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Abstract: Vaccination against SARS-CoV-2 is an important and essential strategy to combat the 2019
coronavirus disease (COVID-19) pandemic. Vaccination has shown to be effective in reducing the
spread of SARS-CoV-2, reducing the chances of becoming infected and developing severe COVID-19,
and reducing hospitalization and mortality rates. However, the vaccinations against SARS-CoV-2
are accompanied by undesirable side effects which may be in part responsible for a reduction in the
willingness to become vaccinated. At this moment (June 2022), 24.3% of the US adult population
(18+ years old) is not fully vaccinated against SARS-CoV-2, and 49.5% did not receive their follow-up
booster vaccination. The most important motives for refusing vaccination are the unknown long-term
side effects and the known acute side effects of vaccination. Here, we discuss the importance of
recognizing the impact of this reactogenicity on individuals’ willingness to vaccinate and how the
development of effective and safe medicines that prevent or mitigate the unwanted side effects of the
vaccination may help to increase the willingness to vaccinate.

Keywords: COVID-19; SARS-CoV-2; vaccination; side effects; adverse reactions; reactogenicity;
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1. Vaccination against SARS-CoV-2

The 2019 coronavirus disease (COVID-19) has resulted in more than 6.31 million
deaths worldwide and more than 1.01 million deaths in the United States alone [1]. An
essential step to ending this pandemic is vaccination against SARS-CoV-2. The vaccines
that are currently approved by the US Food and Drug Administration (FDA) include
Spikevax (Moderna), Comirnaty (Pfizer), and the Janssen COVID-19 Vaccine (Janssen) [2—4].
The aim of vaccination against SARS-CoV-2 is to prevent the development of (severe)
COVID-19, thereby reducing the hospitalization and mortality rates. Dye [5] evaluated the
effectivity of vaccination among adults, 18+ years old, who had received at least one dose
of vaccine. In this study, the COVID-19 incidence and mortality rates in countries with very
low (0-9%), low (10-39%), medium (40-69%), and high (>70%) vaccination levels were
compared. During the primary half of 2021, when the Alpha variant of SARS-CoV-2 was
dominant, the COVID-19 mortality rate was reduced by 60%, 75%, and 81% in countries
with low, medium, and high vaccination coverage, compared with countries that had a
very low vaccination level. The reductions in new COVID-19 cases were 57%, 70%, and
80%, respectively. The impact of mortality was similar during the second half of 2021, when
the Delta variant of SARS-CoV-2 became dominant in the US, with smaller effects, however,
on incidence [6]. Next to the protection developed through a previous infection with
SARS-CoV-2, vaccination is an important tool to achieve herd immunity, i.e., a sufficient
level of immunity among the population to prevent the further spread of the virus. A
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German study reported that with the SARS-CoV-2 Omicron variant, more than 90% of the
population needed to be vaccinated in order to achieve herd immunity [7].

2. Willingness to Become Vaccinated

The effectiveness of vaccination programs depends on the willingness of individuals to
become vaccinated. However, doubts and worries can negatively influence this willingness
and may lead to vaccine hesitancy and/or even rejection [8]. In the case of the COVID-19
vaccines, these worries may concern either unknown long-term side effects or known
potential acute side effects. The concerns are further fueled by the fact that Spikevax and
Comirnaty use the relative new messenger RNA technology, which is largely unknown
to the general public, and the notion that the FDA has only approved emergency-use
authorization to use these vaccines after an exceptionally short development phase.

Indeed, the data of the US Centers of Disease Control and Prevention reveal a decrease
in the percentages of vaccination among the US population while the COVID-19 pandemic
progresses [9], with only 50.5% of the adult population (18+ years old) having received a
booster vaccination. At present (June 2022), 24.3% of the US adult population (18+ years
old) is not fully vaccinated against SARS-CoV-2, and 49.5% did not receive a booster (see
Figure 1).

Vaccination status of US population 18+ years old Vaccination status of US population 65+ years old

Received first Dose

Percentage of population

Fully vaccinated Received booster Received first Dose Fully vaccinated Received booster
(received second dose B (received second dose
or Janssen vaccine) or Janssen vaccine)

Figure 1. Percentages of the US population that received COVID-19 vaccinations. Shown are the
percentages of those who are 18+ years old (A) and those who are 65+ years old (B) that received one
or more COVID-19 vaccinations (reported on 12 June 2022). The data are from reference [9].

As defined in 2015 by the SAGE Working Group on Vaccine Hesitancy, vaccine hes-
itancy refers to a delay in acceptance or a refusal of vaccination despite the availability
of vaccination services [10]. The 3C model proposed by the working group comprises
complacency (perceiving the consequences of COVID-19 infection as low and therefore
considering vaccination as an unnecessary preventive action), convenience (the availability
and affordability of a vaccine), and confidence (e.g., trust in vaccine safety and those that
deliver them) as key factors determining vaccine hesitancy. Indeed, in relation to vacci-
nation against SARS-CoV-2, a recent study revealed that lack of vaccine confidence and
complacency explained 38% and 21% of the variance in vaccine hesitancy [11]

A frequently reported reason for the resistance and fear against vaccination is the risk
of experiencing side effects [12,13]. A representative American study revealed that 90% of
those who reject vaccination fear possible side effects from the vaccine more than they fear
COVID-19 itself [14]. In addition, European and US studies showed that fear of side effects
was an important motive in refraining from becoming vaccinated [15-17].



Future Pharmacol. 2022, 2

289

~
o
1

Percentage of vaccinated subjects
N w =3 1%
o o (=] o

o

>

[=2]
o
3

=
o
"

3. Side Effects of Vaccination

The majority of vaccinated individuals will experience one or more undesirable side
effects within the first week after vaccination. When evaluating the side effects experienced
in the first seven days after vaccination with Spikevax, Comirnaty, and the Janssen COVID-
19 Vaccine, as described in the prescribing information [2—4], it is evident that both local
and systemic side effects are frequently experienced, including pain (up to 89.9%), fatigue
(up to 67.8%), headache (up to 63.0%), myalgia (up to 61.7%), and arthralgia (up to 56.6%).
These side effects may have a negative effect on wellbeing and daily functioning (e.g., job
performance or driving) and thus on quality of life. Therefore, an effective treatment that
prevents or reduces these side effects would be beneficial to those who receive a vaccination.
In addition, such a treatment may convince those that previously rejected a vaccination to
reconsider their decision.

4. Treatment or Prevention of Vaccination Side Effects

Individuals that will have a vaccination are usually informed that possible transient
side effects disappear within a couple of days. In the US, the Immunization Action Coalition
(IAC) advises vaccinated people who experience side the effects of vaccination to apply a
cold compress to the injection site to ease local side effects such as pain and swelling [18].
Vaccinated individuals could also consider taking an OTC pain reliever to reduce pain at
the injection site or headache or an antipruritic drug to reduce itch. There is currently no
compelling evidence that antipyretic or analgesic medications have a relevant negative
impact on vaccine efficacy [19,20].

Although there are existing treatments used against some of the side effects (e.g.,
painkillers), it would be advisable to have more effective treatments that are effective in
reducing or preventing all side effects. Currently, the FDA has not approved any medication
specifically for the purpose of reducing or preventing vaccination side effects. However,
there is a clear need among vaccinated individuals for effective treatments for the side
effects of vaccination. The studies described in the prescribing information of Spikevax,
Comirnaty, and the Janssen COVID-19 Vaccine illustrate this need, as these reported the
use of antipyretic and/or pain medication by up to 57.3% of the individuals that were
vaccinated (see Figure 2).

Use of antipyretic or pain medication Use of antipyretic or pain medication
(Aldult study population) (Older study population)
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Figure 2. The use of antipyretic or pain medication to treat SARS-CoV-2 vaccination side effects.
The use of antipyretic or pain medication is within the first seven days after vaccination for adults
(A) and older subjects (B). Note: across the studies, different age ranges were used for the samples of
adult subjects (Spikevax: 18-64 years old; Comirnaty: 16-55 years old; Janssen: 18-59 years old) and
elderly subjects (Spikevax: 65+ years old; Comirnaty: 56+ years old; Janssen: 60+ years old). The data
are from the references [2—4].
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Side effects of vaccination occur because the vaccine has triggered an immune response
against SARS-CoV-2. Interestingly, the number of reported side effects is higher after the
second dose [2-4]. This is likely due to the fact that the body recognizes the vaccine
from the first vaccination and then produces a more robust immune response after the
second vaccination. In line with this, the percentage of people that used antipyretic or
pain medication after vaccination was much higher after the second dose than the first
dose [2—4]. Surprisingly, there is no scientific data published showing to what extent the
use of antipyretic or pain medication was actually effective in reducing or preventing
vaccination side effects.

Currently, in the US there is no treatment registered for the prevention or reduction
of vaccination side effects. However, a new drug, SJP-003, is being developed to prevent
or reduce vaccination side effects [21]. SJP-003 is a combination of a non-steroid anti-
inflammatory drug, NSAID (naproxen), and an antihistamine drug (fexofenadine). Both
drugs are available over the counter (OTC) and have a long track record of safety and
efficacy. Recent research showed that the combination of NSAID (indomethacin) and an
antihistamine drug (ketotifen) had synergistic antiviral effects against SARS-CoV-2 [22]. It
is therefore believed that SJP-003 may also be more effective in preventing or reducing the
side effects of vaccination than when the drugs are taken alone. Case reports have been
published suggesting the efficacy of SJP-003 in preventing and reducing side effects after
receiving an influenza vaccination [21] and after receiving multiple travel vaccinations [23].
Future double-blind, placebo-controlled clinical trials should examine the efficacy of SJP-003
in the prevention of side effects associated with vaccination against SARS-CoV-2.

5. Discussion

Immune fitness, i.e., the inbuilt capacity to adapt to external health challenges by
establishing, maintaining, and regulating an appropriate immune response, is a key factor
in health and disease [24]. Recent publications revealed that in terms of pandemic pre-
paredness, maintaining an adequate immune fitness is essential to reducing the presence
and severity of SARS-CoV-2 symptoms [25,26], and adequate immune fitness may reduce
the risk of becoming infected with SARS-CoV-2. Vaccination is another important strategy
for reducing the number SARS-CoV-2 infections, hospitalizations, and mortality rates due
to COVID-19. To achieve herd immunity, it is important that vaccination rates are high.
Unfortunately, COVID-19 vaccinations have some potentially acute side effects that may re-
duce the willingness to become vaccinated, and there are currently no treatments approved
by the FDA to reduce or prevent vaccination side effects. Although the use of antipyretic or
pain medication to reduce vaccination side effects is common (see Figure 2), the reported
data do not reveal to what extent the used medication was effective [2—4].

The availability of an effective and safe drug to prevent or minimize vaccination side
effects would have several advantages. First of all, the individuals that receive a vaccination
could benefit from such a medication by experiencing less or no vaccination side effects.
This will increase the likelihood that they will also take follow-up boosters and other
vaccinations. Secondly, individuals that currently hesitate to become vaccinated due to
the fear of vaccination side effects might reconsider their decision. As such, an effective
medicine could increase the willingness to become vaccinated among the general public.
Preferably, such a medicine should be available OTC. If no prescription is needed, the time
and effort of obtaining a safe and effective therapeutic would not pose a burden on the
healthcare system. OTC drugs have a long-standing and well-known safety record, which
will further enhance the willingness to use these drugs.

In conclusion, the availability of an effective and safe medicine that prevents acute
vaccination side effects will ease the vaccination experience of those who become vaccinated
and could increase the willingness to become vaccinated among those who now hesitate to
become vaccinated.
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