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COVID-19 vaccines - common misperceptions, false claims and myths

explained

Carsten Watzl is an immunologist,
appointed professor at the University
of Dortmund, Secretary General of the
German Society for Immunology and
Editorial Board member of the European
Journal of Immunology. During the SARS-
CoV-2 pandemic Carsten became known
to the broader public through his Twitter
activities, frequent interviews in the news-
papers and appearance in a number of
talk-shows. According to Carsten, it all
started one afternoon in December 2020
when journalists from the Heute Journal
asked him to comment on the upcoming
approval of mRNA vaccines. This was also
a period of the first public debates about
the benefits and risks of vaccination,
and also a time when media began to
recognize the importance of immunology
as a discipline to combat the pandemics.
An interesting and fun fact is that from
then on, Carsten participated in over 500
interviews and achieved a record of 11
interviews in a single day.

In this article, Carsten will flag com-
mon public misconceptions about SARS-
CoV-2 and vaccinations, contrasting these
with scientific evidence, from perspective
of an immunologist.

1. COVID-19 vaccines affect fertility in
younger women

The false claim that COVID-19 vac-
cines could in any way affect fertility is
nothing new. Similar claims have been
made against other vaccines. In 2003 for
example the Polio vaccination campaign
was boycotted in northern Nigeria due to
claims that the vaccine could affect fertil-
ity [1]. More recently, similar claims were
raised against the HPV vaccine, which pro-
tects against cervical and other papilloma
virus-induced cancers. In every instance
these claims were proven to be wrong!
In case of the COVID-19 vaccines, even
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a mechanism was proposed, suggesting
a similarity between the spike protein
of SARS-CoV-2 and syncytin-1, a protein
found in the placenta. However, not only is
this similarity so weak that it cannot cause
any cross-reactivity [2], but there are also
numerous studies clearly showing that:

* COVID-19 vaccines have no effect on
female or male fertility (whereas SARS-
CoV-2 infection can negatively affect
sperm quality in men) [3].

e They are as safe and effective in
pregnant women as they are in non-
pregnant women [4].

* Vaccination during pregnancy can pro-
tect babies for the first months after
birth from hospitalization with COVID-
19 [5], and during nursing protective
antibodies but not the vaccine can be
transmitted to the baby.

Even in light of this overwhelming evi-
dence demonstrating the safety and the
benefit of the COVID-19 vaccines, which
is beautifully summarized by Viki Male
(Imperial College London) [6], these false
claims still result in vaccine hesitancy. This
may be explained by the fact that repro-
duction is such a basic evolutionary need
that even completely baseless claims can
have a strong negative effect.

2. Natural immunity is better than vac-
cination

Because of immunological memory,
prior infections can induce immunity. This
is also the case for a SARS-CoV-2 infection,
but I would not call the immunity after an
infection with a pathogenic virus ‘natural’.
This is exactly the process that is utilized
by the vaccines. However, the big differ-
ence is that vaccines induce this immunity
without the pathology that can be induced
by the infection. While vaccination can

also induce side effects in very rare cases,
it is clear by now that the risk that is asso-
ciated with vaccination is much lower than
the health risk of a SARS-CoV-2 infection
[7, 8]. While this difference is of course
much greater in the elderly, the benefits of
vaccination still outweigh the risks even in
children. Therefore, immunity by infection
comes with a greater risk than immunity
by vaccination. But is the immunity after
an infection better? The decay of neutral-
izing antibody levels is slower in individu-
als after a SARS-CoV-2 infection compared
to vaccination [9]. And the immune sys-
tem responds to all antigens of the virus
during an infection, whereas only spike-
specific responses are induced by most
vaccines. Therefore, immunity after infec-
tion can have its benefits. But it is not suffi-
cient! After an infection with variants prior
to omicron, individuals have very few if
any antibodies that can neutralize the omi-
cron variant. Vice versa, an infection with
omicron does not provide good protection
against other variants of the virus. The
best form of immunity currently known
is ‘hybrid immunity’, a result of vaccina-
tion AND infection. Three exposures to
the antigen are necessary to provide basic,
long-lasting immunity against SARS-CoV-
2 [10], but an infection, preferably after
vaccination, can only replace ONE vaccine
dose.

3. Vaccines can change the genome of a
vaccinated individual

This is another myth that is directed
against the basic evolutionary need of
genomic integrity. It is stimulated by the
fact that the mRNA vaccines are based on
genetic material and that the vector vac-
cines utilize a genetically engineered virus.
In simple terms: The likelihood that an
mRNA vaccine integrates into the genome
of cells in your body is just as low as the

www.eji-journal.eu



Eur. J. Immunol. 2022. 52: 692-694

likelihood for one of the many thousands
of mRNAs that are constantly present in
your cells to alter your genes. If there
were any elevated risks for mRNAs to
alter the genetic material of a cell, we
would constantly see mutations and can-
cers caused by this. Similarly, the risk
for an adenovirus-based vaccine to alter
your genes is just as low as the risk that
your next common cold, an infection often
caused by adenoviruses, would do so. But
these simple explanations often don’t con-
vince people. There are even publications,
trying to show integration of mRNA vac-
cines into the DNA. However, even when
one exposes a liver cell line in vitro to con-
centration of an mRNA vaccine that would
never be reached in vivo, one may be able
to find some evidence that mRNA could
be reverse transcribed into DNA, but no
evidence of integration into the genomic
DNA could be shown [11]. Additionally,
more than one year after the first mRNA
or vector-based COVID-19 vaccines were
introduced and after administration of bil-
lions of doses there is no indication that
these vaccines would alter your genes. In
contrast, the genetic material of SARS-
CoV-2, which is an RNA virus, can be
reverse transcribed and has been shown to
integrate into the genome of infected cells
in some individuals [12].

4. If vaccines work, why was I infected
after vaccination?

During an infection, B cells and T cells
that can recognize the pathogen start to
proliferate and to build up a large army
that will fight the invader. After the infec-
tion is cleared and the antigen is gone,
many of these cells will die, as it would
be non-economical for the immune sys-
tem to keep all these cells around. Only a
few cells survive in form of memory cells.
As already mentioned, vaccines induce a
similar immune response as an infection
does. Also, after vaccination, many of the
antibody-producing cells will die. There-
fore, antibody titers typically drop quite
fast within the first months after vacci-
nation. However, they stabilize to a long-
lasting antibody titer that is maintained by
antibody producing memory cells. While
such a long-lasting titer may be suffi-
cient to protect against an infection with
measles for many decades, you need quite
high antibody titers to be protected from
a respiratory infection such as with SARS-
CoV-2. As omicron carries so many muta-
tions in its spike protein, many of the
vaccine-induced antibodies cannot recog-
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nize this variant, which is the main rea-
son why protection from infection, espe-
cially with omicron, is not optimal and is
waning with time. However, the vaccines
still protect from severe disease if you do
get a breakthrough infection, as this pro-
tection is mediated by long-lived memory
cells. Therefore, vaccines do work, also
against omicron, as they protect against
severe disease!

5. If vaccines work, why do I need fre-
quent boosters?

Repeated exposure to an antigen can
re-activate memory cells and start a pro-
cess called affinity maturation, where
immunity not only gets stronger, but also
better. This is the reason why antibody
titers after the third COVID-19 vaccination
are much higher than after the second
shot, and are better equipped to neutral-
ize different variants, including omicron.
Therefore, the basic vaccination protocol
to protect against COVID-19 consists of
three vaccine doses. Of course, this protec-
tion will not last a lifetime and especially
vulnerable populations may need annual
booster doses for continued protection.
But for most healthy individuals this basic
immunity maybe all they need to protect
them against severe COVID-19 and they
will most likely refresh their immunity by
mild SARS-CoV-2 infections.

6. Coronavirus is just another respira-
tory virus similar to influenza virus

Similar to influenza, age is a major risk
factor for a SARS-CoV-2 infection. How-
ever, the big difference between these two
viruses is that almost no one had any
pre-existing immunity against SARS-CoV-
2, which resulted in a much higher case-
fatality rate in the first year of the pan-
demic. While the current omicron vari-
ant has lower intrinsic pathogenicity com-
pared to previous variants, future vari-
ants may again be as pathogenic as the
delta variant. Therefore, it is not the virus
that necessarily changes to become less
dangerous. We must change! And we are
slowly changing, mostly by vaccination-
induced immunity. Through this change
we may reach a state in the future, where
SARS-CoV-2 is indeed only as dangerous
as the flu. But when people make this
comparison, they often try to argue that
vaccinations or other non-pharmaceutical
interventions such as social distancing and
masks are not necessary. And without
vaccinations, SARS-CoV-2 would remain
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much more dangerous than the influenza
virus for many years to come.

7. Children do not need to be vacci-
nated because they develop mild dis-
ease

In my opinion it is not absolutely nec-
essary to vaccinate children, but it is very
good that we have this option. Luckily,
healthy children have a very low risk of
developing severe COVID-19. But this risk
is also not zero, as about 1 in 10.000 oth-
erwise healthy children need to be hos-
pitalized with severe COVID-19 and 3 in
10.000 infected children will develop a
paediatric inflammatory multisystem syn-
drome (PIMS), and half of them will need
to be admitted to the intensive care unit
with this condition. In contrast to this, the
risk of vaccinating children is also very
low — a mostly mild myocarditis affect-
ing 1 in 12.000 vaccinated males 12-17y
being the greatest risk (it is much lower
for males 5-11y and there is no increased
risk for females in this age group). So sim-
ply looking at these numbers it is less of
a risk to vaccinate your child as the vac-
cines protect from severe disease and from
PIMS. However, as vaccination and infec-
tion carry such a low risk, there are no
wrong decisions. But one must be clear
that the only choice a parent has is to
decide if the child gets infected with SARS-
CoV-2 with the protection of vaccines or
without.

8. All currently approved vaccines were
developed fast, so their safety is
questioned

The development of COVID-19 vac-
cines did not start with the emergence
of SARS-CoV-2. It was based on decades
of research. Take for example the mRNA
vaccines where prior research had already
established how the RNA needed to be
designed to provide efficient production of
the antigen. It was known that the RNA
needed to be modified so that it would not
overly stimulate the innate immune sys-
tem. The formulation of the lipid nanopar-
ticles was optimized not only to protect the
mRNA cargo, but also to deliver it directly
to antigen-presenting cells. Prior research
into SARS and MERS had already estab-
lished how a vaccine could protect from
the novel corona virus, that the spike pro-
tein had to be used as an antigen and that
specific mutations within this spike pro-
tein could stabilize it in a form that best
induced neutralizing antibodies [13]. All
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this prior knowledge, combined with the
ability to quickly adapt the mRNA technol-
ogy to a new antigen made it possible to
develop vaccine candidates within weeks
after SARS-CoV-2 first emerged. But also
the testing of these vaccine candidates was
much faster. Not because critical safety
steps were omitted. Regulatory authorities
sped up their approval and review pro-
cess and the pharmaceutical companies
were able to recruit phase 3 trials of up to
40.000 participants within weeks because
many people were interested in partici-
pating in these trials. Typically, recruit-
ing so many participants in a vaccine trail
can sometimes take years. And finally, the
number of infections needed to determine
the efficacy of the vaccines was quickly
reached, as the trials took place in coun-
tries and at a time with high SARS-CoV-2
infection rates.

All these are explanations for the fast
development of the COVID-19 vaccines.
But did it compromise safety? Vaccines
can have unwanted side effects. They are
caused by the immune reaction which is
induced by the vaccine. As these immune
reactions take place within weeks after
vaccination, this is the time frame where
unwanted side effects can occur. The phase
3 studies had safety data for up to two
months after the last vaccine dose, which
would be sufficient to detect possible side
effects. And these studies were very large
compared to other vaccine trials, thereby
enabling the detection of more uncommon
events. But as side effects are often very
rare, they are mostly detected upon vac-
cinating millions of people after approval
of the vaccine. Therefore, it is a strength
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of the COVID-19 vaccines, that they were
administered to many people within a
short time frame. This made it possible to
quickly detect very rare side effects that
only affect less than one in 100.000 vac-
cinated individuals. In essence, we know
more about the safety of the COVID-19
vaccines than about many other vaccines
within the same time frame.

Outlook

As vaccines are given as a prophylaxis to
healthy individuals, they not only need to
be especially safe, but vaccine uptake is
very much dependent on trust. As evident
by the examples mentioned in this article,
it is very easy to undermine this trust even
with completely unfounded or even false
claims. Therefore, open and effective com-
munication about vaccine safety and effi-
cacy is essential. Maybe some of the argu-
ments mentioned here can help you when
talking to people who have been exposed
to vaccine critical claims and are therefore
hesitant.

While the COVID-19 pandemic has cer-
tainly exposed the problem of people
who strongly oppose vaccinations, it also
has sparked a lot of public interest into
the subject of vaccines. Therefore, future
developments of novel vaccines such as
a pan-coronavirus or pan-influenza vac-
cine, or novel application routes such as
mucosal immunization have gained public
interest. It is up to us scientists to continue
to educate the public about the benefits
of vaccines as one of the greatest achieve-
ments of immunology.
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