 28 (17.0%)
Systemic diseases
Yes (N = 162) 52 (15.5%) 0.607
No ( = 336) 28 (17.3%)
BMI categories
Normal (N = 226) 38 (16.8%) 0.678
Overweight/Obese (N = 272) 42 (15.4%)
Anemia
No (452) 70 (15.5%) 0.271
Yes (N = 46) 10 (21.7%)
Diabetes mellitus
No (472) 78 (16.5%) 0.232
Yes (N = 26) 2 (7.7%)
Allergy
No (473) 77 (16.3%) 0.570
Yes (N = 25) 3 (12.0%)
Thyroid disorders
No (474) 73 (15.4%) 0.073
Yes (N = 24) 7 (29.2%)
Hypertension
No (476) 76 (16.0%) 0.782
Yes (N = 22) 4 (18.2%)
Asthma
No (483) 80 (16.6%) 0.085
Yes (N = 15) 0 (.0%)

Table 2. Cross tabulation of gender, age groups and full vaccine protocol type with reported individual long-term adverse events.

Gender Age Vaccine

Male (n=150) Female (n=348) <40 (n=333) ≥40 (n=165) PB (n=241) AZ (n=91) SP (n=158) AZ & PB (n=8)

Headache 2 (1.3%) 2 (.6%) 4 (1.2%) 0 (.0%) 1 (.4%) 1 (1.1%) 2 (1.3%) 0 (0%)
P value 0.384 0.158 0.797

Myalgia 4 (2.7%) 4 (1.1%) 7 (2.1%) 1 (.6%) 3 (1.2%) 1 (1.1%) 4 (2.5%) 0 (0%)
P value 0.217 0.211 0.746

Dizziness 1 (.7%) 3 (.9%) 3 (.9%) 1 (.6%) 0 (.0%) 0 (.0%) 4 (2.5%) 0 (0%)
P value 0.823 0.729 0.38

Fatigue 12 (8.0%) 20 (5.7%) 21 (6.3%) 11 (6.7%) 11 (4.6%) 5 (5.5%) 15 (9.5%) 1 (12.5%)
P value 0.347 0.877 0.217

Poor concentration 1 (.7%) 2 (.6%) 3 (.9%) 0 (.0%) 1 (.4%) 2 (2.2%) 0 (0%) 0 (0%)
P value 0.903 0.221 0.159

Arthralgia 1 (.7%) 5 (1.4%) 5 (1.5%) 1 (.6%) 2 (.8%) 1 (1.1%) 3 (1.9%) 0 (0%)
P value 0.470 0.389 0.811

Dyspnea/cough 0 (.0%) 2 (.6%) 1 (.3%) 1 (.6%) 2 (.8%) 0 (0%) 0 (0%) 0 (0%)
P value 0.352 0.612 0544

Hair loss 1 (.7%) 2 (.6%) 2 (.6%) 1 (.6%) 3 (1.2%) 0 (0%) 0 (0%) 0 (0%)
P value 0.903 0.994 0.359

Allergy 0 (.0%) 3 (.9%) 2 (.6%) 1 (.6%) 1 (.4%) 0 (0%) 2 (1.3%) 0 (0%)
P value 0.254 0.994 0.610
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medication intake and BMI. The study results showed that 
approximately 16% of vaccinated physicians and dentists 
developed LTAEs after receiving at least two doses of the 
PB, SP, or AZ vaccines. Several LTAEs were reported in 
this study with variable frequencies, however, a great 

majority of these events do not seem to pose any serious 
risk. Some AEs can be explained such as: thrombosis, 
paresthesia, and herpes zoster, while others are difficult to 
explain such as: periodontitis (a chronic inflammatory con
dition), anorexia or body malodor.

The most reported LTAE was fatigue, and its related symp
toms of myalgia, arthralgia, dizziness, and headache. These 
symptoms could have a multifactorial etiology; therefore, sta
tistical analysis was conducted on several possible confounders 
such as age, gender, and underlying systemic conditions that 
could predispose to fatigue such as anemia, obesity, and DM 
among others. All these factors were not found significantly 
associated with fatigue symptoms. The study also investigated 
post-vaccination, COVID-19 infection and it was found that, 
all participants who developed COVID-19 after vaccination 
whether after first (N = 17) or second dose (N = 42), did not 
develop long-term manifestations except for five participants 
who developed either fatigue, menstrual abnormalities, or 
memory problem. While this confirms that the low incidence 
of contracting COVID-19 after vaccination is in concordance 
with the reported efficacy of these vaccines, it also shows that 
fatigue and related symptoms are most probably not related to 
COVID-19 infection among this sample. On the other hand, 
post vaccination COVID-19 infection justifies the maintenance 
of additional precautionary measures such as distancing and 
the use of face masks to reduce infection rates.16 The study also 
analyzed a possible association with vaccine factors such as 
type, and date of vaccination. The only significant factor was 
vaccine type as approximately one in two of participants com
plaining of fatigue and related symptoms have received the full 
vaccination protocol of SP vaccine. Dizziness was also signifi
cantly associated with SP vaccine. When explaining the possi
ble association between a particular vaccine with symptoms of 
fatigue, caution should be practiced. Fatigue that develops after 
vaccination is basically triggered by activation of the innate 
immune system.17 Fatigue, headache, and dizziness have also 
been reported previously among recipients of human papil
loma virus (HPV) vaccines, however, the possible psychologi
cal influence of antivaccine media movement in raising 
suspicions about vaccine safety was highlighted in this case.18 

Psychological factors are not only implicated in impairing the 
immune response to vaccines but are also implicated in the 
prevalence and severity of vaccine-related side effects.19 

Moreover, mild depressive symptoms and chronic stress were 
identified as factors that prolong inflammatory responses after 
influenza and pneumococcal pneumonia vaccines in older 
adults.20,21 Further, some vaccines contain aluminum 
adjuvant,1 which was blamed for causing myalgia and fatigue 

Table 3. Cross tabulation of vaccine type for the full vaccination protocol, date of 
vaccination, gender, age groups, systemic disease category, individual systemic 
diseases, and medication history with occurrence of fatigue and fatigue-related 
adverse events among vaccinated physicians and dentists.

Sample characteristics Subjects (N, %) P value

Gender
Males 17 (36.2%) 0.342
Females 30 (63.8%)
Vaccine (protocol)
PB (n = 241) 15 (31.9%) 0.048*
AZ (n = 91) 8 (17.1%)
SP (n = 158) 23 (48.9%)
AZ-PB (n = 8) 1 (2.1%)
Age category (years)
<40 33 (9.9%) 0.609
≥40 14 (8.5%)
Systemic diseases
Yes 13 (27.7%) 0.454
No 34 (72.3%)
Asthma
No 47 (100%) 0.204
Yes 0 (.0%)
Anemia
No 43 (9.5%) 0.857
Yes 4 (8.7%)
Diabetes mellitus
No 45 (95.7%) 0.755
Yes 2 (4.3%)
Thyroid disorders
No 46 (97.9%) 0.365
Yes 1 (2.1%)
Autoimmune disease 0.647
No 47 (100%)
Yes 0 (.0%)
Mental disorders 0.186
No 45 (95.7%)
Yes 2 (4.3%)
Allergy
No 46 (97.9%) 0.340
Yes 1 (2.1%)
Cardiac
No 46 (97.9%) 0.659
Yes 1 (2.1%)
Hypertension
No 46 ((97.9%) 0.422
Yes 1 2.1%)
BMI categories 0.411
Normal 24 (51.1%)
Overweight/Obese 23 (48.9%)
Medications use 0.823
No 35 (74.5%)
Yes 12 (25.5%)

*: Statistically significant, BMI: Body mass index

Table 4. LSD post hoc tests of MANOVA of adverse events of different vaccine protocols showing only significant differences.

(I) Vaccine regimen (J) Vaccine regimen Mean Difference (I-J) Std. Error Sig.

95% Confidence Interval

Dependent Variable Lower Bound Upper Bound

Fatigue-related AEs PB SP −.08* .030 .005 −.14 −.02
Dizziness AZ SP −.03* .012 .031 −.05 .00
Fatigue PB SP −.05* .025 .050 −.10 .00

Poor concentration AZ SP .02* .010 .031 .00 .04

Based on observed means. The error term is Mean Square (Error) = .002. 
*The mean difference is significant at the .05 level.
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following immunization; however, reliable vaccine sources 
confirm that aluminum salts have been used safely in vaccines 
since the 1930s,22 and no firm causal relationship between 
persistent fatigue and aluminum adjuvants was ever 
established.23 Within the context of COVID-19 vaccines, myal
gia and arthralgia persisting for approximately six weeks were 
noticed among a group of older adults who received AZ vac
cine in Korea.24 Headache, on the other hand, may be a delayed 
presentation associated with thrombotic complications in reci
pients of adenovirus-based vaccines such as AZ.25 In this study 
all subjects complaining of headache were younger than 40  
years and headache was associated with all three types of 
vaccines, nonetheless, none complained of thrombosis, which 
may again highlight the role of immune activation in develop
ment of headache and other fatigue related symptoms. 
Furthermore, among participants who reported thrombosis, 
bleeding tendency and left arm paresthesia in this study, 
none received AZ vaccine. Poor concentration, on the other 
hand, was the only significantly associated AE with AZ vaccine. 
More research is needed to investigate the association of parti
cular vaccines such as SP vaccine with LTAEs especially that 
more countries now are authorizing the use of these vaccines.

Finally, this study showed that approximately 5% of females 
in the reproductive age reported menstrual abnormalities. 
Menstrual changes have been reported after receiving both 
mRNA and adenovirus vector covid-19 vaccines; however, 
menstrual abnormalities were temporary and short-lived, and 
no adverse effects were noticed concerning fertility.26 The use 
of other vaccines has also been associated with menstrual 
changes such as HPV vaccine.27 This is attributed to immune 
activation which could also affect SARS-CoV-2 infected indi
viduals. A recent study reported that a larger percentage of 
menstruating women infected with COVID-19 (25%) have also 
experienced menstrual disruption.28

The study has limitations. It was cross-sectional and was 
based on self-reported data that could be influenced by parti
cipant‘s prior prejudice and misinformation about vaccines. In 
addition, it was not possible to estimate response rates among 
individual professional groups of dentists and physicians. 
Moreover, although the term “long-term adverse events” was 
clearly defined within this previously validated questionnaire, 
it was not possible to ensure that all participants have 
a sufficient understanding of this definition. Nevertheless, it is 
plausible to say that data provided by participants were accu
rate and transparent taking into consideration their medical 
background and relatively long postvaccination tracking per
iod spanning approximately 10 months. Only three vaccines 
were explored in this study; however, these vaccines are among 
the first vaccines to be authorized and to be used on a wide 
scale globally. Tracking of vaccine safety should continue for 
longer durations of time, and information about other vaccines 
currently in use, should also be provided.

5. Conclusions

Approximately one in six of COVID-19 vaccine recipients may 
complain of long-term adverse events. These are mostly fatigue 
related. The results of this study indicated a wide variability of 
incidence and nature of LTAE among the three platform-based 

vaccines. Among these vaccines Pfizer-BioNtech vaccine seems 
to be the least associated with LTAEs. Future large-scale studies 
are warranted to investigate the possible role of psychological 
factors and media effects in determining perceptions toward 
vaccine adverse effects.
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