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Since the reports of the first cases of COVID-19, in less than 5 years a huge number of documents
regarding that disease and the coronavirus (SARS-CoV-2), responsible for the infection, have been
published. The tremendous number of scientific documents covers many topics on different issues
directly related to COVID-19/SARS-CoV-2. It includes studies about the efficacy of vaccines to
prevent the disease. However, only a comparatively low number of nonclinical studies -conducted in
experimental animals- have been focused on the potential adverse/toxic effects of the COVID-19
vaccines. The present review was aimed at revising the scientific literature regarding the studies in
laboratory animals on the toxic/adverse effects of COVID-19 vaccines. In addition, the investigations
reported in those specific toxicology journals with the highest impact factors have been examined
one by one. The results of the present review indicate that most nonclinical/experimental studies on
the adverse/toxic effects of the COVID-19 vaccines and/or potential candidates showed -in general
terms- a good safety profile. Only in some animal studies were certain adverse effects found.
However, a rather surprising result has been the limited number of available (in the databases
PubMed and Scopus) nonclinical studies performed by the companies that have been the largest
manufacturers of mRNA vaccines in the world. Why these studies -assuming, of course, that they
were conducted- have not been published in scientific journals, allowing the judgment of the

international scientific community, including toxicologists?
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1. Introduction

Without a doubt, at the public health level, the world impact of the coronavirus disease (COVID-19),
the infectious disease caused by the SARS-CoV-2 virus, has been huge and massive. From a scientific
point of view, the COVID-19 pandemic has generated an incomparable -and unprecedented- number
of documents/articles/papers published -both per year and globally- in a period of less than 5 years.
On June 12, 2024, the PubMed (https://pubmed.ncbi.nlm.nih.gov/) database showed 432,135 results
when COVID-19 was used as the search term, while 227,768 citations/abstracts were found using

SARS-CoV-2. In turn, on the same date, SCOPUS (https://www.scopus.com/) collected 343,925 and

153,183 documents for COVID-19 and SARS-CoV-2, respectively. To put these figures in context, an
interesting comparative example could be the use of “cancer” as a keyword in a search. The number of
documents included in PubMed was (on the same date) 5,118,002, but this figure covers more than 200
years of cancer research in contrast to the approximately 4.5 years elapsed since the origin of the
COVID-19 pandemic. The currently available documents on COVID-19 involve a long series of topics
related to SARS-CoV-2/COVID-19. These topics include detection, diagnosis tests and transmission,
symptoms, treatments, and sequelae of the disease, as well as severity and mortality, psychological
consequences, co-morbidities, and other important issues such as relationships of the infection with

exposure to environmental pollution, nutrition, lifestyle, etc.

Among the numerous investigations conducted on SARS-CoV-2/COVID-19, an important research
field concerns the vaccines assessed/used to prevent and/or alleviate the health effects of COVID-19.
On June 13, 2024, PubMed showed 73,354 and 46,483 documents when “COVID-19 and vaccines” or
“SARS-CoV-2 and vaccines” were respectively used as search terms. However, the available
information in scientific journals on nonclinical studies carried out to assess the potential
toxic/adverse effects derived from the administration of the vaccines approved by international
organisms is more limited. In PubMed, using “COVID-19 vaccine side effects” and “toxicity of COVID-
19 vaccines”, the number of current documents was on that date 9,684 and 491, respectively.
Interestingly, most of these publications correspond to human data, with only a reduced number
reporting results of nonclinical/animal studies. Due to the severity of the COVID-19 pandemic,
regulatory bodies authorized important reductions in terms and stages to approve the use of new
vaccines. Nevertheless, it is well established that preclinical safety evaluation is one of the key phases
in the development of new products. That evaluation should predict the safety in humans of the

clinical administration of the vaccines by detecting their potential toxicity in animals. According to the
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General Principles for the Technical Review of Preclinical Safety Evaluation of Biological Products for
Prevention (Xu and Li, 2024), the evaluation of the potential toxic reactions caused by vaccines should
mainly include the following issues: a) assessment of the direct damage to the body caused by
potentially toxic components, b) evaluation of the immune-related toxicity caused by the induced
immune system, and c) evaluation of the potential toxicity that could be caused by certain

contaminants and residual impurities.

The number of articles — including reviews — reporting adverse/side effects of the approved COVID-19
vaccines that have been mostly administered to the population is considerable. Just as an example,
here are some reviews covering a wide range of adverse/side effects that have been reported in
humans after COVID-19 vaccination: thrombotic events/thrombocytopenia (Rosenblum et al., 2021;
Marietta et al., 2022; Uzun et al., 2022; d’Almeida et al., 2023; Dalmia et al., 2023; Yasmin et al., 2023),
myocarditis/pericarditis (Pillay et al., 2022; Chary et al., 2023a), cutaneous reactions (Gubernot et al.,
2023, Bin Rubaian et al., 2023), immune-mediated effects (EISawi and Elborollosy, 2022), psychiatric
adverse events (Ryoo et al., 2024), systemic lupus erythematosus (Cahuapaza-Gutierrez, 2024),
reproductive toxicity (Ma et al., 2023; Mukherjee et al., 2023), and other miscellaneous adverse effects
(Meo et al., 2021; McColl et al., 2023; Chary et al., 2023b; Bitounis et al., 2024; Rasheed et al., 2024;
Kanuri and Sirrkay, 2024; Seyhan, 2024). In contrast, the information - available in the scientific
databases - regarding nonclinical studies on the potential toxicity/adverse effects of the COVID-19
vaccines, conducted in laboratory animals, is comparatively scarce. Taking the above into account, the
present review was aimed at revising the scientific literature regarding the studies on the
toxic/adverse effects of COVID-19 vaccines that have been carried out in experimental species of

animals.

2. Search strategy

For preparing this review, PubMed (https://www.ncbi.nlm.nih.gov/pubmed/) and Scopus

(https://www.scopus.com) were used as scientific databases. The search was carried out using the

following terms: “side effects of COVID-19 vaccines in experimental animals”, “toxicity of COVID-19
vaccines”, “toxicity of COVID-19 vaccines in animals”, “side effects of COVID-19 vaccines in
rodents”, and “experimental toxicity of COVID-19 vaccines”. This first part of the search covered all
documents published until June 18, 2024, either in toxicology journals or in journals of any other

specialty. On the other hand, it can be expected that an important number of toxicological studies
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related to adverse/toxic effects of any new substance (not only vaccines) may be published in specific
toxicology journals. Thus, considering this, the present review has been focused on reviewing those
toxicology journals with the highest impact factors and prestige among the international community
of toxicologists. The documents on the topic here reviewed, which have been published in the most
relevant toxicology journals according to Clarivate (https://mjl.clarivate.com/home), were carefully
checked one by one. PubMed was again used as the database for searching the documents published in

each journal. The results are next presented.

3. Studies on the adverse/toxic effects of COVID-19 vaccines

published in non-specific toxicological journals

The following papers report the results of studies in which no toxic/adverse effects were observed in
laboratory animals after administration of COVID-19 vaccines. Hassan et al. (2022) investigated the
potency and toxicity of three PastoCoAd candidate COVID-19 vaccines, which were developed against
SARS-CoV-2 using adenoviral vectors (containing the full-length S protein or the receptor-binding
domains of SARS-CoV-2 S and N proteins). The adenoviral vector toxicity was assessed by single and
repeated dose toxicity assays in Wistar rats that received intramuscular injections (100 pL) of
adenovectors. The potential toxicity was also examined in mice and guinea pigs, while local tolerance
was tested in guinea pigs. No significant toxic effects were found in the brain, lung, heart, and liver, as
well as in muscles -at the injection site- in both species of animals used in that study. In turn, Abdoli
et al. (2022) determined the efficiency and safety of an inactivated whole-virus SARS-CoV-2
candidate vaccine (BIVi-Covlran vaccine) in various species of animals: BALB/c mice, Guinea pigs,
Wistar rats, New Zealand White rabbits, and non-human primates (Rhesus Macaque). For the
toxicology evaluation, the following assays were carried out: abnormal toxicity tests, single dose
toxicity and local tolerance studies, repeated dose toxicity study, and rabbit pyrogenicity test (in
rabbits). Clinical examination, clinical pathology, macroscopic evaluation of injection site, as well as
histopathology of brain, liver, kidney, spleen, heart, gonad, site of administration and inguinal lymph
node, did not show adverse effects due to the intramuscular injection of the vaccine. On the other
hand, Banihashemi et al. (2022) examined in four animal models (Syrian hamsters, mice, guinea pigs,
and New Zealand white rabbits) the safety and efficacy of a combined intramuscular/intranasal
COVID-19 vaccine candidate named RAZI-COV PARS. This is a recombinant-based vaccine where the

subunits of S1, S2, and open-state S-Trimer proteins of SARS-CoV-2 are encoded into the mammalian
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expression vector PK0oo1 to produce recombinant proteins. The safety evaluation included the
potential toxic effects following repeated doses of the vaccine and the pyrogenicity assay. The results
indicated that none of the vaccinated animals of the four species showed changes in general clinical
observations/indicators, body weight and food consumption, hematological and serum analyses, and
pathological examination of various organs. In another study carried out by Shanmugaraj et al. (2022),
the protective efficacy, safety, and toxicity of Baiya SARS-CoV-2 Vax 1 (a plant-derived SARS-CoV-2
subunit vaccine) was evaluated in mice, rats, and cynomolgus monkeys. The results showed that
intramuscular injections of the vaccine were well tolerated. It did not cause adverse clinical symptoms
or toxic effects on internal body organs, as well as on physiological functions of the animals under the
conditions of that study (even at the highest tested dose: 50 pg Baiya SARS-CoV-2 Vax 1). Leon et al.
(2022) assessed in captive black-footed ferrets the safety, immunogenicity, and anti-viral efficacy of
a subunit SARS-CoV-2 vaccine candidate. The CoV spike protein, particularly the receptor binding
domain, was immunogenic and could successfully protect immunized animals against challenge with
SARS-CoV-2. No morbidity or mortality were observed. Moreover, despite viral replication and
shedding in the upper respiratory tract for up to 7 days post-challenge, no other signs of clinical

disease were found in vaccinated or naive animals.

An absence of adverse effects of COVID-19 vaccines -or candidates- has been reported after
vaccination of laboratory rhesus monkeys (Oh et al., 2023a) with the BNT162b2 vaccine
(BioNTech/Pfizer), or in rhesus monkeys after intradermal injection of the SARS-CoV-2 inactivated
vaccine (Vero Cells) (Yang et al., 2023). Also, the safety assessment of RQ3013 (a broad-spectrum
mRNA vaccine against SARS-CoV-2 variants) conducted in mice, hamsters, and nonhuman primates
did not show adverse/toxic effects (Tan et al., 2023). Good immunogenicity and safety were also
observed following administration to pigs (Moros et al., 2023), mice (Barreiro et al., 2023), and
cynomolgus macaques (Prenafeta et al., 2023) of PHH-1V. PHH-1V is a COVID-19 vaccine candidate
based on a protein comprising the receptor binding domain fusion heterodimer, including the B.1.351
and B.1.1.7 SARS-CoV-2 variants. Recently, Kose et al. (2024) reported that single or repeated
injections of the SARS-CoV-2 vaccine (Vero cells) into mice did not show adverse/toxic effects on the

animals' overall clinical health, performance abilities, and kidneys.
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4. Studies published in toxicology journals

4.1. About Clarivate and Journal Impact Factors (JIF)

In Clarivate’s Journal Citation Reports of 2022 (published in 2023), the section of Toxicology included
24 journals belonging to quartile 1 (JIF Q1: the top 25% of journals in that section in the list based on
their impact factors, IF). The contents of those journals regarding the published documents on
COVID-19 vaccines specifically, or about COVID-19 in general, have been examined one by one. Only
those documents reporting studies on experimental/laboratory animals are discussed. Based on my
long experience of more than four decades working in toxicology -as a researcher and professor- I
would like to indicate that, independently of the metrics of the journal (mainly the IF), the most
popular journals for toxicologists, where most of them publish the results of studies with animals (or
also “in vitro” investigations), have been examined. Consequently, the current review has included

not only the journals belonging to the Q1 list, but also other journals listed as Q2.

4.2. Articles published in Clarivate Q1 journals

To date, using PubMed as a database, the following Q1 journals (Toxicology section) have not
published any articles reporting studies conducted in experimental/laboratory animals that could be
directly related to the assessment of the potential toxic effects of the vaccines administered for
preventing SARS-CoV-2 infection. The number of documents (named “a”) in which COVID-19 is a
keyword, as well as the number of documents (named “b”) related to experimental/laboratory studies
of the potential toxicity of COVID-19 vaccines, is next summarized (a, b), going from the journal with
the highest IF to the one with the lowest IF. These are the specific journals: Environmental Health
Perspectives (36, 0), Particle and Fibre Toxicology (2, 0), Journal of Toxicology and Environmental
Health-Part B-Critical Reviews (0, 0), Ecotoxicology and Environmental Safety (31, 0), Cell Biology
and Toxicology (4, 0), Reviews of Environmental Contamination and Toxicology (0, 0), Critical
Reviews in Toxicology (0, 0), Inflammopharmacology (122, 19), Mutation Research-Reviews in
Mutation Research (3, 0), Chemico-Biological Interactions (43, 0), Nanotoxicology (2, 0), Toxics (46,
0), Aquatic Toxicology (3, 0), Journal of Exposure Science and Environmental Epidemiology (27, 0),
Environmental Toxicology (4, 0), Environmental Toxicology and Pharmacology (10, 0), and Expert
Opinion on Drug Metabolism and Toxicology (8, 0). The information on the potential adverse/toxic

effects of COVID-19 vaccines published in the remaining Q1 journals is next summarized.
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Annual Reviews of Pharmacology and Toxicology is the journal occupying the first position in
Clarivate's section of Toxicology. This prestigious journal in the fields of pharmacology and toxicology
has published only two review papers on COVID-19, but they are not closely related to the
experimental toxicity of vaccines for SARS-CoV-2 infection (Sivaraman et al., 2021; Pandamooz et al.,
2022). The second journal in the Q1 list is Drugs. Although this journal is not included among the
“classic” toxicology journals, in PubMed, Drugs shows 42 documents in which COVID-19 is a keyword.
However, only 3 of these papers give some information -more or less- related to vaccines, although it
is mainly focused on the treatment of the disease. In a review article, Lamb (2021) summarized the
milestones in the development of BNT162b2 (Comirnaty®, BioNTech/Pfizer). This is a lipid
nanoparticle-formulated, nucleoside-modified mRNA vaccine designed for the prevention of SARS-
CoV-2 infection. The BNT162b2 mRNA COVID-19 vaccine received conditional approval in Switzerland
in December 2020 for active immunization to prevent COVID-19 in people aged 16 and over. However,
while in her review, Lamb (2021) reported data on studies about adverse events of that vaccine,
information on experimental animals is absent. In a recent review, Zhu et al. (2024) have discussed
the effectiveness, advantages, and disadvantages of authorized COVID-19 vaccines. Since 2020,
approximately 400 vaccines have been developed, with more than 13.4 billion doses of COVID-19
vaccines administered worldwide. In relation to this, Zhu et al. (2024) have stated that —like for any
new type of vaccine- safety and effectiveness are also the two most important indicators for
evaluating potential COVID-19 vaccines. The authors have indicated that despite significant progress
in the development and study of COVID-19 vaccines, various issues must be still resolved to develop a
safer, more effective, longer-lasting, and broader-spectrum vaccine against COVID-19. In their
article, information on the potential toxic effects of the vaccines conducted in laboratory animals is
not included. In another recent review article, Syed (2024) has summarized the milestones in the
development of ensitrelvir fumaric acid (Xocova®), which led to a standard approval in Japan

(November 2002) for SARS-CoV-2 infection. Again, no information about experimental toxic effects is

reported.

Archives of Toxicology is currently one of the most reputed journals for researchers in toxicology. It
has published 24 documents on COVID-19, from which 7 are directly related to COVID-19 vaccines.
The first document is a Letter to the Editor that was published by Arand (2021). At that time, he
suggested that “it might be informative to reanalyze the clinical trials and/or the post-marketing data of

the adenovirus-based vaccines to gain a better understanding of the actual correlation between infectious
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units-based dosing and protection efficacy.” The first experimental study on the topic reviewed here was
published in Arch Toxicol by Madar-Balakirski et al. (2022). These investigators assessed the safety
profile of the rVSV-AG-SARS-CoV-2-S vaccine. A series of nonclinical safety, immunogenicity, and
efficacy studies were conducted in four animal species: mice, hamsters, rabbits, and pigs. In
comparison to (unvaccinated) controls, there were no treatment-related mortalities, nor any
noticeable systemic or local clinical signs. Differences in hematology and biochemistry parameters
were unremarkable, while there were no adverse histopathological findings. It was concluded that the
rVSV-AG-SARS-CoV-2-S vaccine was safe and immunogenic in the nonclinical studies conducted in
the four species of animals. In a subsequent study conducted by the same research group (Rosner et
al., 2022), the potential toxicity, local tolerance, immunogenicity, and biodistribution of the vaccine
rVSV-AG-SARS-CoV-2-S were investigated in New Zealand white rabbits. Systemic clinical signs,
local reactions, body weight, body temperature, food consumption, ophthalmology, urinalysis,
clinical pathology, C-reactive protein, viremia, and antibody levels were monitored, while gross
pathology of organs/tissues was also carried out for biodistribution and histopathological evaluation.
The observed changes were multifocal minimal myofiber necrosis at the injection sites, as well as
increased lymphocytic cellularity in the iliac and mesenteric lymph nodes, and in the spleen. These
changes were related to the inflammatory reaction elicited and were correlated with a trend for
recovery. Based on those results, it was concluded that the rVSV-AG-SARS-CoV-2-S vaccine was not
associated with major local or systemic adverse effects. Therefore, it was considered safe. In turn, Dai
et al. (2022) evaluated the immunogenicity, biodistribution, and in vivo toxicological profiles of
AdC68-19S (a recombinant chimpanzee adenovirus serotype 68 (AdC68) vector-based vaccine
encoding the full-length spike protein of SARS-CoV-2) in rat and rhesus macaque. Rats and rhesus
macaques were intramuscularly injected with AdC68-19S up to 2 o''vp/dose or 4 o'lvp/dose, two or
three times, with a 14-day interval period, respectively. AdC68-19S was well tolerated in both species.
Only a mild and reversible interstitial inflammation of muscle was observed at the injection site, but
no signs of systemic and/or local toxicity were found. It was concluded that AdC68-19S might induce
an effective immune response with a good safety profile. On the other hand, Oh et al. (2023b)
evaluated in white rabbits the potential toxicity, local tolerance, and immunogenicity of the
intradermal vaccine candidate pGO-1002 (a non-viral DNA vaccine that expresses both the spike and
ORF3a antigens of SARS-CoV-2). Mortality and clinical signs, body weight and food consumption,

skin irritation, ophthalmology, body temperature, urinalysis, clinical pathology, as well as gross
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observations and histopathological evaluation were monitored/performed. Changes in lymphocytes,
as well as local inflammatory changes, were observed, which were considered to occur due to the
vaccine or the intradermal injection. However, systemic toxic changes were not found following
vaccine administration. It was concluded that the pGO-1002 vaccine was safe and effective under the
experimental conditions of the study. In another preclinical evaluation of a potential vaccine for
COVID-19, Park et al. (2023) assessed in rats, rabbits, and dogs the toxicity profile of HuVac-19. It is a
subunit vaccine of SARS-CoV-2 that utilizes the receptor-binding domain as an antigen. Single- and
repeated-dose studies were carried out. Although in the general toxicity and safety pharmacology
evaluations, HuVac-19 was found not to be associated with major systemic adverse effects, some
changes were observed. Thus, the repeated-dose toxicity studies in rats and rabbits showed transient
alterations in hematological and serum biochemical parameters in the adjuvant and/or vaccine
groups. However, those changes were reversed -or potentially reversible- after the recovery period.
Temporary reversible changes in absolute and relative organ weights were also detected in the
prostate of rats and in the thymus of rabbits. On the other hand, a gross exam of the injection sites in
animals treated with the adjuvant and HuVac-19 showed discoloration and foci. In turn,
histopathological examination showed granulomatous inflammation, inflammatory cell infiltration,
and myofiber degeneration/necrosis. Nevertheless, the inflammatory response was local, not being
associated with other toxicological effects. In a recent study conducted in the same laboratory, Park et
al. (2024) investigated the genotoxicity and safety pharmacology of the rVSVInd(GML)-mspSGtc
COVID-19 vaccine using micronucleus and comet assays. In addition, neurobehavioral, body
temperature, respiratory, and cardiovascular assessments were conducted in rats and beagle dogs.
Only marginal changes in the body temperature, respiratory rate, heart rate, and ECG parameters were
noted in rats and dogs, but these changes recovered within 24 hours. There were no significant
changes in the neurobehavior of the animals, while there were no increases in the number of bone

marrow micronucleated polychromatic erythrocytes or liver DNA damage.

According to the aims and scope of the journal Inflammopharmacology, that journal would not seem
to fit too well in Clarivate’s section of Toxicology. However, as indicated on the website of the journal,
one of the seven main interest areas is: “The Safety and efficacy of Non-prescription (OTC) and
prescription NSAIDs and Analgesics”. Probably, that is the reason for its inclusion in the Toxicology
section of Clarivate. Thus, the search in PubMed, using COVID-19 as a keyword, found 122 documents.

Among these, 19 are -more or less- related to COVID-19 vaccines. However, most of these articles are
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out of the scope of the current review. Although including vaccines, they mainly refer to possible
preventive options for COVID-19 (Sebok and Gyires, 2023; Vitiello et al, 2021), or to the
immunogenicity and safety in humans of some COVID-19 vaccines (Batibay et al., 2022). Only a review
article includes some comments on the safety of mRNA vaccines (Vitiello and Ferrara, 2021). These
authors stated that —at the time of their review- clinical data were showing very good efficacy of
mRNA vaccines, as well as acceptable safety against COVID-19. These authors also indicated that
further clinical data were still urgently needed to clarify important questions on vaccination. In that

review, there were no data regarding experimental/laboratory studies with the vaccines.

The journal Toxicology has published (PubMed) 8 papers in which COVID-19 is a keyword. Only one
study was aimed at investigating the safety of a potential COVID-19 vaccine. In a repeated-dose
toxicity and local tolerance study in rats, Oliva-Hernandez et al. (2022) assessed the safety profile of
FINLAY-FR-02. It was a vaccine candidate against SARS-CoV-2, whose active ingredient is the

recombinant receptor binding domain monomer (mRBD) conjugated to tetanus toxoid. Animals were

monitored for the following milestones: clinical signs, pain, and body weight; water and food
consumption; temperature; muscular diameter at the injection site; dermal irritability; blood
chemistry; immunological response and immunotoxicity; and histopathology. The results did not
show clinically relevant changes, pain and local effects, adverse systemic toxicological changes, or an

increased mortality. Therefore, Finlay-FR-02 was considered safe in rats.

According to PubMed, using COVID-19 as a keyword, the journal Food and Chemical Toxicology has
published 36 documents on the topic. Among these, 5 are directly related to SARS-CoV-2 vaccination.
In the first paper, Huang et al. (2021) reported the results of a study aimed at evaluating in rats the
toxicity and potential adverse effects of an inactivated SARS-CoV-2 vaccine (Vero cells) after multiple

intramuscular injections. The following parameters were monitored: water and food intake, body

weight, hematology, and serum biochemistry, CD4* T cell and CD8* T cell determination, and
antinuclear and neutralizing antibody detection. Gross and histopathological examinations of various
organs were also carried out. The results did not show any significant signs of obvious toxic effects. In
February 2022, Food Chem Toxicol published a call for papers on the potential toxic effects of COVID-
19 vaccines (Domingo, 2022). That call encouraged researchers to submit the results of their
investigations on the potential adverse effects of COVID-19 vaccines in order to clarify what the
toxicological risks - if any - of the already approved vaccines could be. It was stated that research on

long-term toxic/adverse effects should undoubtedly be an issue of special interest. The results of that
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call were certainly very limited, with just a few submissions. Seneff et al. (2022) published an article
on the innate immune suppression by SARS-CoV-2 mRNA vaccinations, in which they remarked that
the immune response to the mRNA vaccines was very different from that to a SARS-CoV-2 infection.
These authors questioned the safety of most administered mRNA vaccines, based mainly on various
aspects. Firstly, the subversion of innate immunity, primarily via suppression of IFN-« and its
associated signaling cascade. Secondly, the dysregulation of the system for both preventing and
detecting genetically driven malignant transformation within cells, and the consequent potential for
vaccination to promote those transformations. Thirdly, mRNA vaccination potentially would disrupt
intracellular communication carried out by exosomes. According to Seneff et al. (2022), these
disturbances could be related to neurodegenerative diseases, myocarditis, immune thrombocytopenia,
Bell's palsy, liver disease, impaired adaptive immunity, as well as impaired DNA damage response and
tumorigenesis. That was a controversial article, which -to date- has generated eight comments in
PubMed (available at: https://pubpeer.com/publications/7275D7B99CDB301C67743F214AF7512
utm_source=Chrome&utm medium=BrowserExtension&utm campaign=Chrome). The most critical
response to the article of Seneff et al. (2022) was carried out in a Letter to the Editor (initially rejected
by the Editor of Food Chem Toxicol due to various concerns, but surprisingly finally accepted by a new
Editor of that journal) written by Barriere et al. (2023). The authors of that Letter raised a series of
important concerns about the validity of the article by Seneff et al. (2022). A list of bibliography
misunderstandings was presented in the Letter, which concluded by stating that there was no
evidence of the increased risk of cancer after COVID-19 mRNA vaccination. On the other hand, Xu et al.
(2022) investigated if active small molecules contained in Ganoderma lucidum (G. lucidum) could
effectively inhibit COVID-19 through network pharmacology. G. lucidum is a functional food used in
traditional Chinese medicine, which can be used to improve the low immune function in various
diseases. After conducting several in vitro assays, it was found that lucidenic acid A, an active
component of G. lucidum, could inhibit the binding of the hACE2 receptor with the spike protein to
prevent SARS-CoV-2 infection. It was shown that the in vitro inhibitory effect of lucidenic acid A on

hACE2 binding activity had a good inhibitory effect on hACE2 with IC50 2 ymol/mL.

The journal Drug Safety is also included among the Q1 journals in the list of the Clarivate section of
Toxicology. However, in the aims and scope, it may be read that Drug Safety is the official journal of
the International Society of Pharmacovigilance. It publishes documents on issues, some of which can

be directly related to the toxicological effects of drugs. The number of documents on COVID-19
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(PubMed) is 63, with 35 of them concerning COVID-19 vaccination. Nevertheless, most papers are
related to adverse effects/events in humans (some recent examples: Raethke et al., 2023; Walton et al.,
2023; Kaur et al., 2024; Gordillo-Marafion et al., 20244, b; Caplanusi et al., 2024), while none of them
has reported results on toxic/adverse effects studies conducted in experimental/laboratory animals.
Toxins (Basel) is the last Q1 journal in the Toxicology list of Clarivate. This journal has published 21
documents in which COVID-19 is a keyword. Notwithstanding, only a review article by Gupta and
Pellett (2023) is very slightly related to the main topic of the current review. In that article, the authors
discussed the recent developments in vaccine designs, including, of course, all related to the mRNA
vaccines used to protect against SARS-CoV-2 during the COVID-19 pandemic. While the authors
commented on some of the adverse effects reported in humans, there is not any information

regarding preclinical studies conducted in laboratory/experimental animals.

4.3. Articles published in Q2 toxicology journals and other specific toxicology journals

In addition to the Q1 journals included in the toxicology list of Clarivate, the present review has also
examined the documents published in some Q2 toxicology journals, as well as other toxicology
journals that are well appreciated and respected by toxicologists. Most of these journals have a wide
diffusion in the field. They regularly publish results of general in vivo/in vitro toxicological studies. In
the quartile 2 (Q2, Clarivate), and following the decreasing impact factors (IFs) in the list, Chemical
Research in Toxicology is the first Q2 toxicology journal. In PubMed, 12 documents were found when
COVID-19 was used as a keyword, although only one article has a direct relationship with the safety of
the COVID-19 vaccines (Barda and Cerny, 2021). These authors discussed the safety of two approved
mRNA vaccines (Pfizer/BioNTech and Moderna), concluding that the experience with both vaccines
demonstrated high efficacy and safety in the first two months. Notwithstanding, no studies carried
out in experimental animals were discussed in that paper. The next examined journal was Toxicology
and Applied Pharmacology. Eighteen documents with COVID-19 as a keyword have been found in that
journal. However, only two articles (Baralic et al., 2020; Kalarikkal and Sundaram, 2021) have a
minimal relationship with COVID-19 vaccination, although without including experimental data.
Toxicological Sciences, another well-known and reputed journal, is the official journal of the US
Society of Toxicology. However, it has published only 8 documents in which COVID-19 is a keyword.
Only two of them (Yanagida et al., 2021; Babenek et al., 2022) report some information on COVID-19

vaccines, but again, none of the articles is directly related to experimental/laboratory assays on the
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potential toxic effects of the COVID-19 vaccines. In turn, Toxicology Letters has published 3 papers on

COVID-19, but none of these is related to vaccination.

From my personal point of view, one of the most informative articles on the topic reviewed in the
current paper has been published in Regulatory Toxicology and Pharmacology. Although PubMed cites
only 6 documents published in that journal with COVID-19 as a keyword, one of these, published by
Schilder et al. (2023), summarizes relevant information. These authors examined the results of
nonclinical toxicity studies of various SARS-CoV-2 vaccines, which were produced with different
manufacturing technologies. The article was mainly focused on Repeated Dose Toxicity (RDT) and

Developmental and Reproductive Toxicity (DART) studies. The European Medicines Agency (EMA)

nonclinical assessment reports for market authorizations were also evaluated. It was stated that the
information was not always publicly available, although excerpts were published in the European
Public Assessment Reports, being in the public domain. Schilder et al. (2023) found that there were no

evident adverse/toxic effects in the nonclinical SARS-CoV-2 vaccine toxicity studies. Most observed

findings were immunostimulatory effects, which together with their reversible nature, could be
considered non-adverse/toxic. The authors noted that due to the low frequency of observations -
outside of expected pharmacological inflammatory responses - and their species-specificity, there
would be limited added and translational value of product-specific nonclinical studies for SARS-CoV-
2 vaccines. In conclusion, in vivo animal toxicity testing would show only a limited value in
establishing the safety of vaccines, being the vaccine-induced effects strongly species-specific.
Another interesting article published in the same journal was written by Baldrick (2022). This author
analyzed whether the number and types of studies normally needed for regulatory agency
authorization of vaccines, biologicals (mAbs), and small molecules for patient use had been reduced

for COVID-19 therapies. Six vaccines, 7 monoclonal antibodies, and 4 small molecule therapies were

included in the study. It was noted that for 6 compounds showing potential utility against SARS-CoV-
2, general toxicity studies along with PK studies for mAbs and small molecules, and reproductive
toxicity testing for vaccines and small molecules, as well as genotoxicity testing for small molecules,
were carried out. The analyzed data suggested that generally, the number of nonclinical studies was
appropriate. On the other hand, among the 3 documents published in the journal Neurotoxicology
regarding COVID-19, one of them (da Luz et al., 2022) gives data that could have been of interest for
the development of COVID-19 vaccines. Thus, da Luz et al. (2022) evaluated in two strains of mice the

toxicity of the SARS-CoV-2-derived peptide (called PSPD-2002). It was found that exposure of mice to
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PSPD-2002, a peptide derived from the spike protein of SARS-CoV-2, induced alterations involving
redox and cholinesterasic homeostasis in the brains of animals. It was especially evident in C57Bl/6
mice, whose IBRv2 value was higher than that found in Swiss mice. The results of that investigation
showed the importance of evaluating not only the susceptibility of different mammal species to viral
infection (as well as their roles in the dissemination of COVID-19) but also their responses to exposure

to viral particles.

Reproductive Toxicology has published 17 documents on COVID-19, from which 4 are related to the
safety of COVID-19 vaccines. Bowman et al. (2021) carried out a study in rats aimed at evaluating the

non-clinical developmental and reproductive toxicity of BNT162b2 (Pfizer vaccine). A dose of 30 pg

mRNA/dose (which was equivalent to >300 times the human dose expressed on a mg/kg basis) was
administered intramuscularly to 44 female rats, 21 and 14 days prior to mating, as well as on gestation
days 9 and 20. One-half of the animals were subjected to cesarean section and full fetal examination at
the end of gestation. The other half of the rats were allowed to deliver, being monitored to the end of
the lactation period. No adverse effects of the vaccine on female mating performance, fertility, or any
ovarian or uterine parameters were observed. There were also no toxic/adverse effects on embryo-
fetal development, postnatal survival, growth, or the development of the offspring at the end of
lactation. In turn, Stebbings et al. (2021) assessed the potential adverse effects of AZD1222 (ChAdOx1
nCov-19, popularly known as the AstraZeneca COVID-19 vaccine) on the fertility and reproduction of
female mice during the embryofetal development phase, as well as on postnatal development during
the littering phase. No vaccine-related adverse/toxic effects on female reproduction, fetal/pup
survival, and fetal external, visceral, and skeletal alterations were observed. No significant differences
with controls in physical development, and no abnormal gross pathology findings were found in pups
and dams. On the other hand, Dubé et al. (2022) evaluated in rats the pre- and postnatal effects of
AS03, a developed recombinant plant-derived virus-like particle vaccine candidate for COVID-19
(CoVLP). ASo03-adjuvanted CoVLP was intramuscularly administered to female rats before
cohabitation 8 and 22 days prior to mating, and on gestation days 6 and 19. The potential adverse
effects of ASo03-adjuvanted CoVLP were evaluated on pregnant animals and on embryofetal
development, parturition, and lactation. The development of the F1 offspring up to weaning was also
evaluated. The results did not show adverse effects of the vaccine candidate on the fertility and
reproductive performance of the vaccinated rats. Moreover, no evidence of adverse effects on

embryofetal development/teratogenicity or the pre-weaning development of the F1 offspring was
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observed. The last article published in Reproductive Toxicology regarding maternal-fetal outcomes of
COVID-19 vaccines is a review written by Piekos et al. (2022), which was focused on providing
recommendations for vaccination against COVID-19 during pregnancy. It was concluded that, based

on the reports published until that time, approved vaccines were safe and effective in pregnant people.

Clinical Toxicology is defined as an international journal aimed at publishing research on the various
aspects of clinical toxicology, including the diagnosis and treatment of poisoning. This journal has
published 45 articles on COVID-19, but in fact only one (Tadfor et al., 2023) has reported adverse
reactions after administration of COVID-19 vaccines. However, that observational study was based on
the reports in humans collected by the New Mexico poison center hotline, not including data in
laboratory animals. The report included 638 adverse drug reaction cases, which implicated these
brands: Pfizer BNT162b2 (46.6%), Moderna mRNA-1273 (43.41%), and Janssen Ad26.COV2.S (8.78%).
It was concluded that most complaints concerned systemic reactions, with reaction differences among
vaccine brands (between the first and second doses for some effects) and selected recurrent events. In
turn, the Journal of Applied Toxicology has published only two papers on COVID-19, reporting one of
them the results of a non-clinical safety assessment of an mRNA COVID-19 vaccine candidate. In that
study, Broudic et al. (2024) evaluated in rabbits and mice the potential toxicity and biodistribution of
MRT5500 (an mRNA vaccine encoding for the full-length of the SARS-CoV-2 spike protein), which is
delivered by lipid nanoparticles containing a novel ionizable lipid, Lipid-1). In a toxicity study, rabbits
received 3 intramuscular injections of MRT5500 at 3-week intervals, followed by a 4-week
observation period. In an exploratory biodistribution study, mice received a single intramuscular
injection of an mRNA encoding luciferase encapsulated in an LNP containing Lipid-1. The results of
both studies showed that the MRT5500 vaccine was safe and well-tolerated, while the biodistribution
data demonstrated that the components of the MRT5500 vaccine formulation were predominantly
observed at the injection site and in the draining lymph nodes. On the other hand, among the 21
documents related to COVID-19 published in the journal Immunopharmacology and
Immunotoxicology, only one of them concerns potential adverse effects of SARS-CoV-2 vaccines.
Thus, Huang et al. (2022) evaluated in guinea pigs whether repeated intramuscular administration
(three times, once every other day) of inactivated SARS-CoV-2 vaccine (Vero cells) could induce active
systemic anaphylaxis, while the potential degree of severity was also evaluated. Twenty-four animals
were divided into four groups. The inactivated SARS-CoV-2 vaccine group received inactivated SARS-

CoV-2 vaccines (challenge dose: 200 U in 1 mL/animal). On days 14 and 21 after the final priming
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injection, a challenge test was conducted. One-half of the guinea pigs in each group received
intravenous injections with twice the dose and volume of the substance used for immunization. No
deaths, abnormal reactions at the injection site, clinical symptoms, or differences in body weight were
found between the control groups and the group receiving the inactivated SARS-CoV-2 vaccine.

Allergic reactions were not observed either.

The journal Toxicology In Vitro has published 3 documents regarding COVID-19. One of these
(Viskupicova et al., 2023) reports the results of a screening of scientific databases for compounds with
activity against SARS-CoV-2 MP'© (main protease). The candidates were subsequently evaluated for
their potential anti-inflammatory and/or antibacterial properties. Although some low-toxic
inhibitors with antibacterial and anti-inflammatory effects were identified, it was also noted that side
effects of some drugs could worsen COVID-19 treatment, with specific toxicities being key properties
for drug candidates. Ten documents on COVID-19 are cited in PubMed corresponding to the journal
Toxicologic Pathology. Among these, two papers report data of studies carried out in laboratory
animals. Ramot et al. (2021) evaluated the systemic toxicity and local tolerance of the TKSB01 plasmid
in Sprague Dawley rats, delivered intramuscularly and followed by electroporation. The TKSBo1
plasmid is a vaccine (pTK1A-TPA-SpikeA, named COVID-eVax) that encodes a secreted monomeric
form of SARS-CoV-2 S protein receptor-binding domain. Rats were sacrificed 2 days and 4 weeks after
the last injection (days 30 and 57, respectively). Neither mortality nor signs of toxicity were found,
including injection site reactions. Histopathological examination showed muscle fiber necrosis
associated with subchronic inflammation at the injection sites. Specifically, it occurred at day 30, but
with a clear trend for recovery at day 57. In a subsequent study, Ramot et al. (2022) assessed the
systemic toxicity and local tolerance of the Ci-cell-expressed receptor-binding domain (C1-RBD)
SARS-CoV-2 vaccine in New Zealand white rabbits, following repeated intramuscular injections of the
compound. All animals were monitored for systemic clinical signs and local reactions, body weight
and body temperature changes, blood for clinical pathology, urine analysis, and measurements of food
consumption during the study period. Ten animals from each treatment group were sacrificed 24 days
after the first injection, while the remaining 10 rabbits in each group were killed 42 days after the first
injection. The results did not show local or systemic toxicity. It was concluded that the C1 SARS-CoV-2
RBD vaccine candidate, which was not associated with any relevant systemic adverse effects, would be
safe following four repeated vaccination (intramuscular injections) sessions. Finally, two “classic”

toxicology journals, Basic & Clinical Pharmacology & Toxicology and Human and Experimental
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Toxicology, have not published any articles directly focused on the potential toxicity of COVID-19
vaccines, with 17 and 3, respectively, being the number of documents on COVID-19 included in

PubMed for these journals.

In addition to the documents found in the Clarivate Q1 and Q2 toxicology journals, other journals not
specifically aimed at publishing toxicological -or closely related- studies, various articles reporting
the results of nonclinical investigations that focused on assessing potential toxic/adverse effects of
COVID-19 vaccines were found in PubMed/Scopus. The following articles respond to that search. Li et
al. (2022) investigated in Balb/c mice whether there were differences in the cardiac pathology induced
by intravenous (IV) or intramuscular (IM) injections of the BNT162b2 mRNA COVID-19 vaccine
(Pfizer/BioNTech) in comparison to 0.9% saline injections. That study was carried out considering
that post-vaccination myopericarditis had been reported to occur potentially after immunization with
COVID-19 mRNA vaccines. After IV or IM injections of the vaccine or 0.9% saline (controls), clinical
manifestations and histopathological changes were assessed. Moreover, tissue mRNA expression, as
well as serum concentrations of cytokines/chemokines and troponin, were measured at different time
points. It was found that IV, but not IM, administration of the COVID-19 mRNA vaccine induced a
rapid onset of multifocal myopericarditis accompanied by elevated serum troponin, cardiomyocyte
degeneration, as well as changes in necrosis and apoptosis. Adjacent inflammatory infiltrates of
mononuclear cells, interstitial edema, and visceral pericardial calcification were also observed. In
turn, Zirkenbach et al. (2023) evaluated the potential toxic/side effects and potential side effects of
COVID-19 vaccination in different mouse strains. The mouse strain A/JOlaHsd, which is very
susceptible to the induction of autoimmune diseases, and the mouse strain C57BL/6, which is known
to be more resistant, received the mRNA vaccine BioNTech. No adverse effects related to inflammation
or heart function were observed in mice after mRNA vaccination. The results were independent of age,
gender, and the strains (more or less susceptible to the induction of experimental myocarditis).
Notwithstanding, in the experiments with vaccination and immune checkpoint inhibitor treatment,
some animals showed a low elevation of cardiac troponins in serum, as well as low scores of
myocardial inflammation. Also related to potential cardiac side effects, recently Schreckenberg et al.
(2024) investigated the effects of mRNA-based vaccines mRNA-1273 (Spikevax, Moderna) and
BNT162b2 (Comirnaty, Pfizer/BioNTech) on the function, structure, and viability of isolated adult rat
cardiomyocytes over a period of 72 hours. The results showed that both vaccines induced functional

disturbances in isolated cardiomyocytes, which corresponded pathophysiologically to
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cardiomyopathy. The observed ryanodine receptor (RyR2) impairment, as well as sustained protein
kinase activation, could significantly increase the risk of acute cardiac events. It was concluded that
although both mRNA vaccines were effective in preventing COVID-19 and its possible sequelae, the
risk—benefit ratio of this kind of vaccine should be re-evaluated considering their hidden potential

cardiotoxic effects.

A summary of the results of some of the most relevant studies discussed above is shown in Table 1.

geios.com doi.org/10.32388/QI65SP 18


https://www.qeios.com/
https://doi.org/10.32388/QI65SP

COVID-19 vaccine

Animal

Journal Main results about safety Reference
or candidate* species
mice,
No treatment-related mortalities, nor Madar-
rVSV-AG-SARS- hamsters,
Arch Toxicol any noticeable systemic, or local clinical | Balakirski
CoV-2-S rabbits,
signs were observed etal. (2022)
and pigs
New
The vaccine was not associated with
rVSV-AG-SARS- Zealand Rosner et
Arch Toxicol major local or systemic adverse effects.
CoV-2-S white al. (2022)
It was considered safe
rabbits
No signs of systemic and/or local
Rats and
toxicity were found. AdC68-19S would Dai et al.
Arch Toxicol AdC68-19S rhesus
induce an effective immune response (2022)
macaques
with a good safety profile.
Changes in lymphocytes, and local
inflammatory changes were observed,
which were considered to occur due to
Ohetal.
Arch Toxicol pGO-1002 rabbits the vaccine or intradermal injection.
(2023b)
However, systemic toxic changes were
not found following vaccine
administration.
Transient alterations in hematological
and serum biochemical parameters in
rats,
the adjuvant and/or vaccine groups Park et al.
Arch Toxicol HuVac-19 rabbits,
were noted. Those changes were (2023)
and dogs
reversed -or potentially reversible-
after the recovery period.
Only marginal changes in the body
rats, temperature, respiratory rate, heart
rvVSvind(GML)- Park et al.
Arch Toxicol beagle rate, and ECG parameters were
mspSGtc (2024)
dogs observed. The changes recovered within

2/ hours.
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COVID-19 vaccine Animal
Journal Main results about safety Reference
or candidate* species
The results did not show clinically
Oliva-
relevant changes, pain, local effects,
Toxicology FINLAY-FR-02 rats Hernandez
adverse systemic toxicological changes,
etal. (2021)
or increased mortality.
The monitored parameters, including
Inactivated SARS- various analyses and gross and
Huang et al.
Food Chem Toxicol | CoV-2 vaccine (Vero rats histopathological examinations did not
(2021)
cells) show any significant sign of obvious
toxic effects.
Review article on
Most observed findings were
nonclinical toxicity
immunostimulatory effects, which
studies of various
Regul Toxicol several together with their reversible nature, | Schilder et
SARS-CoV-2
Pharmacol species could be considered as non- al. (2023)
vaccines produced
adverse/toxic. The vaccine-induced
with different
effects are strongly species-specific
technologies
Alterations involving redox and
C57B1/6] cholinesterasic
daLuzetal.
Neurotoxicology PSPD-2002 and Swiss | homeostasis were found in the brains,
(2022)
mice being especially evident in C57Bl/6
mice
No adverse effects of the vaccine were
seen on female mating performance,
fertility, or on ovarian and uterine
parameters. There were no Bowman et
Reprod Toxicol BNT162b2 rats
toxic/adverse effects on embryo-fetal, al. (2021)
postnatal survival, growth, and on the
development of the offspring at the end
of the lactation.
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Journal

COVID-19 vaccine

or candidate*

Animal

species

Main results about safety

Reference

Reprod Toxicol

AZD1222

mice

No adverse effects were observed on
female reproduction, fetal/pup survival,
and fetal external, visceral, and skeletal
alterations. No differences with controls

were noted on physical development,
while no abnormal gross pathology

findings were found in pups and dams.

Stebbings

etal. (2021)

Reprod Toxicol

AS03-CoVLP

rats

No adverse effects of the vaccine
candidate on the fertility and
reproductive performance of the rats
were noted. There was no evidence of
adverse effects on embryofetal
development/teratogenicity, or pre-
weaning development of the F1

offspring

Dubé et al.

(2022)

J Appl Toxicol

MRT5500

rabbits

and mice

MRT5500 was safe and well-tolerated.
The biodistribution data demonstrated
that the components of the vaccine
formulation were predominantly
observed at the injection site and in the

draining lymph nodes.

Broudic et

al. (2024)

Immunopharmacol

Immunotoxicol

Inactivated SARS-
CoV-2 vaccine (Vero

cells)

guinea

pigs

No deaths, abnormal reactions at the
injection site, clinical symptoms, or
differences in body weight were found

in comparison to controls

Huang et al.

(2022)

Toxicol Pathol

TKSBo1 plasmid

rats

Neither mortality, nor signs of toxicity
were found, including injection site
reactions. Histopathological exam
showed muscle fiber necrosis associated
with subchronic inflammation at the

injection sites.

Ramot et al.

(2021)
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COVID-19 vaccine Animal
Journal Main results about safety Reference
or candidate* species
New
Ci-cell expressed The results on the adverse/toxic effects
Zealand Ramot et al.
Toxicol Pathol receptor-binding study did not show signs of local or
white (2022)
domain (C1-RBD) systemic toxicity.
rabbits

Table 1. Studies on the adverse/toxic effects of COVID-19 vaccines (or candidates) published in toxicology

journals (Clarivate Q1 and Q2).

*Details on the specific COVID-19 (or candidate) vaccines can be found in the text of this manuscript.

5. Discussion and conclusions

The current review was aimed at examining the results of nonclinical studies on the potential
toxicity/adverse effects of COVID-19 vaccines and/or possible candidates that protect against SARS-
CoV-2 infection. Only the research conducted in experimental/laboratory animals has been discussed
here. In the scientific literature, there is a tremendous number of available documents concerning
COVID-19/SARS-CoV-2. It includes specific documents on the clinical efficacy and safety of COVID-19
vaccines (and candidates). However, information regarding nonclinical/experimental studies on their

potential toxicities is comparatively very scarce.

In various sectors of the world's population, and from minute zero of the mass vaccination to prevent
SARS-CoV-2 infection, there has been concern about the efficacy of the current vaccines, but very
especially about their potential long-term side effects. This concern includes the adverse/toxic effects
of the mRNA vaccines, an issue that has generated doubts not only in some segments of the general
population, but even in a part of the scientific community. In an interesting review article on mRNA
vaccines, Banoun (2023) questioned whether the mode of action of these vaccines should classify
them as gene therapy products (GTPs), with everything that classification would entail. Based on the
adverse events reported in pharmacovigilance databases, Banoun (2023) suggested studying the long-
term expression, integration into the genome, transmission to the germline, passage into sperm,
embryo/fetal and perinatal toxicity, genotoxicity, and tumorigenicity of the COVID-19 mRNA vaccines.

The author highlighted that the long-term safety monitoring of GTPs is required over various years,
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while for vaccines, it is generally only performed over a few weeks. According to Banoun (2023), this
should not be acceptable, given the persistence of the drug product and the expressed protein. It would
explain why, regarding specifically the potential toxic/adverse effects derived from the administration
of the mRNA vaccines (approved by international organisms), the available information in scientific
journals is certainly very limited. In relation to this, a rather surprising result of the present review
has been the very scarce number of available (in PubMed and Scopus) nonclinical studies performed

by the companies that have been the largest manufacturers of mRNA vaccines in the world. If, as I

assume, safety and toxicity studies of this kind of product were carried out, why the results were not
published in scientific journals? It would have allowed the data to be subjected to the judgment of the
international scientific community, including toxicologists. Probably, it would have helped to reduce
some concerns in certain sectors. Finally, sticking specifically to the current scientific documents
available (in PubMed and Scopus), the present review indicates that -in general terms- most
nonclinical/experimental studies on the adverse/toxic effects of the COVID-19 vaccines and/or
potential candidates showed a good safety profile. Only some studies conducted in animals reported

certain adverse effects.

Conflicts of Interests

The author has no conflicts of interests to declare.

References

e Abdoli A, Aalizadeh R, Aminianfar H, Kianmehr Z, Teimoori A, Azimi E, Emamipour N,
Eghtedardoost M, Siavashi V, Jamshidi H, Hosseinpour M, Taqavian M, Jalili H (2022) Safety and

potency of BIVi-CovlIran inactivated vaccine candidate for SARS-CoV-2: A preclinical study. Rev

Med Virol 32:e€2305.
e Arand M (2021) Opinion: A serious issue with the standardization of the adenovirus-based COVID-
19 vaccines? Arch Toxicol 95:3137-3139.

« Baldrick P (2022) Development of COVID-19 therapies: Nonclinical testing considerations. Regul

Toxicol Pharmacol 132:105189.
e Banihashemi SR, Es-Haghi A, Fallah Mehrabadi MH, Nofeli M, Mokarram AR, Ranjbar A, Salman
M, Hajimoradi M, Razaz SH, Taghdiri M, Bagheri M, Dadar M, Hassan ZM, Eslampanah M, Salehi

Najafabadi Z, Lotfi M, Khorasani A, Rahmani F (2022) Safety and Efficacy of Combined

geios.com doi.org/10.32388/QI65SP 23


https://www.google.com/search?sca_esv=ba085665fbb45bd4&sca_upv=1&q=Who+is+the+largest+manufacturer+of+vaccines+in+the+world%3F&sa=X&sqi=2&ved=2ahUKEwj6nMbAi-qGAxVLaqQEHTPwDcIQzmd6BAgZEAY
https://pubmed.ncbi.nlm.nih.gov/34699647/
https://pubmed.ncbi.nlm.nih.gov/34699647/
https://pubmed.ncbi.nlm.nih.gov/34357440/
https://pubmed.ncbi.nlm.nih.gov/34357440/
https://pubmed.ncbi.nlm.nih.gov/35609793/
https://pubmed.ncbi.nlm.nih.gov/35693788/
https://www.qeios.com/
https://doi.org/10.32388/QI65SP

Intramuscular/Intranasal RAZI-COV PARS Vaccine Candidate Against SARS-CoV-2: A Preclinical
Study in Several Animal Models. Front Immunol 13:836745.

Banoun H (2023) mRNA: Vaccine or Gene Therapy? The Safety Regulatory Issues. Int J Mol Sci

24:10514.
Barali¢ K, Jorgovanovi¢ D, Zivancevi¢ K, Antonijevi¢ Miljakovi¢ E, Antonijevi¢ B, Buha Djordjevic A,

Curéi¢ M, bukié-Cosi¢ D (2020) Safety assessment of drug combinations used in COVID-19

treatment: in silico toxicogenomic data-mining approach. Toxicol Appl Pharmacol 406:115237.

Barda B, Cerny A (2021) Safety of mRNA-Based Vaccines for SARS CoV-2. Chem Res Toxicol

34:1823-1825.

Barreiro A, Prenafeta A, Bech-Sabat G, Roca M, Perozo Mur E, March R, Gonzalez-Gonzalez L,
Madrenas L, Corominas J, Fernandez A, Moros A, Cafiete M, Molas M, Pentinat-Pelegrin T, Panosa
C, Moreno A, Puigvert Molas E, Pol Vilarrassa E, Palmada J, Garriga C, Prat Cabaiias T, Iglesias-
Fernandez J, Vergara-Alert ], Lorca-Or6 C, Roca N, Fernandez-Bastit L, Rodon J, Pérez M, Segalés J,
Pradenas E, Marfil S, Trinité B, Ortiz R, Clotet B, Blanco J, Diaz Pedroza J, Ampudia Carrasco R,
Rosales Salgado Y, Loubat-Casanovas J, Capdevila Larripa S, Prado JG, Barretina J, Sisteré-Oré M,

Cebollada Rica P, Meyerhans A, Ferrer L (2023) Preclinical evaluation of a COVID-19 vaccine

candidate based on a recombinant RBD fusion heterodimer of SARS-CoV-2. iScience 26:106126.
Barriére J, Frank F, Besancon L, Samuel A, Saada V, Billy E, Al-Ahmad A, Florens N, Seitz-Polski B,
Robert J (2023) Letter to Editor "Innate immune suppression by SARS-CoV-2 mRNA vaccinations:

The role of G-quadruplexes, exosomes, and MicroRNAs'": Important concerns on the validity of

this article. Food Chem Toxicol 178:113897.

Batibay S, Ulucakdy RK, Giinendi Z, Fidan I, Bozday1 G, Gogiis FN (2022) Immunogenicity and
safety of the CoronaVac and BNT162b2 Covid-19 vaccine in patients with inflammatory rheumatic
diseases and healthy adults: comparison of different vaccines. Inflammopharmacology 30:2089-
2096.

Bebenek I, Bannister R, Dubinion J, Fortin M, Liu M, Motter AL, Rohde CM, Wrzesinski C (2022)

COVID-19 Therapeutics and Vaccines: A Race to Save Lives. Toxicol Sci 185:119-127

Bin Rubaian NF, Aljalfan AA, Almuhaidib SR (2023) Management of coronavirus disease 2019

vaccine-induced cutaneous complications: A comprehensive literature review. ] Family Community
Med 30:161-170.

Bitounis D, Jacquinet E, Rogers MA, Amiji MM (2024) Strategies to reduce the risks of mRNA drug

and vaccine toxicity. Nat Rev Drug Discov 23:281-300.

geios.com doi.org/10.32388/QI65SP 24


https://pubmed.ncbi.nlm.nih.gov/35693788/
https://pubmed.ncbi.nlm.nih.gov/35693788/
https://pubmed.ncbi.nlm.nih.gov/37445690/
https://pubmed.ncbi.nlm.nih.gov/32920000/
https://pubmed.ncbi.nlm.nih.gov/32920000/
https://pubmed.ncbi.nlm.nih.gov/34009959/
https://pubmed.ncbi.nlm.nih.gov/36748086/
https://pubmed.ncbi.nlm.nih.gov/36748086/
https://pubmed.ncbi.nlm.nih.gov/37328089/
https://pubmed.ncbi.nlm.nih.gov/37328089/
https://pubmed.ncbi.nlm.nih.gov/37328089/
https://pubmed.ncbi.nlm.nih.gov/36282425/
https://pubmed.ncbi.nlm.nih.gov/36282425/
https://pubmed.ncbi.nlm.nih.gov/36282425/
https://pubmed.ncbi.nlm.nih.gov/34735018/
https://pubmed.ncbi.nlm.nih.gov/37675215/
https://pubmed.ncbi.nlm.nih.gov/37675215/
https://pubmed.ncbi.nlm.nih.gov/38263456/
https://pubmed.ncbi.nlm.nih.gov/38263456/
https://www.qeios.com/
https://doi.org/10.32388/QI65SP

Bowman CJ, Bouressam M, Campion SN, Cappon GD, Catlin NR, Cutler MW, Diekmann J, Rohde CM,

Sellers RS, Lindemann C (2021) Lack of effects on female fertility and prenatal and postnatal

offspring development in rats with BNT162b2, a mRNA-based COVID-19 vaccine. Reprod Toxicol

103:28-35.

Broudic K, Laurent S, Perkov V, Simon C, Garinot M, Truchot N, Latour J, Désert P (2024)
Nonclinical safety assessment of an mRNA Covid-19 vaccine candidate following_repeated
administrations and biodistribution. ] Appl Toxicol 44:371-390.

Cahuapaza-Gutierrez NL (2024) Systemic lupus erythematosus following COVID-19 vaccination. A

systematic review of case reports and case series. Lupus 33:375-386.

Caplanusi I, Szmigiel A, van der Elst M, Schougaard Christiansen ML, Thirstrup S, Zaccaria C,

Cappelli B, Genov G, Straus S (2024) The Role of the European Medicines Agency in the Safety

Monitoring of COVID-19 Vaccines and Future Directions in Enhancing Vaccine Safety Globally.

Drug Saf 47:405-418.

Chary MA, Barbuto AF, Izadmehr S, Tarsillo M, Fleischer E, Burns MM (2023a). COVID-19
Therapeutics: Use, Mechanism of Action, and Toxicity (Xenobiotics). ] Med Toxicol 19:26-36.

Chary M, Barbuto AF, Izadmehr S, Tarsillo M, Fleischer E, Burns MM (2023b) COVID-19

Therapeutics: Use, Mechanism of Action, and Toxicity (Vaccines, Monoclonal Antibodies, and

Immunotherapeutics). ] Med Toxicol 19:205-218.

Dai X, Zhao W, Tong X, Liu W, Zeng X, Duan X, Wu H, Wang L, Huang Z, Tang X, Yang Y (2022)

Non-clinical immunogenicity, biodistribution and toxicology evaluation of a chimpanzee

adenovirus-based COVID-19 vaccine in rat and rhesus macaque. Arch Toxicol 96:1437-1453.

d'Almeida S, Markovic S, Hermann P, Bracht H, Peifer J, Ettrich TJ, Imhof A, Zhou S, Weiss M,
Viardot A, Rottbauer W, Dahme T (2023) Thromboembolism after Astra Zeneca COVID-19 vaccine:

Not always PF/ - antibody mediated. Hum Vaccin Immunother 19:2252239.

Dalmia S, Markovic S, Hermann P, Bracht H, Peifer J, Ettrich TJ, Imhof A, Zhou S, Weiss M, Viardot

A, Rottbauer W, Dahme T (2023) Thromboembolism after Astra Zeneca COVID-19 vaccine: Not

always PF/ - antibody mediated. Hum Vaccin Immunother 19(2):2252239.

da Luz TM, Aratjo APDC, Rezende FNE, Silva AM, Charlie-Silva I, Braz HLB, Sanches PRS, Rahman

MM, Barcel6 D, Malafaia G (2022) Shedding light on the toxicity of SARS-CoV-2-derived peptide in

non-target COVID-19 organisms: A study involving inbred and outbred mice. Neurotoxicology

90:184-196.

geios.com doi.org/10.32388/QI65SP

25


https://pubmed.ncbi.nlm.nih.gov/34058573/
https://pubmed.ncbi.nlm.nih.gov/34058573/
https://pubmed.ncbi.nlm.nih.gov/37723625/
https://pubmed.ncbi.nlm.nih.gov/37723625/
https://pubmed.ncbi.nlm.nih.gov/38315894/
https://pubmed.ncbi.nlm.nih.gov/38315894/
https://pubmed.ncbi.nlm.nih.gov/38396269/
https://pubmed.ncbi.nlm.nih.gov/38396269/
https://pubmed.ncbi.nlm.nih.gov/36525217/
https://pubmed.ncbi.nlm.nih.gov/36525217/
https://pubmed.ncbi.nlm.nih.gov/36862334/
https://pubmed.ncbi.nlm.nih.gov/36862334/
https://pubmed.ncbi.nlm.nih.gov/36862334/
https://pubmed.ncbi.nlm.nih.gov/35226134/
https://pubmed.ncbi.nlm.nih.gov/35226134/
https://pubmed.ncbi.nlm.nih.gov/35226134/
https://pubmed.ncbi.nlm.nih.gov/37655367/
https://pubmed.ncbi.nlm.nih.gov/37655367/
https://pubmed.ncbi.nlm.nih.gov/37655367/
https://pubmed.ncbi.nlm.nih.gov/37655367/
https://pubmed.ncbi.nlm.nih.gov/35395329/
https://pubmed.ncbi.nlm.nih.gov/35395329/
https://www.qeios.com/
https://doi.org/10.32388/QI65SP

Domingo JL (2022) Call for Papers on potential toxic effects of COVID-19 vaccines. Food Chem
Toxicol 160:112809.

Dubé C, Paris-Robidas S, Primakova I, Destexhe E, Ward BJ, Landry N, Trépanier S (2022) Lack of

ASo3-adjuvanted recombinant plant-derived virus-like particle vaccine candidate for COVID-19.
Reprod Toxicol 107:69-80.

ElSawi HA, Elborollosy A (2022) Immune-mediated adverse events post-COVID vaccination and

types of vaccines: a systematic review and meta-analysis. Egypt ] Intern Med 34:44.
Gordillo-Marafién M, Candore G, Hedenmalm K, Browne K, Flynn R, Piccolo L, Santoro A, Zaccaria

C, Kurz X (2024a) Lessons Learned on Observed-to-Expected Analysis Using Spontaneous Reports

During Mass Vaccination. Drug Saf. (published online) doi: 10.1007/s40264-024-01422-8.
Gordillo-Marafion M, Szmigiel A, Yalmanova V, Caplanusi I, Genov G, Olsen DB, Straus S (2024b)

COVID-19 Vaccines and Heavy Menstrual Bleeding: The Impact of Media Attention on Reporting to

EudraVigilance. Drug Saf. (published online) doi: 10.1007/540264-024-01426-4.
Gubernot D, Menis M, Whitaker B (2023) Background rates for severe cutaneous reactions in the

US: Contextual support for safety assessment of COVID-19 vaccines and novel biologics. Vaccine

41:6922-6929.

Gupta S, Pellett S (2023) Recent Developments in Vaccine Design: From Live Vaccines to

Recombinant Toxin Vaccines. Toxins (Basel) 15:563.

Hassan PM, Ali T, Saber E, Asghar A, Delaram D, Mostafa SV, Maryam S, Maryam K, Talieh S, Ali
KM, Mohammad P, Fereidoon K, Anahita B, Yury VB, Dagmar GR, Vicente VB, Alireza B, Kazem B

(2022). Potency, toxicity and protection evaluation of PastoCoAd candidate vaccines: Novel

preclinical mix and match rAds S, rAd5 RBD-N and SOBERANA dimeric-RBD protein. Vaccine

40:2856-2868.
Huang Z, Jiang Q, Wang Y, Yang J,Du T, Yi H, LiC, Li Y, Wu Z, Fan S, Liao Y, Zhang Y, Wang L, Jiang

G, Tang D, Ye Y, Wang C, Li Z, Li Z, Zhang C, Ma K, Li Q (2021) SARS-CoV-2 inactivated vaccine

(Vero cells) shows good safety in repeated administration toxicity test of Sprague Dawley rats. Food

Chem Toxicol 152:112239.
Huang Z,LiY,YiH,Wu Z,LiC, DuT, Yang J, Wang Y, Jiang Q, Fan S, Liao Y, Zhang Y, Jiang G, Ma K,

Li Q (2022) Absence of active systemic anaphylaxis in guinea pigs upon intramuscular injection of

inactivated SARS-CoV-2 vaccine (Vero cells). Immunopharmacol Immunotoxicol 44:633-640.

geios.com doi.org/10.32388/QI65SP 26


https://pubmed.ncbi.nlm.nih.gov/34990785/
https://pubmed.ncbi.nlm.nih.gov/34838689/
https://pubmed.ncbi.nlm.nih.gov/34838689/
https://pubmed.ncbi.nlm.nih.gov/34838689/
https://pubmed.ncbi.nlm.nih.gov/35607386/
https://pubmed.ncbi.nlm.nih.gov/35607386/
https://pubmed.ncbi.nlm.nih.gov/38592665/
https://pubmed.ncbi.nlm.nih.gov/38592665/
https://pubmed.ncbi.nlm.nih.gov/38607521/
https://pubmed.ncbi.nlm.nih.gov/38607521/
https://pubmed.ncbi.nlm.nih.gov/37891051/
https://pubmed.ncbi.nlm.nih.gov/37891051/
https://pubmed.ncbi.nlm.nih.gov/37755989/
https://pubmed.ncbi.nlm.nih.gov/37755989/
https://pubmed.ncbi.nlm.nih.gov/35393148/
https://pubmed.ncbi.nlm.nih.gov/35393148/
https://pubmed.ncbi.nlm.nih.gov/33901607/
https://pubmed.ncbi.nlm.nih.gov/33901607/
https://pubmed.ncbi.nlm.nih.gov/35506627/
https://pubmed.ncbi.nlm.nih.gov/35506627/
https://www.qeios.com/
https://doi.org/10.32388/QI65SP

Kalarikkal SP, Sundaram GM (2021) Edible plant-derived exosomal microRNAs: Exploiting a cross-

kingdom regulatory mechanism for targeting SARS-CoV-2.

Toxicol Appl Pharmacol 414:115425.

Kanuri SH, Sirrkay PJ (2024) Adjuvants in COVID-19 vaccines: innocent bystanders or culpable

abettors for stirring. up COVID-heart syndrome. Ther Adv Vaccines Immunother

12:25151355241228439. doi: 10.1177/25151355241228439. eCollection

Kaur U, Jaiswal A, Jaiswal A, Singh K, Pandey A, Chauhan M, Rai M, Kansal S, Patwardhan K,

Jaisawal V, Chakrabarti SS (2024) Long-Term Safety Analysis of the BBV152 Coronavirus Vaccine in

Adolescents and Adults: Findings from a 1-Year Prospective Study in North India. Drug Saf.

(published online) doi: 10.1007/540264-024-01432-6.
Kose S, Yilmaz C, Kirath K, Celebi C, Akan P, Kumas Kulualp M, Duman S, Yilmaz O (2024) Effects of

Repeated Doses of the Vero Cell Vaccine (SARS-Cov-2 Inactivated Vaccine) on Renal Functions in

Balb/C Albino Mice. J Inflamm Res 17:2851-2860.

Lamb YN (2021) BNT162b2 mRNA COVID-19 Vaccine: First Approval. Drugs 81:495-501.

Leon AE, Garelle D, Hartwig A, Falendysz EA, Ip HS, Lankton JS, Tretten TN, Spraker TR, Bowen R,

Rocke TE (2022) Immunogenicity, Safety, and Anti-Viral Efficacy of a Subunit SARS-CoV-2 Vaccine

Candidate in Captive Black-Footed Ferrets (Mustela nigripes) and Their Susceptibility to Viral

Challenge. Viruses 14:2188.
Li C, Chen Y, Zhao Y, Lung DC, Ye Z, Song W, Liu FF, Cai JP, Wong WM, Yip CC, Chan JF, To KK,
Sridhar S, Hung IF, Chu H, Kok KH, Jin DY, Zhang AJ, Yuen KY (2022) Intravenous Injection of

Coronavirus Disease 2019 (COVID-19) mRNA Vaccine Can Induce Acute Myopericarditis in Mouse

Model. Clin Infect Dis 74:1933-1950.

Ma YC, Cheng C, Yuan C, Xiang LY, Wen J, Jin X (2023) The effect of COVID-19 vaccines on sperm
parameters: a systematic review and meta-analysis. Asian ] Androl 25:468-473.

Madar-Balakirski N, Rosner A, Melamed S, Politi B, Steiner M, Tamir H, Yahalom-Ronen Y, Bar-
David E, Ben-Shmuel A, Sittner A, Glinert I, Weiss S, Bar-Haim E, Cohen H, Elia U, Achdout H, Erez
N, Rotem S, Lazar S, Nyska A, Yitzhaki S, Beth-Din A, Levy H, Paran N, Israely T, Marcus H (2022)

Preliminary nonclinical safety and immunogenicity of an rVSV-AG-SARS-CoV-2-S vaccine in

mice, hamsters, rabbits and pigs. Arch Toxicol 96:859-875.

Marietta M, Coluccio V, Luppi M (2022) Potential mechanisms of vaccine-induced thrombosis. Eur

J Intern Med 105:1-7.

geios.com doi.org/10.32388/QI65SP

27


https://pubmed.ncbi.nlm.nih.gov/33516820/
https://pubmed.ncbi.nlm.nih.gov/33516820/
https://pubmed.ncbi.nlm.nih.gov/38322819/
https://pubmed.ncbi.nlm.nih.gov/38322819/
https://pubmed.ncbi.nlm.nih.gov/38740691/
https://pubmed.ncbi.nlm.nih.gov/38740691/
https://pubmed.ncbi.nlm.nih.gov/38737106/
https://pubmed.ncbi.nlm.nih.gov/38737106/
https://pubmed.ncbi.nlm.nih.gov/38737106/
https://pubmed.ncbi.nlm.nih.gov/33683637/
https://pubmed.ncbi.nlm.nih.gov/36298743/
https://pubmed.ncbi.nlm.nih.gov/36298743/
https://pubmed.ncbi.nlm.nih.gov/36298743/
https://pubmed.ncbi.nlm.nih.gov/36298743/
https://pubmed.ncbi.nlm.nih.gov/36298743/
https://pubmed.ncbi.nlm.nih.gov/34406358/
https://pubmed.ncbi.nlm.nih.gov/34406358/
https://pubmed.ncbi.nlm.nih.gov/34406358/
https://pubmed.ncbi.nlm.nih.gov/36510860/
https://pubmed.ncbi.nlm.nih.gov/36510860/
https://pubmed.ncbi.nlm.nih.gov/35032184/
https://pubmed.ncbi.nlm.nih.gov/35032184/
https://pubmed.ncbi.nlm.nih.gov/35953336/
https://www.qeios.com/
https://doi.org/10.32388/QI65SP

McColl ER, Croyle MA, Zamboni WC, Honer WG, Heise M, Piquette-Miller M, Goralski KB (2023)

COVID-19 Vaccines and the Virus: Impact on Drug Metabolism and Pharmacokinetics. Drug Metab

Dispos 51:130-141.

Meo SA, Bukhari IA, Akram J, Meo AS, Klonoff DC (2021) COVID-19 vaccines: comparison of

biological, pharmacological characteristics and adverse effects of Pfizer/BioNTech and Moderna

Vaccines. Eur Rev Med Pharmacol Sci 25:1663-1669.
Moros A, Prenafeta A, Barreiro A, Perozo E, Fernandez A, Cafiete M, Gonzalez L, Garriga C,
Pradenas E, Marfil S, Blanco ], Cebollada Rica P, Sisteré-Oré M, Meyerhans A, Prat Cabafias T,

March R, Ferrer L (2023) Immunogenicity and safety in pigs of PHH-1V, a SARS-CoV-2 RBD fusion

heterodimer vaccine candidate. Vaccine 41:5072-5078.
Mukherjee AG, Wanjari UR, Gopalakrishnan AV, Kannampuzha S, Murali R, Namachivayam A,

Ganesan R, Renu K, Dey A, Vellingiri B, Prabakaran DS (2023) Insights into the Scenario of SARS-

CoV-2 Infection in Male Reproductive Toxicity. Vaccines (Basel) 11:510.

Oh DQP, Grothe I, Lukal H, Kreiter AK, Hoffmann M, Wegener D (2023a) Monitoring_and
immunogenicity of SARS-CoV-2 vaccination of laboratory rhesus monkeys (Macaca mulatta). Sci
Rep 13:3274.

Oh S, Jang MS, Jung KJ, Han JS, Lee H, Gil A, Jeon B, Roberts CC, Maslow JN, Kim YB, Han KH

(2023b) Preclinical safety assessment of the suction-assisted intradermal injection of the SARS-

CoV-2 DNA vaccine candidate pGO-1002 in white rabbit. Arch Toxicol 97:1177-1189.

Oliva-Hernandez R, Farifias-Medina M, Hernandez-Salazar T, Oyarzabal-Vera A, Infante-Bourzac
JF, Rodriguez-Salgueiro S, Rodriguez-Noda LM, Arranguren-Masorra Y, Climent-Ruiz Y,

Fernandez-Castillo S, G-Rivera D, Santana-Mederos D, Sanchez-Ramirez B, Garcia-Rivera D,

Valdés-Barbin Y, Vérez-Bencomo V (2022) Repeat-dose and local tolerance toxicity of SARS-CoV-
2 FINLAY-FR-02 vaccine candidate in Sprague Dawley rats. Toxicology 471:153161.
Pandamooz S, Jurek B, Meinung CP, Baharvand Z, Sahebi Shahem-Abadi A, Haerteis S, Miyan JA,

Downing J, Dianatpour M, Borhani-Haghighi A, Salehi MS (2022). Experimental Models of SARS-

CoV-2 Infection: Possible Platforms to Study COVID-19 Pathogenesis and Potential Treatments.

Annu Rev Pharmacol Toxicol 62:25-53.
Park SJ, Jang MS, Lim KH, Seo JW, Im WJ, Han KH, Kim SE, Jang E, Park D, Kim YB (2023)

Preclinical evaluation of general toxicity and safety pharmacology of a receptor-binding domain-

based COVID-19 subunit vaccine in various animal models. Arch Toxicol 97:2429-2440.

geios.com doi.org/10.32388/QI65SP 28


https://pubmed.ncbi.nlm.nih.gov/36273826/
https://pubmed.ncbi.nlm.nih.gov/33629336/
https://pubmed.ncbi.nlm.nih.gov/33629336/
https://pubmed.ncbi.nlm.nih.gov/33629336/
https://pubmed.ncbi.nlm.nih.gov/37460353/
https://pubmed.ncbi.nlm.nih.gov/37460353/
https://pubmed.ncbi.nlm.nih.gov/36992094/
https://pubmed.ncbi.nlm.nih.gov/36992094/
https://pubmed.ncbi.nlm.nih.gov/36841887/
https://pubmed.ncbi.nlm.nih.gov/36841887/
https://pubmed.ncbi.nlm.nih.gov/36683063/
https://pubmed.ncbi.nlm.nih.gov/36683063/
https://pubmed.ncbi.nlm.nih.gov/35364223/
https://pubmed.ncbi.nlm.nih.gov/35364223/
https://pubmed.ncbi.nlm.nih.gov/33606962/
https://pubmed.ncbi.nlm.nih.gov/33606962/
https://pubmed.ncbi.nlm.nih.gov/37491472/
https://pubmed.ncbi.nlm.nih.gov/37491472/
https://www.qeios.com/
https://doi.org/10.32388/QI65SP

Park SJ, Park H, Back SM, Lee YJ, Seo JW, Kim D, Lee JH, Kwak C, Han KH, Son HY, Kim YB (2024)

Genotoxicity and safety pharmacology of the rVSVInd(GML)-mspSGtc vaccine against SARS-CoV-

2 in Sprague-Dawley rats and Beagle dogs. Arch Toxicol (published online) doi: 10.1007/s00204-

024-03746-X.

Piekos SN, Price ND, Hood L, Hadlock JJ (2022) The impact of maternal SARS-CoV-2 infection and

COVID-19 vaccination on maternal-fetal outcomes. Reprod Toxicol 114:33-43.

Pillay J, Gaudet L, Wingert A, Bialy L, Mackie AS, Paterson DI, Hartling L (2022) Incidence, risk

factors, natural history, and hypothesised mechanisms of myocarditis and pericarditis following

covid-19 vaccination: living evidence syntheses and review. BMJ 378:€069445.

Prenafeta A, Bech-Sabat G, Moros A, Barreiro A, Fernandez A, Cafiete M, Roca M, Gonzalez-
Gonzalez L, Garriga C, Confais J, Toussenot M, Contamin H, Pizzorno A, Rosa-Calatrava M,

Pradenas E, Marfil S, Blanco ], Rica PC, Sisteré-Or6 M, Meyerhans A, Lorca C, Segalés J, Prat T,

March R, Ferrer L (2023) Preclinical evaluation of PHH-1V vaccine candidate against SARS-CoV-2
in non-human primates. iScience 26:107224.

Raethke M, van Hunsel F, Thurin NH, Dureau-Pournin C, Mentzer D, Kovaci¢ B, MiroSevi¢ Skvrce
N, De Clercq E, Sabbe M, Trifiro G, Luxi N, Giovanazzi A, Shakir S, Klungel OH, Schmikli S,

Sturkenboom M (2023) Cohort Event Monitoring of Adverse Reactions to COVID-19 Vaccines in

Seven European Countries: Pooled Results on First Dose. Drug Saf 46:391-404.
Ramot Y, Caselli G, Aurisicchio L, Andreini I, Marra E, Luberto L, Stoppoloni D, Pacello ML,
Monetini L, Nyska A (2021) Toxicity and Local Tolerance of COVID- eVax, a Plasmid DNA Vaccine

for SARS-CoV-2, Delivered by Electroporation. Toxicol Pathol 49:1255-1268.

Ramot Y, Kronfeld N, Ophir Y, Ezov N, Friedman S, Saloheimo M, Vitikainen M, Ben-Artzi H,

Avigdor A, Tchelet R, Valbuena Crespo N, Emalfarb M, Nyska A (2022) Toxicity and Local Tolerance

of a Novel Spike Protein RBD Vaccine Against SARS-CoV-2, Produced Using the Ci

Thermothelomyces Heterothallica Protein Expression Platform. Toxicol Pathol 50:294-307.

Rasheed N, Khan J, Yusuf A, Khan AS, Mustajab A, Majeed R, Hashmi AA (2024) AstraZeneca
COVID-19 Vaccine and Diabetes Mellitus: A Prospective Clinical Study Regarding Vaccine Side
Effects. Cureus 16:e51583.

Rosenblum HG, Hadler SC, Moulia D, Shimabukuro TT, Su JR, Tepper NK, Ess KC, Woo EJ, Mba-
Jonas A, Alimchandani M, Nair N, Klein NP, Hanson KE, Markowitz LE, Wharton M, McNally VV,

Romero JR, Talbot HK, Lee GM, Daley MF, Mbaeyi SA, Oliver SE (2021) Use of COVID-19 Vaccines

After Reports of Adverse Events Among Adult Recipients of Janssen (Johnson & Johnson) and

geios.com doi.org/10.32388/QI65SP 29


https://pubmed.ncbi.nlm.nih.gov/38607375/
https://pubmed.ncbi.nlm.nih.gov/38607375/
https://pubmed.ncbi.nlm.nih.gov/36283657/
https://pubmed.ncbi.nlm.nih.gov/36283657/
https://pubmed.ncbi.nlm.nih.gov/35830976/
https://pubmed.ncbi.nlm.nih.gov/35830976/
https://pubmed.ncbi.nlm.nih.gov/35830976/
https://pubmed.ncbi.nlm.nih.gov/37502366/
https://pubmed.ncbi.nlm.nih.gov/37502366/
https://pubmed.ncbi.nlm.nih.gov/37024736/
https://pubmed.ncbi.nlm.nih.gov/37024736/
https://pubmed.ncbi.nlm.nih.gov/34493107/
https://pubmed.ncbi.nlm.nih.gov/34493107/
https://pubmed.ncbi.nlm.nih.gov/35514116/
https://pubmed.ncbi.nlm.nih.gov/35514116/
https://pubmed.ncbi.nlm.nih.gov/35514116/
https://pubmed.ncbi.nlm.nih.gov/35514116/
https://pubmed.ncbi.nlm.nih.gov/38313879/
https://pubmed.ncbi.nlm.nih.gov/38313879/
https://pubmed.ncbi.nlm.nih.gov/38313879/
https://pubmed.ncbi.nlm.nih.gov/34383735/
https://pubmed.ncbi.nlm.nih.gov/34383735/
https://www.qeios.com/
https://doi.org/10.32388/QI65SP

mRNA COVID-19 Vaccines (Pfizer-BioNTech and Moderna): Update from the Advisory Committee
on Immunization Practices - United States, July 2021. MMWR Morb Mortal Wkly Rep 70:1094-
1099.

Rosner A, Steiner M, Melamed S, Politi B, Vitner E, Tamir H, Achdout H, Cherry L, Avraham R,
Yahalom-Ronen Y, Levy H, Beth-Din A, Stein D, Mechaly A, Fisher M, Fatelevich E, Weiss S,
Kronfeld N, Madar-Shapiro L, Nyska A, Yitzhaki S, Paran N, Israely T, Marcus H, Madar - Balakirski

N (2022) r'VSV-AG-SARS-CoV-2-S vaccine: repeated intramuscular (IM) toxicity, local tolerance,

immunogenicity and biodistribution study in NZW rabbits. Arch Toxicol 96:2329-23309.

Ryoo S, Choi M, Choi NK, Shin HS, Woo JH, Park BJ, Oh S (2024) Psychiatric adverse events

associated with the COVID-19 vaccines approved in the Republic of Korea: a systematic review.
Osong Public Health Res Perspect 15:107-114.

Schilder NKM, Tiesjema B, Theunissen PT, Rengerink KO, van der Laan JW (2023) Evaluation of

non-clinical toxicity studies of COVID-19 vaccines. Regul Toxicol Pharmacol 142:105438.
Schreckenberg R, Woitasky N, Itani N, Czech L, Ferdinandy P, Schulz R (2024) Cardiac side effects
of RNA-based SARS-CoV-2 vaccines: Hidden cardiotoxic effects of mRNA-1273 and BNT162b2 on

ventricular myocyte function and structure. Br ] Pharmacol 181:345-361.

Sebdk S, Gyires K (2023) Long COVID and possible preventive options. Inflammopharmacology

31:2807-2817
Seneff S, Nigh G, Kyriakopoulos AM, McCullough PA (2022)

Innate immune suppression by SARS-CoV-2 mRNA vaccinations: The role of G-quadruplexes,

exosomes, and MicroRNAs. Food Chem Toxicol 164:113008.

Seyhan AA (2024 ) Trials and Tribulations of MicroRNA Therapeutics. Int ] Mol Sci 25(3):1469.

Shanmugaraj B, Khorattanakulchai N, Panapitakkul C, Malla A, Im-Erbsin R, Inthawong M,
Sunyakumthorn P, Hunsawong T, Klungthong C, Reed MC, Kemthong T, Suttisan N, Malaivijitnond
S, Srimangkornkaew P, Klinkhamhom A, Manopwisedjaroen S, Thitithanyanont A,
Taychakhoonavudh S, Phoolcharoen W (2022)

Preclinical evaluation of a plant-derived SARS-CoV-2 subunit vaccine: Protective efficacy,

immunogenicity, safety, and toxicity. Vaccine 40:4440-4452.

Sivaraman H, Er SY, Choong YK, Gavor E, Sivaraman ] (2021) Structural Basis of SARS-CoV-2- and

SARS-CoV-Receptor Binding and Small-Molecule Blockers as Potential Therapeutics. Annu Rev

Pharmacol Toxicol 61:465-493.

geios.com doi.org/10.32388/QI65SP 30


https://pubmed.ncbi.nlm.nih.gov/34383735/
https://pubmed.ncbi.nlm.nih.gov/34383735/
https://pubmed.ncbi.nlm.nih.gov/35577986/
https://pubmed.ncbi.nlm.nih.gov/35577986/
https://pubmed.ncbi.nlm.nih.gov/38621764/
https://pubmed.ncbi.nlm.nih.gov/38621764/
https://pubmed.ncbi.nlm.nih.gov/37356612/
https://pubmed.ncbi.nlm.nih.gov/37356612/
https://pubmed.ncbi.nlm.nih.gov/37828636/
https://pubmed.ncbi.nlm.nih.gov/37828636/
https://pubmed.ncbi.nlm.nih.gov/37828636/
https://pubmed.ncbi.nlm.nih.gov/37344737/
https://pubmed.ncbi.nlm.nih.gov/35436552/
https://pubmed.ncbi.nlm.nih.gov/35436552/
https://pubmed.ncbi.nlm.nih.gov/38338746/
https://pubmed.ncbi.nlm.nih.gov/35697573/
https://pubmed.ncbi.nlm.nih.gov/35697573/
https://pubmed.ncbi.nlm.nih.gov/32574109/
https://pubmed.ncbi.nlm.nih.gov/32574109/
https://www.qeios.com/
https://doi.org/10.32388/QI65SP

Stebbings R, Maguire S, Armour G, Jones C, Goodman J, Maguire AK, Tang CM, Skellett V, Harris ]

(2021) Developmental and reproductive safety of AZD1222 (ChAdOx1 nCoV-19) in mice. Reprod

Toxicol 104:134-142.

Syed YY (2024) Ensitrelvir Fumaric Acid: First Approval. Drugs (published online) doi:

10.1007/840265-024-02039-Y.

Tadfor Y, Nguyen-Hua N, Bennett H, Bos AJ, Smolinske SC (2023) An observational study of

adverse drug_reactions to COVID-19 vaccines reported to the New Mexico poison center hotline.

Clin Toxicol 61:77-83.
Tan S, ZhaoJ,HuX,LiY,WuZ,LuG,YuZ,DuB,LiuY,LiL,ChenY, LiY, Yao Y, Zhang X, Rao J, Gao
G, Peng Y, Liu H, Yuan Z, Liu J, Wang Q, Hu H, Gao X, Zhou H, Yu H, Xu Y, Yu W, Feng L, Wang M,

Shan C, LuJ, Lin J (2023) Preclinical evaluation of RQ3013, a broad-spectrum mRNA vaccine against

SARS-CoV-2 variants. Sci Bull (Beijing) 68:3192-3206.

Uzun G, Pelzl L, Singh A, Bakchoul T (2022) Immune-Mediated Platelet Activation in COVID-19 and

Vaccine-Induced Immune Thrombotic Thrombocytopenia. Front Immuno1 13:837629.

Vitiello A, Ferrara F (2021) Brief review of the mRNA vaccines COVID-19. Inflammopharmacology

29:645-649.

Vitiello A, Ferrara F, Troiano V, La Porta R (2021) COVID-19 vaccines and decreased transmission of
SARS-CoV-2. Inflammopharmacology 29:1357-1360.

Viskupicova J, Rezbarikova P, Kovacikova L, Kandarova H, Majekova M (2023) Inhibitors of SARS-

CoV-2 main protease: Biological efficacy and toxicity aspects. Toxicol In Vitro 92:105640.

Walton M, Pletzer V, Teunissen T, Lumley T, Hanlon T (2023) Adverse Events Following_the

BNT162b2 mRNA COVID-19 Vaccine (Pfizer-BioNTech) in Aotearoa New Zealand. Drug Saf 46:867-

879.

Xu D, LiJ (2024) The need for development of other enterovirus vaccines in addition to EV-A71

vaccine. Hum Vaccin Immunother 20:2340854.

XuJ, Yang W, Pan Y, Xu H, He L, Zheng B, Xie Y, Wu X (2022) Lucidenic acid A inhibits the binding

of hACE2 receptor with spike protein to prevent SARS-CoV-2 invasion. Food Chem Toxicol

169:113438.

Yanagida S, Satsuka A, Hayashi S, Ono A, Kanda Y (2021) Comprehensive Cardiotoxicity Assessment

of COVID-19 Treatments Using Human-Induced Pluripotent Stem Cell-Derived Cardiomyocytes.

Toxicol Sci 183:227-239.

geios.com doi.org/10.32388/QI65SP

31


https://pubmed.ncbi.nlm.nih.gov/34324966/
https://pubmed.ncbi.nlm.nih.gov/38795314/
https://pubmed.ncbi.nlm.nih.gov/36458888/
https://pubmed.ncbi.nlm.nih.gov/36458888/
https://pubmed.ncbi.nlm.nih.gov/37993332/
https://pubmed.ncbi.nlm.nih.gov/37993332/
https://pubmed.ncbi.nlm.nih.gov/35273612/
https://pubmed.ncbi.nlm.nih.gov/35273612/
https://pubmed.ncbi.nlm.nih.gov/33932192/
https://pubmed.ncbi.nlm.nih.gov/34279767/
https://pubmed.ncbi.nlm.nih.gov/34279767/
https://pubmed.ncbi.nlm.nih.gov/37419426/
https://pubmed.ncbi.nlm.nih.gov/37419426/
https://pubmed.ncbi.nlm.nih.gov/37556109/
https://pubmed.ncbi.nlm.nih.gov/37556109/
https://pubmed.ncbi.nlm.nih.gov/38652838/
https://pubmed.ncbi.nlm.nih.gov/38652838/
https://pubmed.ncbi.nlm.nih.gov/36179993/
https://pubmed.ncbi.nlm.nih.gov/36179993/
https://pubmed.ncbi.nlm.nih.gov/34142159/
https://pubmed.ncbi.nlm.nih.gov/34142159/
https://www.qeios.com/
https://doi.org/10.32388/QI65SP

e Yang], Huo X, Jiang Q, Liao Y, Zhang C, Yu L, Wang Q, Niu T, Li C, Pi N, LiY, Zhao H, Zhang Y, Tan

Y, Liao W, Li Y, Fan S, Li Q (2023) Preclinical safety evaluation of intradermal SARS-CoV-2

inactivated vaccine (Vero cells) administration in macaques. Vaccine 41:2837-2845.
¢ Yasmin F, Najeeb H, Naeem U, Moeed A, Atif AR, Asghar MS, Nimri N, Saleem M, Bandyopadhyay D,

Krittanawong C, Fadelallah Eljack MM, Tahir MJ, Waqar F (2023) Adverse events following COVID-

19 mRNA vaccines: A systematic review of cardiovascular complication, thrombosis, and

thrombocytopenia. Immun Inflamm Dis 11(3):e807

¢ ZhuC, Pang S, Liu J, Duan Q (2024) Current Progress, Challenges and Prospects in the Development

of COVID-19 Vaccines. Drugs 84:403-423.

o Zirkenbach VA, Ignatz RM, Ottl R, Cehreli Z, Stroikova V, Kaya M, Lehmann LH, Preusch MR, Frey

N, Kaya Z (2023) Effect of SARS-CoV-2 mRNA-Vaccine on the Induction of Myocarditis in Different

Murine Animal Models. Int ] Mol Sci 24:5011.

Declarations

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

geios.com doi.org/10.32388/QI65SP 32


https://pubmed.ncbi.nlm.nih.gov/37003910/
https://pubmed.ncbi.nlm.nih.gov/37003910/
https://pubmed.ncbi.nlm.nih.gov/36988252/
https://pubmed.ncbi.nlm.nih.gov/36988252/
https://pubmed.ncbi.nlm.nih.gov/36988252/
https://pubmed.ncbi.nlm.nih.gov/38652356/
https://pubmed.ncbi.nlm.nih.gov/38652356/
https://pubmed.ncbi.nlm.nih.gov/36902442/
https://pubmed.ncbi.nlm.nih.gov/36902442/
https://www.qeios.com/
https://doi.org/10.32388/QI65SP

