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Keywords Abstract: The coronavirus disease 2019 (Covid-19) pandemic has been challenging the entire world
SARS- since early 2020. Due to the fact that there is no universally available treatment method along with
CoV2, the disease’s fast transmission from human to human, specific vaccine development efforts have got
MRNA a great attention. Particularly mRNA-based severe acute respiratory syndrome coronavirus 2 (SARS-
vaccines, CoV?2) specific vaccines are administrated to individuals worldwide to combat against Covid-19
conventional infection. Even though two dose mRNA vaccination provides immunity against ancestral and
vaccines, aggressive variants of SARS-CoV2 infections, rare detrimental short-time side effects and no-data
immunity availability on long-term possible side-effects along with unpredictable vaccination regime bring
hesitancy against the vaccines. Besides, the vaccination regime is still under debate among the
scientist as that whether pre-infected individuals require further vaccination and what should be the
ideal vaccination dose. In addition to mMRNA SARS-CoV2 specific vaccines, recent retrospective,
theoretical, clinical, and biochemical studies revealed that trained innate immunity and heterologous
T-cells and memory B-cells can be strong alternative to combat against SARS-CoV2 pandemic. In
this context, conventional childhood vaccines (e.g., BCG and MMR) are proposed as valuable
alternative vaccines against the pandemic with known clinical outcomes and effectivity.
Covid-19’a karst mRNA SARS-CoV2 spesifik ve Cocukluk Donemi Asilari
Anahtar Oz: 2019 yili koronavirus hastahigi (Covid-19) pandemisi 2020 yilindan beri diinya ¢apinda bir
Kelimeler sorun haline gelmistir. Evrensel olarak kabul edilmis bir tedavisinin olmayis1 ve insandan-insana
SARS-CoV?2, gecisinin hizli olmasi nedeniyle spesifik as1 gelistirme ¢aligmalar1 6nem kazanmigtir. mRNA-temelli
mRNA agilari, agir akut solunum yolu yetersizligi sendromu korovirus 2 (SARS-CoV2) asilar1 diinya ¢apinda
Klasik asilar, Covid-19’un kontrol altina alinmasia yonelik olarak en yaygin olarak kullanilan asilardir. Herne
Bagisiklik kadar iki doz mRNA asilarinin hem atasal hemde mutasyona ugramis agresif SARS-CoV2 viral
enfeksiyonlarina karst yiiksek bagisiklik sagliyor olmalarina karsin, nadir olarak goriilen kisa donem
yan etkileri ve uzun donemli olasi yan etkileri hakkinda bilgilerin mevcut olmamasi nedeniyle
agilara karst bir tereddiit mevcuttur. Buna ek olarak, asilama rejimin nasil olmasi gerektigi
bilimadalar1 arasinda hala tartisma konusudur, 6rnegin enfeksiyon gecirmis olan bireyler tekrar ast
olmali m1 ve kag doz as1 olunmasi gerekir. mRNA temelli SARS-CoV?2 asilarina alternatif olarak,
yeni yapilan retrospektif, teorik, klinik ve biyokimyasal ¢aligmalar, egitilmis dogal bagisikligin ve
heterelog T-hiicrelerinin ve hafiza B hiicrelerinin SARS-CoV?2 pandemisine karsi savasta 6nemli bir
alternatif olabilecegi dnerilmistir. Bu kapsamda, klasik ¢ocukluk dénemi agilarinin (rnegin BCG ve
MMR) pandemiye karsi bilinen klinik souglart ve etkinligi nedeniyle &nemli alternatif asilar
olduklar1 goriilmektedir.
pneumonia spread to different provinces of China,
1. INTRODUCTION followed by it spread out all over the world including the
US, Germany, Korea and Japan. By early February 2020,
By December 2019, an unknown pneumonia reported for the virus-infected-population reached to ~ 30 thousands
the 66 % workers of the Huanan Seafood Wholesale confirmed cases with 565 death [1]. Upon

Market of Wuhan. By January 2020, the unknown characterization of the virus and its global health treating
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position, world health organization (WHO) declared
pandemic of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV2) on March 12, 2020 [2]. By
April 2020, SARS-CoV2 cases were reported for over
200 countries [3]. Based on
https://www.worldometers.info/coronavirus/ open
tracker source 222,846,841 confirmed cases with
4,602,027 deaths (access data September 8, 2021) were
reported world-wide. 35 countries reported over 1
million confirmed cases, where the three highest
confirmed cases were from the US, India and Brazil.
Even though the major effect of the pandemic is visible
for older individuals, younger individuals and children
are the invisible victims of the pandemic. Closing down
the schools (A Norwegian based study revealed that
children under 14-years old do not contribute
transmission of SARS-CoV2 infection [4]), delayed
childhood vaccination and lack of healthcare services are
among the major treats to the younger individuals [5].
Therefore, the devastating effect of the pandemic is
beyond the anticipated level. Besides these, the
pandemic has caused tremendous waste accumulation
including facemasks, and cleaning of the accumulated
waste in sea and soil will be challenging as well [6]. So,
the pandemic is devastating in all aspects.

Phylogenetic analyses revealed that SARS-CoV2
belongs to p-coronaviruses genera of coronaviridae
family of Nidovirales order [7]. SARS-CoV2, with a
diameter ranged between 80-220 nm, is an enveloped
virus containing single-stranded positive sense RNA
with 26-32 kb genome [3]. Even though different
animals were claimed as to be the origin of SARS-CoV?2,
there is no consensus, and a number of scientists and
governmental authorities claim the virus is man-made
[2], which idea is supported by such other papers [8,9].
SARS-CoV?2 binds to angiotensin-converting enzyme 2
(ACE2) using its receptor binding domain (RBD),
followed by entry into the host cells via fusion [10].
Transmembrane serine protease 2 is also vital for the
virus entry [11]. Then, the RNA is released and
propagated by the host cells, where Golgi packs the
whole new viruses, and the packed viruses are released
from the host by exocytosis [12]. SARS-CoV2 evades
early innate immune response such as interferons [13],
details can be found elsewhere [14]. The virus disrupts
endothelial integrity, increases neoaginogenesis, causes
pneumonia, and endotheliopathies (resulted from
hyperinflammation and dysregulated immunity) [15].
The reason lying beneath the proinflammatory disease
state of the infection has relation with the decreased
IFN-1/-111  levels and elevated chemokine expression,
which disrupts innate immunity [16]. SARS-CoV2 can
recognize such cells other than the ones found in
respiratory system through the cellular receptors,
including  intestinal  epithelial  cells,  alveolar
macrophages, dendritic cells, renal tubules, endothelial
cells and cerebral neurons [14]. Rare outcomes of
SARS-CoV?2 infections were also reported, such as 6-
year old male with SARS-CoV2 PCR (+) developed
hyper IgG syndrome and Bell’s palsy [17]. Even though
SARS-CoV?2 infection can affect different organs at
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different levels, the pathogenicity still shares similarities.
Upon SARS-CoV2 infection, a series of changes occur
as  metabolomic, lipidomic  [18], proteomics
arrangements (as of changes in proteostasis) and in
nucleic acid metabolism and cellular signaling pathways
[19]. Molecular aspects of SARS-CoV2 infection were
studied using in vitro models and convalescent sera.
Bojkova et al (2020) showed that, based on an in vitro
study, some portions of the cluster proteins involving in
cholesterol metabolism, carbon metabolism and RNA-
modification steps (e.g. spliceosome) are altered. The
findings revealed that splicing is essential pathway
during SARS-CoV2 replication [19]. Besides, the
proteins involving in blood coagulation (e.g. D-dimer),
inflammatory response (e.g. C-reactive protein) and cell
damage (e.g. lactate dehydrogenase) are increased in
convalescent sera [20]. Lipoprotein metabolism is of
important for homeostasis, and its intermediates are
predictive biomarkers for liver conditions. Bruzzone et
al (2020) reported, based on a cohort study, the
increased convalescent sera levels of triglyceride (TG)-
high density lipoprotein (HDL), TG-intermediate density
lipoprotein (IDL), TG-low density lipoprotein (LDL)
and TG-very low-density lipoprotein (VLDL) while
increased total cholesterol (TC) content along with
decreased TC-LDL and TC-HDL and increased TC-IDL
and TC-VLDL content. Even though Apo-Al and Apo-
A2 ratio did not alter, their levels gave decrease along
with two-fold increased Apo-B and Apo-Al ratio [18],
which is possibly one of the contributors of Covid-19
related increased cardiovascular risks. Actually,
dysregulation in lipid metabolism (e.g. arachidonic acid
metabolism) is of a prerequisite for SARS-CoV2
propagation [21]. Convalescent sera levels of acetone,
acetoacetic acid and 3-hydroxybutyric acid along with
the levels of glucose (~1.7 fold), pyruvic acid, citric acid,
glutamic acid and succinic acid increased. Similarly,
phenylalanine and 2-hydroxybutyric acid levels
increased while tyrosine, histidine, isoleucine, glutamine
and methionine levels decreased. The impairment in
mitochondrial function, alteration in glucose metabolism
and increased oxidative stress agent concentration along
with dysregulated lipoprotein metabolism upon Covid-
19 infection causes liver issues [18].

SARS-Cov2 showed more aggressive transmission rate
in comparison to the other known SARS-CoVs. In
relation to the contagious character, a great effort has
been given on the development of treatment and
prevention procedures. However, no universally
accepted effective treatment procedures has been
developed [22]. Another important aspect of the applied
treatment methods that they have been altered overtime
due to the fact that either the procedures are not
effective, or they showed more detrimental character to
the patients more than SARS-CoV2 posed. Therefore,
vaccination is currently accepted as the golden approach
to overcome SARS-CoV2 pandemic. Currently mRNA-
based vaccines are more commonly utilized worldwide
to fight against the pandemic, while such other types
vaccines including inactivated virus, DNA, protein
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subunit and viral vector are either used or under
development [23,24].

Public opinion on new SARS-CoV?2 vaccines is strongly
influenced by the vaccine reliability and trustworthy of
the authorities [25-28]. Australian based study showed
that political preferences also a driving force to accept or
refuse the vaccination [29]. Immunity towards SARS-
CoV2 vaccines is not granted for lifetime, rather the
protection is less than a year [25]. It is important to note
that vaccination does not prevent individuals spread the
SARS-CoV2 infection, especially this is valid for more
aggressive ones including Delta variant [30], whose load
is similar in fully vaccinated and unvaccinated
individuals [31]. Even though there are papers claiming
that vaccination can provide herd-immunity, these
papers don’t rely on scientific evidences, and a survey
revealed that majority (71%) doesn’t either think or
know if the vaccination will bring community immunity
[32]. Even though single dose of Pfizer/BioNTech
vaccine can provide strong immunity against SARS-
CoV2 infection, Israelis left the cautions before the
vaccination developed the immunity, so the infection
started to rise. This is at first misunderstood as that
vaccination is not protective, but later the reason was
found out [33]. The studies done in the USA showed that
application of mMRNA based vaccines (Moderna and
Pfizer/BioNTech) at two-dose protects the individuals as
86% and 84% for 2-12 weeks and 13-24 weeks periods,
respectively, where the highest protection decrease was
reported as ~50% for 13-24 weeks periods in
immunocompromised individuals [34]. Besides, there is
an increasing concern that mutations can break the
adaptive immunity when the mutations altered viral
protective epitopes [25]. Therefore, there is a great effort
on how new mutations will bring new clinical
manifestations resulted from the infection [35], so
further studies will help to understand the relation
between pathogenicity and the mutations.

2. EFFECTIVENESS OF THE mRNA SARS-
COV2 VACCINES

There are two types of immunity so called as (a) innate
(or natural), (b) adaptive immunity. Innate immunity is
the first mechanism of defense system fighting against
invading pathogens through utilization of innate immune

system components including physical barriers,
enzymes, macrophages, dendritic cells, mucosal
secretions,  antimicrobial  peptides, granulocytes,

polymorphonucleocytes, natural killer (NK) cells, the
complement system, and the acute-phase proteins [36].
The power of innate immunity is that its broad and non-
specific activity relying on pattern recognition receptor
(PRP)  sensors  recognizing  pathogen-associated
molecular patterns (PAMPs) along with its ability to
trigger multiple pathways [25]. Adaptive immunity is the
acquired immunity upon pathogen infection, and specific
to the pathogen. Adaptive immunity utilizes B and T
cells, and antibodies. B- and T- cells play key roles in
defense mechanism against viral infections. B-cells are
in charge of antibody production that recognizes viral
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proteins and prevent the infection [37]. T-cells recognize
viruses through cell surface Major Histocompatibility
Complex (MHC) classes | and 1l complexed with viral
peptides. T-cells (CD8+ T cells) recognizes MHC class
I complexed with viral peptides, so they attack only the
cells in which virus is replicating; T-cells either directly
lysis the infected cells or they secrete antiviral cytokines
including IFNy, which turns into elimination of virus
propagation and prevention of the infection
development. CD4+ helper T cells recognize viral
proteins complexed with MHC Class 1I. Helper T cells
are expressed by dendritic cells, monocytes, and
macrophages. They produce cytokines including IL-2,
IL-21, IFNy and tumor necrosis factor- alpha (TNF-a).
The cytokines, then, support maturation of CD8 T cells
and B cells along with expanding their performance. It is
noteworthy to mention that elimination of different viral
infections may require involvement of either mainly B
cells or T cells [37]. Immune cells express, as part of
innate immunity, PRRs (e.g., Toll like receptors) sensors
recognizing PAMPRs. The sensor units of B cells are
membrane immunoglobulins while T cells have
receptors, all which are called antigen receptors. The
sensory units are very sensitive to the pathogens through
recognizing epitopes within the protein blocks or
subunits of the proteins. Innate immunity and adaptive
immunity works coherently to fight against any invasion
[36].

In the case of SARS-CoV2, viral RNA nucleotide
sequence is recognized by host cellular receptors
including TLR3 and TLR7, which are key to activate
natural killer (NK) cells, monocytes and IFN expression
[25]. Itis reported as that innate immunity is very critical
to control SARS-CoV2 infection [25,38,39].
Pfizer/BioNTech vaccination induced production of
IFNy at 2000 pg/mL while that was obtained as 50
pg/mL for Sinovac vaccination, which is similar to
Astrazeneca—Adenoviral vaccine [37]. Production of
IFNy is an important marker of developed immunity.
Not every SARS-CoV2 patients produce specific 1gG
antibody (an important marker of adaptive immunity
development), but still they survive, where the survival
was related to innate immunity [40]. Another important
observation was that South African variant showed
resistance to convalescent plasma and plasma of mRNA
vaccinated individuals, which may lessen the effectivity
of current vaccines [41] when the protection is thought
only from the adaptive immunity. Blood serums of the
patients having asymptomatic or symptomatic SARS-
CoV2 infection give different antibody and T-cell
presence. Many individuals develop innate and adaptive
immunization within 3-5 days while patients living
severe conditions show the development more than 15-
days from the onset of the infection [37]. From the data
provided in literature, it is clear to say that adaptive and
natural immunity are in coordination to fight against
SARS-CoV?2 infection [42].

Development of SARS-CoV2 specific T-cells is
important to fight against the infection [37]. Individuals
vaccinated with two dose Pfizer/BioNTech, who
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suffered from hemodialysis (HD), aged between 37-90
(n =72), gave average 597.0 AU/mL antibody titer,
where healthy hospital workers (HCWSs) average 800.0
AU/mL antibody titer (aged between 41-55, n=16). It
should be noted that the level of antibody titer gave
inverse relation with the age for HD patients, and 5 out
of 72 patients did not give any antibody development
[43]. HCWs (n=108) gave 123.33 U/mL (ranged
between 27.55 and 464 U/mL) anti-RBD (recognition
binding domain) 1gG values, where over 50% gave 100
U/mL anti-RBD IgG values. The mean IFNy 1513
mlU/mL (ranged between 145-2500 mlU/mL). Elderly
people (76-99, n=15) gave 217 U/mL (ranged between 3
and 500 U/mL) anti-RBD IgG values, and the mean
IFNy 1167 mIU/mL (ranged between 83-2500 mlU/mL)
[44]. It should be noted that mRNA SARS-CoV2
vaccines are specific to S1 subunit but not to RBD, so
this means the protection provided by the vaccine is
beyond the proposed mechanism.

Avidity refers to the binding strength of IgG to its target
epitope, and play crucial role in protection of individuals
against SARS-CoV2 infection [45]. Struck et al (2021)
reported that most of the SARS-CoV2 patients did not
develop completed avidity 1gG against nuclear capsid
protein (NP), RBD and S1 while two-dose vaccination
triggered development of mature 1gG against RBD and
S1. It is not common for all the SARS-CoV2 infected
patients have mature avidity 1gG against RBD, while one
dose vaccination triggered completed IgG avidity
towards RBD for the infected individuals [45].
Individuals have incomplete avidity 19gG towards RBD
can trigger enhanced destruction on the individuals
undergoing re-infection by SARS-CoV2 [45]. Hall et al
(2021) reported the effectiveness of two dose Moderna
vaccination for the patients underwent solid organ
transplant. 34.5 % of the patients (n=127) gave anti-RBD
positive, among the positive patients 28.5% did not give
neutralizing antibody while overall blood serum of
26.9% patients gave positive neutralizing antibody.
47.9% of the patients (n=48) gave CD4+ T cells, and
among the positive patients 46.2% did not give anti-
RBD positive. However, in all cases, CD8+ T cells were
not detectable for any of the patients [46], which can be
related to the detection method or the applied procedure.
Besides, the study done by Sahin et al (2021) reported
increased CD4+ T cells specific to SARS-CoV-2 S
protein for the individuals (18-55 years old, n=37)
vaccinated with Pfizer/BioNTech mRNA vaccine. De
novo S-specific CD8+ T cell response was detected in
sera of 33 participants. S-specific CD4+ T cell responses
gave positive correlation with S1-binding 1gG. Vaccine
induced secretion of IFNy, IL-2 by S-specific CD4+ T
cells secreted or both, while barely detected T cells
secreting the T helper 2 cell cytokine IL-4 were not
detected. S-specific CD8+ T cells secreted primarily
IFNy and lower levels of IL-2 in response to S1 and S2
stimulation. The fraction of IFNy and IL-2 cytokine-
producing T cells induced by the vaccine strongly
increased by day 29, followed by decline was observed
until the day 43 and then gave stabilized levels the day
85 [47]. Similarly, Tarke et al. (2021) show that SARS-
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CoV-2- specific memory CD4 and CD8 T cells induced
by infection or vaccination recognized the variants
including the UK, South Africa, Brazil and Southern
California. Both Pfizer/BioNTech and Moderna COVID-
19 mRNA vaccines gave similar total CD4+ or CD8+ T
cell reactivity towards these variants [48]. Based on
these presented studies, MRNA-based vaccinations can
provide protection against both healthy and chronic
disease bearing individuals. Besides, some convalescent
sera show markers of immunity development while some
doesn’t show. It is noteworthy to mention that mutant
variants (e.g. delta variant) decrease the effectiveness,
for example the effectivity decreased from 74.7 % to
53.1% for nursing home individuals upon predominant
spread of delta variant [49]. For example, the high
decrease of BioNTech vaccine effectiveness against
delta variant in Israel may call booster vaccination
against new aggressive variants [50].

Kalimuddin et al (2021) reported that spike protein-
binding antibodies and spike-specific T cells could be
the underlying reason of vaccine efficacy of one-dose of
Pfizer/BioNTech SARS-CoV2 vaccine (HCW, n=20),
while neutralizing antibodies did not show any
involvement. Development of adaptive immunity after
one-dose vaccination requires 10-day to form SARS-
CoV2 spike (S) protein specific immunoglobulin G
(1gG), IgA and IgM [51]. However, interestingly some
studies showed that uninfected sera can possess specific
antibodies against SARS-CoV2 as well, for example
from three young individuals (n=101) and five pregnant
women (n=50) gave SARS-CoV2 S reactive IgG, which
were mainly against S2 subunit [52]. Sera of individuals
underwent SARS-CoV2 infection with single-dose
vaccination with Pfizer/BioNTech gave neutralizing
antibodies similar to two-dose vaccinated individuals
[53], and it was also shown that the single dose
vaccination for SARS-CoV2 infected individuals
developed neutralizing antibody responses against the
variants [54]. However, it should be noted that vaccine
efficacy correlation with production of antibodies is still
not clear [55]. Even though vaccination after infection
can boost the immune response that can tackle with
variants, presence of RBD-specific memory B cells in
convalescent sera are present up to 1 year [56], so this
can raise a question whether a further vaccination should
be administrated to the infected individuals or not.
Furthermore, based on theoretical studies, natural
immunity is better than vaccine mediated immunity in
general [57]. Hereby it is noteworthy to mention that
one-dose of vaccination after infection is more protective
than two-dose vaccination as well [31]. Another
important observation is that natural immunity upon
infection still protects its capacity against new variants
(e.g. delta variant), and the loss in the effectivity is less
than those obtained for fully Pfizer/BioNTech vaccinated
immunity [58]. Besides, in an Austria based study
showed that the protection against reinfection among
previously infected individuals are similar to those who
were fully vaccinated [59]. Besides, an lIsraeli based
study (n=778658) revealed that reinfection by delta-
variant for pre-infected individuals is 13-timess less than
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fully vaccinated individuals [60]. Therefore, it is
acceptable to ask, why is there a strict vaccination
campaign for the infected individuals when there is
strong evidence that natural immunity is enough and
even better than vaccine mediated immunity? Besides, it
should be noted that even two-dose mRNA based
vaccination related de novo neutralizing antibodies lose
power for certain variants, so current mMRNA vaccines
may lose their protection against future aggressive
variants [61]. However, Peterson et al (2020) showed
that 6.3 % of the SARS-CoV2 confirmed cases (n=2547)
did not show any IgG antibody independent from
severity of Covid-19 [62], so the evaluation criterion of
that whether infections or vaccination will continue
protect individuals from re-infection based on presence
of 1gG antibodies is not valid for everyone. Similarly,
Schwarzkopf et al (2021) reported that 13 % of the
convalescent sera (n=78) did not show any detectable
IgG, and among these 78% showed T-cell immunity
against SARS-CoV2 infection. This refers to that
survival against SARS-CoV?2 infection has close relation
with cellular immunity rather than 1gG development
[63]. Therefore, it is clear that it is not logical to evaluate
infected or vaccinated individuals’ resistance towards
reinfection by only relying on 1gG tests. Probably
another important thing is that SARS-CoV2 infection
triggers polyclonal antibody (e.g., polyclonal IgG)
production, whose levels depend on the severity of the
infection, so the test methods and used anti-1gG type will
be important in terms of meaningful resistance
evaluation as well.

3. SIDE-EFFECTS OF mRNA SARS-COV2
VACCINES

Some of the common side effects of mMRNA SARS-
CoV?2 vaccines are headache (15.4%), myalgia (10.5%),
chest pain (2.8%), diarrhea (4.8%), rhinorrhea (4.2%),
cough (2.1%), irritability (2.8 %) and dysgeusia (1.4%).
The first and second doses cause the same side effects
with minimal increased or decreased percentages [53].
Rare side effects related to mRNA based SARS-CoV2
vaccination were reported as well, including interstitial
lung disease [64], rosaceiform eruption [65], peripheral
facial nerve palsy [66], anaphylactic reactions (~1/1
million)  [67], Guillain-Barre  Syndrome  [68],
myocarditis [69], thrombocytopenia [70] and purpuric
rash (Moderna) [71], systemic inflammatory response
syndrome (SIRS) (Moderna) [72], myocardial infarction
[73-75], anaphylaxis [76], hearing loss and tinnitus [77].
These rare adverse effects are mostly confined to cases,
and it is not possible claim that vaccine itself caused the
problem, but it might worsen the present problem,
particularly  for systemic inflammatory response
syndrome [72]. However, it is clear that mMRNA based
vaccination mediated problems in heart (i.e. myocarditis,
Pericarditis and Cardiomyopathy) are proven facts (e.g.
~ %0.0016 among military members of the US) [78-80].
It is also important to note that rare side effects can even
cause deaths [76], and importantly still there is no
enough data what these vaccines bring as long-term side
effects [81]. There is an ongoing whisper as that mMRNA
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SARS-CoV2 vaccines can cause infertility in males.
Even though there is no long-term research on this, it
was shown that both Moderna and Pfizer/BioNTech
vaccination increased sperm count and motility in some
individuals [82], so possible long-term effects still are
debatable. However, it should be noted that a Turkey-
based study showed that SARS-CoV2 infection
dramatically decreased the sperm count and motility
[83].

Currently some countries require mandatory vaccination
for certain groups including HCWs [84], which is not
accepted by all the individuals [85]. For example, based
on an opinion, the lack of knowledge in the long-term
effects and vaccine related deaths will cause national
treat to the US if the soldiers are required to get SARS-
CoV2 vaccine [81]. Possible mandated vaccination for
the military members of the US call ethical questions as
well [86]. Interestingly, certain countries including
Turkmenistan (where the number of SARS-CoV2
infected individuals are kept as a state secret) have taken
the strictest regulations to make vaccination mandatory
for everyone aged over 18-years [87]. However, an Israel
based study revealed that beta variant related infection is
8-times higher in vaccinated individuals in comparison
to the unvaccinated individuals [88]. Similarly, 74 % of
the delta virus infected patients (n=469) were fully
vaccinated while of those 26 % was unvaccinated in MA
of the US. Another important observation was the virus
load was similar for the fully wvaccinated and
unvaccinated individuals [89]. Of course, these studies
cannot be conclusive about the vaccine effectiveness
against aggressive variants including delta because of the
fact that a Norwegian study revealed that fully
vaccinated individuals are less prone to reinfection with
delta virus in comparison to unvaccinated individuals for
those who were hospitalized [90]. However, it is clear
that SARS-CoV2 specific vaccines are losing their
effectiveness against the aggressive variants. Therefore,
detailed studies are needed to understand SARS-CoV2
infection along with the vaccination mediated protection
in order to provide a better herd immunity [91] without
causing vaccination related health issues. Another
important side-effect of Covid-19 vaccines are that
modelling studies revealed that vaccination can cause
vaccine-resistant mutants if transmission is not
prevented. So, worldwide mass vaccination must be
established simultaneously to lessen vaccine driven
aggressive mutant development [92].

4. CONVENTIONAL CHILDHOOD VACCINES
AGAINST SARS-COV2 PANDEMIC

Children undergo SARS-CoV2 infection live less
symptoms in comparison to adults owing to their pre-
activated innate immunity in the upper airways (here
early IFN production is important), and the difference is
not related to SARS-CoV2 receptors among children and
adults since the receptors are similar, whose details can
be reached elsewhere [93]. Conventional vaccines
triggers antigen specific responses to train immune
system. The trained immune response can prevent other
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infections as well, particularly live attenuated viral
vaccines bring the protection up to 5 years [94]. For
example, a recent study done with 137037 SARS-CoV?2
PCR (+) individuals revealed that the individuals, having
conventional vaccination history (1-5 years prior to PCR
test), are in the lower risk and higher recovery rate upon
SARS-CoV?2 infection [94].

SARS-CoV2 spike (S) glycoprotein, measles virus
fusion glycoprotein (F1) and rubella virus envelope (E1)
share 30% amino acid sequence. The homologous region
is of antigenic epitopes for E1 and F1 glycoproteins. In
silico studies, done based on this homology, revealed
that Hepatitis B, BCG, Tetanus and Measles vaccines
have great potential to protect individuals from SARS-
CoV2 infection [95]. Hassani et al (2021) reported that
convalescent sera of SARS-CoV?2 infected patients gave
reactivity towards measles [96], which could be related
to the aforementioned sequence homology. Lundberg et
al (2021) reported that recent MMR vaccination
(vaccination was in 2018) in adults provides protection
from severe outcomes of SARS-CoV2 for males [97].
Besides, Gold et al (2020) showed that the individuals
have IgG resulted from MMR vaccine in plasma showed
strong resistance towards severe outcomes of Covid-19
infection and all showed moderate symptoms [98].
Similarly, a study done with soldiers with SARS-CoV?2
PCR (+) who underwent MMR booster vaccination gave
lower seropositivity of Covid-19 in comparison to the
non-vaccinated ones, so the authors believe that MMR
vaccination can be preventative against the severe
outcomes [99]. Besides, Mysore et al (2021) showed that
there is a protective heterologous T cell immunity
between MMR and SARS-CoV2 (particularly with S1
subunit and nucleocapsid) [100]. An epidemiological
study done by Onwude and Sokunbi (2021) showed that
SARS-CoV?2 infection related death among children are
rare (only 6 reported worldwide). The death rates in the
US, the UK and Nigeria are 1126/million, 1515/million,
and 7.5/ million, respectively. Due to measles outbreak
in Nigeria, a state-wise MMR vaccination is common in
Nigeria, so the rare death rate among children and in
Nigeria because of SARS-CoV2 infection are attributed
to MMR vaccination [101]. MMR vaccination can be
offered to even elderly people against the pandemic
along with its benign nature [102]. MMR vaccine
administrated individuals (n=255) since Covid-19 started
were monitored how they reacted towards SARS-CoV2
infection. Among them 36 underwent SARS-CoV2
infection (13 of them had chronic diseases including
hypertension and diabetes), and all gave mild symptoms.
The MMR related protection is attributed to trained
innate immunity and heterologous adaptive immunity
(which provides cross-reactivity). It is highly probable
that the American society of Microbiology was right
when they claimed that MMR vaccine can break the
impact of Covid-19 pandemic [103].

BCG vaccination is a live attenuated Mycobacterium
bovi vaccine that is administrated to 130 million infants
annually. BCG vaccination mediated increase of IFNy
and IL-10 levels are still protective for elderly people
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against respiratory tract infection. Retrospective studies
revealed that Covid-19 related infections and mortality
are lower in the countries have national BCG
immunization program. Besides, recovery rates from
SARS-CoV?2 infection are higher in those countries as
well. Therefore, BCG vaccination seems a promising
approach to overcome SARS-CoV2 pandemic with its
benign nature to human health [104]. In silico studies,
based on homology, revealed that BCG vaccination can
trigger production of cross-reactive T cells against
SARS-CoV2 [105] along with enhanced innate
immunity [106]. Immunohistochemical studies also
proved this hypothesis and the theoretical studies [106].
In addition to these, clinical trials of BCG vaccination
revealed that the vaccine is effective to combat against
SARS-CoV?2 infection [107]. Eggenhuizen et al (2021)
reported, an in vitro study based on 20 individuals
primed with 8 BCG-derived peptides (which show
homology to the components of SARS-CoV2), that
CD4" and CD8" T cells specific for BCG peptides cross-
react with SARS-CoV-2 peptides [108]. These reveal
that BCG vaccination can be protective against SARS-
CoV2 infections. However, a recent study done in East
and West Germany revealed that BCG vaccination
history may not provide individuals from severe
outcomes of SARS-CoV?2 infection [109]. In contrast to
this, the study done in Iberian peninsula revealed that
BCG vaccination seems a powerful approach to prevent
the severe outcomes of the infection, where the authors
also warn that the world doesn’t have enough BCG
vaccines that can be administrated worldwide [110].
Similarly, the study done in the USA with HCW
revealed that BCG vaccination history confers protective
effect against severe outcomes of Covid-19 [111]. BCG
vaccination doesn’t provide lifelong protection against
SARS-CoV2 infection [112], so booster BCG
vaccination is needed to provide further protection
against Covid-19 [113] over its residual protection [114].
However it should be noted that BCG vaccination is still
needed in the tuberculosis-risky countries, so shortages
can cause issues, and also large randomized studies are
needed to see the exact potential of BCG vaccination
against this infection [115]. Ongoing clinical trials will
help to enlighten the proposed exact potential.

The mechanism behind BCG vaccination and live
enterovirus vaccines related outstanding potential to
fight against SARS-CoV2 infection is of their non-
specific protective mechanisms. These can be listed as
(i) epigenetic modification of monocytes, (ii) cross-
reaction between B and T cells, (iii) increased IFN-y and
enhanced recruitment of innate immune cells resulted
from Tyl cells differentiation, (iv) production of
mucosal 1gA/IgG, (v) prevention or decrease in invasive
pathogen-host interactions, (vi) early activation of CD4
and CD8 T cells, (vii) protective anti-inflammatory
effects, (viii) early protection against tissue damage and
(ix) increased polymorphonuclear leukocyte synthesis.
For instance, CoV-2 suppresses TLR signaling when it
shows its pathogenicity, and it is known that
immunization with live vaccines (e.g. OPV) can activate
innate immunity via pre-activation of TLRs and prime
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the immune system for adaptive immunity upon
infection with SARS-CoV2 [36]. Due to these reasons
and retrospective studies, BCG vaccination is seen viable
alternative to SARS-CoV2 specific vaccines for those
who don’t have access (at least) [107] or do not want
current MRNA SARS-CoV?2 specific vaccines.

5. BRIEF COMPARISON OF PRIOR
INFECTION, mRNA-BASED SARS-COV?2
VACCINES AND TRADITIONAL
CHILDHOOD VACCINES.

There are two main reasons lying behind the remark
’even better’” given in the paper. (i) Infection mediated
immunity and mRNA vaccine mediated immunity rely
on different mechanisms. mRNA vaccines result in
overwhelmingly specific antibody production against the
spike protein while infection results in antibody
production against different antigenic regions of the
SARS-CoV2. (ii) Prior infections trigger larger cellular
and mucosal immunity in comparison to the mRNA
based vaccines. mRNA-based vaccines do not
contribute mucosal immunity, so vaccinated individuals
still can get infected and SARS-CoV2 viruses can
propagate within nasal cells [116], which makes the
vaccinated individuals perfect SARS-CoV2 spreader
when they get infected. Vaccine mediated protection
against Covid-19 infection is interestingly related to the
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levels of antibody, however it is clear that absence of
antibody in serum doesn’t refer to that there is no
protection. Memory B-cells upon infection is still active,
and provides greater immunity against Covid-19
infection even though some patients do not possess
antibody in convalescent sera [117]. It is also
noteworthy to mention that S1 spike protein of SARS-
CoV2 is highly vulnerable to mutation that causes the
virus escape from S1-specific antibody synthesized upon
vaccination while vaccine induced S2 antibody is
minimal. However, antibody development against S2
protein is critical to get protected against recurring
Covid-19 infections. Similarly, B-memory cells are
critical in neutralizing antibody production [118]. In
contrast to prior infection and vaccination, traditional
childhood vaccines provide cross-reactivity, which relies
on memory T-cell activity along with regulated cytokine
production in favor of fighting against SARS-CoV2
infection as shown in Table 1. It is noteworthy to
mention that Prior infection develops mucosal immunity
[119], so even if SARS-CoV2 survivals carry active
SARS-CoV2 virus, any contribution to the epidemic will
be minimal since mucosal immunity downregulates
SARS-CoV2 propagation and decreases the discharge
period [120]. Spreading the virus is not related to
survived patients, rather it is related to the active vectors.

Table 1. Comparison of natural immunity, SARS CoV2 specific mMRNA vaccines and traditional childhood vaccines.

Immunity source Mucosal antibody

Antibody response

Cellular immunity

mMRNA SARS  No report found
CoV2 vaccine

Si-binding antibody®, Neutralizing
antibody?®; Slight amount of S2
antibody, cross-reactive antibodies
against B-coronaviruses [121].

Increases in antigen- specific IFNy*
CD4" and CD8" T cells; Tyl cell
polarization; little change in T2 cell
responses [122].

Prior infection* 1gG, IgM [120], Memory B cells[123,124]; S;- Increases in IFNy" and IL-2 specific
and IgA binding  antibody,  Sy-binding CD4" and CD8" T cells [126]; CD4"
production[122]. antibody, Neutralizing antibody, Tuland CD4" T2, CD4+

Nucleocapsid binding antibody, anti  Tey and  CD4"  IL-22"  cell
RBD antibody [125]; polarization; increased INFa levels,
mucosal-associated invariant T and
NK T cells; increased circulating
follicular helper T cells; increased
CD1QA/B/C*
CD16" monocytes [123]
BCG vaccination No report found Cross-reactive antibodies, Cross- Cross-reactive dendritic cells (i.e.

reactive B-memory cells [104].

inf-cDC2s) that priming type | INF
dependent [114] CD4" and CD8" T
cells activation [108]; Down-
regulation  of  proinflammatory
cytokine production [127]; various
antiviral cytokine production,
enhanced IFN-y production and
associated Tyl cells differentiation
[104].

MMR vaccination  No report found

Cross-reactive B-memory cells[96]
and cross reactive antibodies[98]
(e.g. anti RBD antibody[128] )

Suppressing SARS-CoV2 interaction
with cells [128]; memory T cells
recognizing S1 and nucleocapsid
proteins and increased protective
cytokine production [129].

*During Covid-19 infection, humoral and cellular immunity cooperates if the patient faces mild or asymptomatic infection while severe infections can
break the cooperation [123]. During the literature search the following keywords were used “SARS-CoV2 mRNA vaccine and mucosal antibody”,
“SARS-CoV2, MMR vaccine and mucosal antibody ” or “SARS-CoV2, BCG vaccine and mucosal antibody”.

6. CONCLUSION

SARS-CoV?2 infection is still the major problem of the
entire world even though vaccination is increasing
rapidly. Despite of the fact that SARS-CoV2 specific

vaccines are claimed as the only solution to the
pandemic when cost-benefit analysis is considered,
decreasing vaccine efficacy against new aggressive
variants, rare adverse effects are still formidable along
with possible long term-negative effects. In terms of
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rare-side effects, there is no clear information how “How
really rare are those rare-side effects”. Besides,
mutations can weaken the benefits of current SARS-
CoV2 specific vaccines, so required the third dose is
already under discussion and possible new variant
specific vaccines may be needed as well. Also, extensive
immunological, biochemical and clinical studies are
required to enlighten the parameters need to be taken
into account to test whether natural infection is
protective enough for current and up-coming aggressive
variants before the infected individuals are exposed to
further SARS-CoV2 specific vaccines. Alternative to
SARS-CoV?2 specific vaccines, conventional vaccines
(particularly BCG and MMR) may provide strong
trained innate immunity and/or heterologous adaptive
immunity against SARS-CoV2 infection to resolve
Covid-19 pandemic. As a concluding remark, utilization
of conventional childhood vaccines against SARS-CoV2
infections should be considered as a valuable approach at
all age groups, so further randomized studies combining
all age scales on the efficacy of childhood vaccination
against SARS-CoV2 pandemic seem critical to bring up
a better resolution on the proposed efficacy of the
childhood vaccines.
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