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 Pre-COVID19 pandemia vaccines could 
have a nonspecific effect in 
preventing SARS-CoV-2 infection 
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Abstract 
The COVID-19 pandemic raised an unexpected challenge for the medicine and pharmaceutical industry. The primary 

goal in a short timeframe was to fight the spreading of SARS-CoV-2 by any means, starting from social distancing, 
wearing face masks, and, in the end, finding a vaccine as effective as possible in preventing the virus spread.

Studies were published from the first months of the pandemic, trying to show the way that this virus attacks the host 
and how it is transmitted in communities. Some data were contradictory, but one fact became obvious – children have a 
lower risk of infection with SARS-CoV-2. Data collected from many studies showed that some vaccines that were already 
in use before the COVID-19 pandemics are efficient in preventing SARS-CoV-2 infection. In this paper, we tried to 
summarize the nonspecific effects of preexisting vaccines against SARS-CoV-2 infection.
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INTRODUCTION 
SARS-CoV-2 is responsible for the COVID-19 pandemic 
that was first identified in China at the end of 2019 
and rapidly spread worldwide [1]. Children represent a 
small part of all patients with COVID-19 [2]. The 
number of children presenting to hospitals decreased 
during the pandemic due to isolation, reduced 
circulation of transmittable diseases, and increased 

anxiety regarding hospitals [3]. Children faced a 
change in their social and family life, mostly due to the 
closure of schools, a measure implemented in most 
countries around the world to reduce the impact of 
the pandemic [4]. The immunological mechanisms 
that lead to a lower spread or severity in children and 
adolescents are not completely clarified. The immune 
modification encountered in those children who had 
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multisystem inflammatory syndrome (MIC-S) is still not 
completely understood [5].

The COVID-19 pandemic has led to economic 
imbalance worldwide and mass closures of social 
programs, kindergartens, and schools. Almost 90% of 
students around the world had their education ceased 
by the end of April 2020 due to school closures [6]. 
Until now, the scientific data used as motivation for 
school closures to prevent transmission of SARS-CoV-2 
remain controversial. Some papers showed a limited 
reduction in mortality rates of 2–4% after school 
closures [7]. There are some reports of significant 
outbreaks tied to the opening of schools [8], but these 
results were not demonstrated in similar situations 
[9,10]. Given these facts, it is crucial to understand 
children’s role in transmitting the SARS-CoV-2 virus 
[11].

TRANSMISSION OF SARS-CoV-2 IN 
CHILDREN
Children presented a lower risk of transmission 
especially to other children, with an average of less 
than one secondary case for each primary case. There 
was limited proof of transmission inside schools or 
other children’s facilities [12,13,14].

Children are not an important contributor to the 
spreading of COVID-19, but teenagers could play a role 
in transmitting the virus. Almost half of the children 
diagnosed with COVID-19 at school were teenagers 
from high school. But it may be an underestimate 
because not all age groups were studied in detail [11].

Probably, the low immunity of children, who didn’t t 
show an overwhelming immune response against the 
virus as in the adults, could be the explanation for the 
lower severity of SARS-CoV-2 infection in this age-
related group. Children have fewer memory cells 
specific to other existing coronaviruses and therefore 
they are less prone to start an important cell-mediated 
attack on the alveoli and interstitial tissue inside the 
lung for a new kind of infection [15,16]. 

A difference in the distribution, maturation, and 
function of viral receptors is often cited as a potential 
reason for the difference in incidence.

SARS virus, SARS-CoV-2, and human coronavirus-NL63 
(HCoV-NL63) use angiotensin-converting enzyme-2 
(ACE2) as a cellular receptor in humans [17,18]. 

Previous studies have shown that HCoV-NL63 infection 
is more common in adults than in children [19,20]. 
This finding indicates that children could have relative 
resistance to SARS-CoV-2.

ACE2 expression in the lung of mice was found to 
decrease with age [21]. This discovery may not be 
linked to a relatively low susceptibility of children to 
COVID-19. Studies showed that ACE2 is involved in the 
protective mechanisms of the lungs and can protect 
against severe lung damage generated by respiratory 
virus infection.

ACE2 also protects against severe acute lung injury 
that can be triggered by sepsis, SARS, and infection 
with the avian influenza A virus H5N1 [22,23]. 

CLINICAL PRESENTATION OF 
COVID-19 IN CHILDREN
In contrast to many infectious diseases, such as 
malaria and the common flu, where children are 
known to be the most vulnerable and drive 
transmission in homes and communities, SARS-CoV-2 
appears to simply not translate through a severe 
disease, because it occurs frequently in children, 
especially young children under the age of 10. The 
severity of COVID-19 symptoms among children is 
milder, with lower case fatality rates (CFRs), and their 
recovery is faster [16].

There is a mild clinical presentation of SARS-CoV-2 
infection in children, but more severe forms may 
develop over time. A small percentage of cases are 
registered in the pediatric age group. The contact 
tracing percentage mainly refers to symptomatic 
patients or tests performed for contact tracing and 
could therefore be underestimated due to the mild 
clinical presentation.

SARS-COV-2 infection was associated with the altered 
general condition (12%), fever (48%), cough (73.43%), 
problems with feeding (42.35%), and rhinorrhea (34, 
20%). As SARS-CoV-2 primarily affects the respiratory 
system, gastrointestinal manifestations (mainly 
diarrhea and abdominal pain) can also occur (at the 
beginning or later in the course of the disease) [24].
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DIFFERENT VACCINES FOR 
DIFFERENT DISEASES - 
SURPRISING EFFECTS
Many countries have a range of bacterial and viral 
illnesses. Vaccines can have non-specific physiological 
effects by modifying the immune response against 
unrelated organisms, these effects being called 
heterologous immunity. Non-specific effects of 
vaccines tend to be more pronounced in girls and 
appear to be greatest in the first 6 months of life [26] 
– when the maternal immunity conferred is 
supplemented by vaccines. Salman and Salem suggest 
that the cross-immunogenicity of childhood vaccines 
against multiple viruses may explain the relatively 
milder infection and severity of COVID-19 in children 
[27]. Most routine viral vaccines are inactivated or 
killed viruses that stimulate T-helper-1 cells to produce 
many different types of cytokines such as interferon-
gamma, interleukin-2 (IL-2), and interleukin-12 (IL-12). 
secrete, enhancing the cytotoxicity of natural killer 
cells to recognize and destroy cells infected with a new 
virus [16].

Immune responses to pathogens can sometimes be 
altered by prior exposure to antigens, and although 
these heterologous responses may be less effective 
than specific immune responses to homologous 
antigens, they can alter the course of infection in a 
host [28].

The basic biological mechanisms that demonstrated 
the heterologous protective effect of vaccines are not 
yet fully elucidated, but based on epidemiological, 
immunological, and clinical studies, several hypotheses 
could explain these mechanisms: 

a)  cross-reactivity between shared epitopes of 
apparently unrelated pathogens; 

b)   immunomodulation of innate memory of immune 
cells (natural killer cells and monocytes), adaptive 
memory of immune cells (Th cells and CD4) and 
cytokine (interleukin) responses; 

c)  the induction of immunity driven by epigenetic 
reprogramming of innate immunity offers better 
protection against reinfection; 

d)  Improved innate immune response (antibody titers) 
to unrelated antigens [29,30,31,32,33].

ORAL POLIO VACCINE (OPV)
Several studies have demonstrated the efficacy of the 
oral polio vaccine (OPV) against 224 respiratory and 
intestinal infections. Since SARS-CoV-2 mainly infects 
cells of the respiratory and intestinal tracts, where 
ACE2 receptors are present, a heterologous protective 
effect of OPV against COVID-19 has been suggested 
[34].

The most essential conclusion of this study is that OPV 
administration was associated with significantly fewer 
days of diarrhea with stool in the 3 months following 
vaccination than IPV administration.

Although this difference is small (~1 day), we would 
expect the measured protective effect to be improved 
when comparing a routine IPV-only vaccination 
schedule with an OPV-only schedule. Furthermore, a 
longer follow-up period may also reveal a greater 
effect of OPV on diarrheal disease. When bacterial 
pathogens were analyzed individually, OPV use was 
found to be associated with a reduced prevalence of 
diarrhea caused by C. jejuni/coli in all infants. Diarrhea 
caused by C. jejuni/coli and Shigella has a similar 
course since these pathogens cause inflammatory 
diarrhea, including dysentery. These pathogens are 
responsible for the vast majority of bacillary dysentery 
[35].

BCG (BACILLUS CALMETTE–GUÉRIN) 
VACCINE
BCG has shown that the innate immune system can 
develop trained immunity through epigenetic 
reprogramming of various types of innate immune 
cells [36] and can help the body respond to viruses. It 
has been suggested that countries that include BCG in 
their vaccination schedule have fewer confirmed cases 
and lower mortality in Sars-Cov-2 patients than 
countries without [37], suggesting a possible inverse 
correlation between BCG and COVID incidence and 
mortality shows -19. BCG vaccination administered in 
the neonatal period protects against non-tuberculosis 
infectious diseases in the first weeks of life and already 
has an anti-tuberculosis effect; The nonspecific effects 
of BCG on infectious morbidity and all-cause mortality 
suggest that administration of BCG in the first days 
after birth should be a priority in areas with a high 
prevalence of infectious diseases and may also play a 
role against SARS-CoV-2 [38]. Adult patients, in most 
cases, have received the same vaccines given to 
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children throughout their lives, and this aspect may 
lead to discarding the above theory or considering 
only their role in acute infections. Further research is 
needed to identify the link between BCG vaccination 
and the lower incidence of SARS-COV-2 spread in 
children.

DTaP VACCINATION
DTP vaccines can induce cross-reactive T- and B-cell 
immunity against SARS-CoV-2. DTP combination 
vaccines have been included in the vaccination 
schedule since the 1940s-1950s [39]. During infancy, 
children receive 3-4 doses of DTaP or DTwP, often in 
combination with inactivated poliovirus, conjugated 
Hib, and recombinant HBV antigens.

Children also receive a pediatric DTaP booster at ages 
4-6 and a lower antigenic load DTaP booster at ages 
9-14. Repeated DTP vaccinations will help protect 
children from SARS-CoV-2 through cross-reactive 
immunity. Cross-reactive immunity induced by DTP 
vaccines will eventually decline over time, which is 
why COVID-19 cases and severity increase with age. It 
can also be hypothesized that Tdap vaccination during 
pregnancy could explain the lower incidence of 
COVID-19 deaths in women. In addition, women 
vaccinated with Tdap could transmit passive cross-
immunity against SARS-CoV-2 to newborns they 
breastfeed [40].

Additionally, MenB vaccines can induce significant 
cross-reactive T-cell immunity against SARS-CoV-2. 
However, MenB vaccines are unlikely to be responsible 
for the observed resistance to SARS-CoV-2 in children 
worldwide; MenB vaccines have only been introduced 
recently, over the past decade, and not universally 
[41,42].

MMR VACCINATION
Le Saad et al. proposed two possible mechanisms for 
the increased incidence of COVID-19 infection and 
death in an unvaccinated MMR population (Italy) and 
an MMR-vaccinated population (China): a) By 
stimulating population-wide immunity, the measles 
vaccine increases the ability of the immune system to 
fight pathogens other than measles, including 
coronaviruses; b) Due to the shared structural 
similarities between measles and coronavirus, cross-
reactivity and immunity generated by measles vaccine 
and coronavirus results in partial protection against 
COVID-19 [43].

Franklin et al. identified that rubella virus and SARS-
CoV-2 macrodomains share 29% amino acid sequence 
identity [44]. This finding suggests that the viruses 
share the same protein fold. Patients with high disease 
severity had elevated anti-rubella IgG levels (161.9 + 
147.6 IU/mL) compared to patients with moderate 
disease severity (74.5 + 57.7 IU/mL). mL). in case of 
COVID-19 infection in MMR-vaccinated patients.

Fidel and Noverr support the use of live attenuated 
MMR vaccine as a preventive measure against 
pathologic inflammation and sepsis associated with 
COVID-19 infection [45]. The basis of such a proposal is 
the induction of nonspecific effects by live attenuated 
vaccines, which represent “trained innate immunity” 
released by leukocytes.

The result is that the precursors in the bone marrow 
are more effective against larger attacks of infection. 
Based on data from previous studies of the BCG 
vaccine in infants, vaccine-induced formed cells are 
expected to remain in circulation for approximately 1 
year [16].

HEPATITIS A VACCINE
The hepatitis A vaccine is highly immunogenic. 
Determines seropositivity in 95% of adults after a 
single dose and in 97% of adults and 100% of children 
after 2 doses. This vaccine also causes HAV-specific 
proliferation of peripheral blood mononuclear cells 
and the release of IFN-γ [46].

Sarialioglu et al reported differences in the extent to 
which COVID-19 has affected some countries such as 
the United States, China, Italy, France, England, Spain, 
Belgium , and the Netherlands more severely than 
others such as India, Pakistan, countries in Africa and 
South America, which had lower infection and 
mortality rates at the time of the study, countries 
where HAV vaccination is routinely performed [47]. 
The authors hypothesize that routine vaccination 
against the hepatitis A virus (HAV) leads to high 
immunity in populations of countries with low 
COVID-19 prevalence, while immunity is quite low in 
countries highly industrialized.

The authors conclude that the hepatitis A vaccine-
induced immune response may protect against 
COVID-19 infection through a possible adaptive 
immune cross-reaction. Patients with asymptomatic 
COVID-19 disease could indirectly indicate patients 
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protected against HAV seropositivity. Hepatitis A 
vaccine may help maintain COVID-19 infection at 
mucosal colonization and may prevent lower 
respiratory tract involvement and death [47].

DISCUSSION
However, given the serious risks posed by the 
COVID-19 pandemic and the strain on healthcare 
infrastructure, it is important to strengthen vaccination 
policies and harness the non-specific effects of 
vaccines to overcome the pandemic situation and 
prevent further outbreaks from occurring. It seems 
reasonable to prevent as the development of vaccines 
against COVID-19 accelerates, and vaccine tracking 
and post-market surveillance are becoming 
increasingly important.

SARS-CoV-2 has had several known mutations since 
2019. Given the potential for future strains and the 
resulting pandemic, using existing vaccines in 
combination with his specific COVID-19 vaccine could 
be the right tool. To prevent more serious infections 
and deaths from these infections. The pandemic has 
changed people’s behavior about health services, 
resulting in some countries suspending routine 
childhood immunizations for the duration of the 
pandemic.

This can lead to outbreaks of infectious diseases in 
children. Therefore, we need to focus on providing 
children with minimal vaccines.

CONCLUSION
“Trained immunity” and “cross-reactivity” are the two 
most fundamental properties of repurposed vaccines, 
enhancing the overall innate immune response and 
protecting the host against unrelated infections.

It has been almost three years since a human infection 
with the new Coro-229 virus was documented in 
Wuhan, China, but it continues to attract the attention 
of the scientific community interested in diagnosing, 
treating, and controlling 231. There is one fact about 
him. handle:

Reduced susceptibility of children to SARS-CoV-2 
infection and development of severe forms of 
COVID-19. Reuse of live attenuated vaccines (BCG, 
MMR, and OPV) demonstrates the potential for innate 
immune cell development. Their antigenic similarity 
can also prevent unrelated infections and reduce 
disease severity. Using existing childhood vaccines 
such as MMR to address the increased morbidity and 
mortality associated with COVID-19 remains a low risk 
for all populations until the pandemic trajectory shows 
a sustained decline. 
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