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Abstract: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the cause of the novel res-
piratory disease COVID-19, has reached pandemic status and presents a wide range of manifestations
of diverse magnitude, including fever, cough, shortness of breath, and damage to vital organs, such
as the heart, lung, kidney, and brain. Normally, older individuals and those with underlying health
issues are more at risk. However, about 40% of COVID-19 positive individuals are asymptomatic.
This review aims to identify suggested mechanisms of diverse manifestations of COVID-19. Studies
suggest that T cell-mediated immunity and specific and/or nonspecific immunity from other vaccines
could protect against SARS-CoV-2. The potential role of cross-reacting antibodies to coronaviruses
that cause the common cold, mumps virus, polio virus, and pneumococcal bacteria are also suggested
to help protect against COVID-19. Decreased production of Type I interferons (IFN-o and IFN-3)
could also be linked to COVID-19 manifestations. Several studies suggest that ACE2 cell membrane
receptors are involved in SARS-CoV-2 infection. However, the relationship between an abundance of
ACE2 receptors and the infectivity of the virus is unknown. Unlocking these manifestation mysteries
could be crucial as this could help researchers better understand the virulence, pathology, and
immune responses associated with SARS-CoV-2, leading to the development of effective therapies
and treatment plans.

Keywords: SARS-CoV-2; COVID-19; coronaviruses; clinical manifestations; BCG; MMR vaccines;
angiotensin I and II; ACE2 receptors; asymptomatic infection

1. Introduction

Coronaviruses are a large family of viruses that are common in humans and sev-
eral animals, such as cattle, camels, cats, and bats. Commonly known human coron-
aviruses that cause common colds and upper respiratory infections are HCoV-229E (oc-
coronavirus), HCoV-NL63 (x-coronavirus), HCoV-OC43 (3-coronavirus), and HCoV-HKU1
(B-coronavirus). However, they can also contribute to life-threatening lower respiratory
infections in infants, the elderly, and immunocompromised patients [1]. Coronaviruses
that infect animals can also evolve and cause human infections. Common examples of
such cases are two earlier viruses, SARS-CoV (Severe Acute Respiratory Syndrome) and
MERS-CoV (Middle East Respiratory Syndrome), followed by the current virus SARS-CoV-
2. All three of these viruses are thought to have originated in bats and eventually infected
humans. However, the exact source of SARS-CoV-2 is yet to be confirmed.

SARS-CoV-2 was first identified in an outbreak of respiratory infection in Wuhan,
China, in December 2019. The infectious respiratory disease caused by this virus is now
known as Coronavirus Disease 2019 (COVID-19). The virus spread very quickly from China
and infected 221 countries, reaching pandemic status [2]. As of this writing, according
to the Center for Systems Science and Engineering (CSSE) of Johns Hopkins University
real-time data tracking, SARS-CoV-2 has infected over 219.4 million people and caused
4.5 million deaths worldwide. In the United States alone, the virus has infected 39.6 million
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people and inflicted over 643,000 deaths [3]. The Institute for Health Metrics and Evaluation
(IHME), an independent global health research center at the University of Washington,
estimated that by mid-May of 2021, total worldwide COVID-19-related deaths may be as
high as 7.1 million [4].

COVID-19 patients display a wide range of mild to severe symptoms, including
fever, chills, dry cough, shortness of breath or breathing difficulty, fatigue, muscle aches,
headache, loss of taste or smell, sore throat, nasal congestion, runny nose, conjunctivitis,
nausea, vomiting, diarrhea, skin rash, and discoloration of fingers and toes [5-7]. These
symptoms may appear within 2-14 days after exposure to the virus [6]. For most people, the
symptoms are mild-to-moderate, but severe illness and death may occur in some, including
older adults and patients with underlying medical conditions, such as obesity, kidney
disease, heart disease, type-2 diabetes, cancer, COPD, sickle cell disease, or if they are
immunocompromised [8]. In the US, COVID-19 deaths in young adults (age 25-44) have
also been reported [9]. In early November 2020, the CDC also identified pregnant women
and children with chronic kidney disease or sickle cell disease among the high-risk category
as they can also develop a severe illness due to COVID infection. Since this is a new disease,
scientists and healthcare workers are still on the learning curve but understanding the
disease more each day.

From the very beginning of the coronavirus pandemic, scientists and health care
workers were baffled about why some SARS-CoV-2 positive patients present mild-to-severe
symptoms of COVID-19 infection, yet a significant segment of the infected population
remains asymptomatic. These silent spreaders can effectively transmit the virus and thus
make the epidemic further difficult to control [10]. Studies indicate that about 40% of
the COVID-19 population remains asymptomatic [11,12]. Long et al. (2020) reported 37
asymptomatic SARS-CoV-2 positive cases in Wenzhou, China. These individuals did not
have relevant clinical symptoms during their hospitalization period, and the duration of
viral shedding ranged between 15 and 26 days [10]. The authors also reported that the
asymptomatic individuals displayed reduced IgG and anti-inflammatory cytokine levels as
well as a weaker immune response to SARS-CoV-2 infection. In the USA, studies revealed
that in Arkansas, North Carolina, Ohio, and Virginia prisons, 96% of 3,277 inmates infected
with COVID -19 were found to be asymptomatic [11]; in a homeless shelter in the Boston
area, 88% of 147 COVID-19-infected residents were asymptomatic; similarly, 95% of 481
COVID-19 infected workers at a Tyson Foods plant were found to be asymptomatic [12].

Furthermore, COVID-19 has disproportionately affected some countries more than
others. For example, in the USA, UK, and Italy, the infection and fatality rates are much
higher as compared to Japan, Singapore, Malaysia, Indonesia, Thailand, and many other
countries [13]. Understanding and unraveling these mysteries might be greatly significant
as the answers may lead to the development of more effective therapeutics and vaccines in
treating this deadly disease. This paper will focus on what could be the explanation behind
a large segment of the SARS-CoV-2 positive population not showing manifestations of the
disease and how to comprehend the disproportionate infection and mortality rates among
various world populations.

2. Probable Explanations for Why SARS-CoV-2 Positive Individuals Remain
Asymptomatic or Have Mild Symptoms

2.1. COVID-19 Immunity from Other Unrelated Vaccinations

As of this writing, SARS-CoV-2 has infected 221 countries in the world. However,
some puzzling differences have been observed in morbidity and mortality, depending
on the location. For instance, Miller et al. (2020) has reported that despite restrictive
social isolation measures in Italy as compared to Japan, COVID-19 mortality was lower
in Japan [14]. The authors suggested that the country-by-country variation in COVID-19
morbidity and mortality can be partially linked to the Bacillus Calmette-Guérin (BCG)
vaccination policy. BCG is a live attenuated form of Mycobacterium bovis used as a vaccine
for tuberculosis (TB) across the world. In laboratory studies, the BCG vaccine has been
shown to induce non-specific immune responses by boosting the production of gamma
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interferon (IFN-y) from CD4" T-lymphocyte cells in mice treated with vaccinia virus [15].
Many nations, including Japan and China, have universal BCG vaccination programs,
but Italy and the USA have never adopted the same policy [14]. Some countries such
as Argentina, Brazil, Mexico, Poland, and Romania have discontinued universal BCG
vaccination [16]. Recent reports indicate that BCG treatments could have beneficial effects
on multiple diseases, including those that are autoimmune in nature [17].

A recent study suggested that BCG vaccination could provide protection against
COVID-19 [18]. The authors indicated a strong association between the BCG index (the
degree of BCG vaccination in a country) and COVID-19 mortality and reported that for
every 10% increase in the BCG index, there was a 10.4% reduction in COVID-19 mortality.
A 2020 study proposed a hypothesis that even unrelated live attenuated vaccines, such
as BCG and MMR (measles, mumps, and rubella) vaccines could provide nonspecific
protection against lethal infections and thus could be used as a preventive measure against
COVID-19 [19]. The authors advocated that clinical trials with BCG and MMR could be a
preventive measure in saving the lives of COVID-19 patients. Several other studies also
indicated that unrelated vaccines such as BCG could provide some protection against
COVID-19 [20-22].

For the prevention of measles, mumps, and rubella, the Advisory Committee on
Immunization Practices (ACIP) recommends two doses of MMR vaccine routinely for
children between the ages of 12 and 15 months and between 4 and 6 years. The MMR
vaccine induces an immune response and triggers the production of IgG antibodies [23]. A
2020 report suggested that there could be a correlation between the levels of response to
the MMR vaccine and the severity of symptoms in COVID-19 patients [24]. Individuals
with higher levels of an immune response to the MMR vaccine might be better protected
from SARS-CoV-2 infection and thus will have less severe COVID-19 symptoms. The
mechanism associated with this protection is far from clear. One group of researchers
performed homology analyses between the spike and nucleocapsid proteins of SARS-CoV-
2 and the viruses in the MMR vaccine. They found similarities between the receptor-binding
protein of the surface glycoprotein of SARS-CoV-2 and the measles fusion glycoprotein [25].
However, in another study involving 50 COVID-19 patients under the age of 42 who
received the MMR vaccine as children, it was revealed that those having the highest
antibody titers to the mumps virus were asymptomatic to COVID-19 infection [26]. In that
study, there was no protection via anti-rubella or anti-measles virus antibody. Thus, the
means by which the MMR vaccine provides protection has not been elucidated.

Root-Bernstein (2020) reported pneumococcal vaccines provided protection against
infection and death to COVID-19 [27]. In this case, the effects were not due to polysaccha-
rides but due to potential cross-reactivity between Streptococcus pneumonaie surface proteins
and SARS-CoV-2 spike proteins, membrane protein, and replicase [27]. Another report
noted that antibodies to the polio vaccine also provided protection against SARS CoV-2
infection [28]. In this case, cross-reacting antibodies against the RNA-dependent-RNA
polymerase of poliovirus and SARS-CoV-2 were involved.

2.2. Memory T Cell-Mediated Immunity

Bert et al. (2020) reported that memory T cells have the potential to respond to
SARS-CoV-2. They studied T cell responses against a nucleocapsid protein (N protein—a
structural protein of SARS-CoV-2) in individuals recovering from COVID-19 and found
that CD4* and CD8" T cells were reactive to the N protein. They also reported the presence
of long-lasting memory T cells in individuals who recovered from the original SARS-CoV
infection of 2003. These memory T cells showed strong responsiveness to SARS-CoV-2 N
protein [29].

A recent report also indicated that the number and quality of SARS-CoV-2-specific
memory T cells were factors in protection against the disease [30]. They also noted that
asymptomatic individuals (and those without any detectable infection) had similar levels
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of memory T cells against the virus. This supports an earlier report that symptoms and
recovery to COVID-19 were associated with stronger T-cell immunity [31].

2.3. ACE2 Receptors

In the quest for developing an effective COVID-19 treatment, some researchers are
focusing on ACE2 (Angiotensin-Converting Enzyme 2) receptors. With varying degrees,
ACE2 receptors are expressed on the cells of nearly all human organs but are primarily
found on alveolar epithelial cells, myocardial cells, proximal convolution tubular cells of
kidney nephrons, bladder cells, and enterocyte cells in the ileum of the small intestine [32].
ACE?2 receptors function as viral entry points, helping SARS-CoV-2 gain access to the cells.
SARS-CoV-2 primarily damages the lung tissues and other organ tissues with abundant
ACE2 receptors. Lung alveoli contain both Type-I and Type-II pneumocyte cells. Type-
I pneumocytes (squamous epithelial cells for alveolar structures) constitute 95% of the
alveolar wall, while Type-II pneumocytes (cuboidal glandular epithelial cells to produce
surfactants) make up about 5% of the alveolar wall. ACE2 is highly abundant on Type-II
pneumocytes. Using their spike proteins, SARS-CoV-2 viruses bind to ACE2 receptors
before entering and infecting the cells (Figure 1). Some researchers consider understanding
the functional relationship between ACE2 receptors and coronaviruses as key to developing
effective treatments against COVID-19 [33].
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/ SARS-COV-2 ‘ Spike Protein
~—_>
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Pneumocyte Cell Membrane al

Zaman & Sizemore]

Figure 1. Spike glycoproteins of SARS-CoV-2 binding to ACE2 receptors on the plasma membrane
before entering and infecting pneumocytes.

Although it is recognized that ACE2 receptors are involved in SARS-CoV-2 infection
of epithelial cells of the lungs and other organs, the relationship between the quantity of
the ACE2 receptors and the infectivity of SARS-CoV-2 has yet to be determined. Research
indicated [8] that patients with chronic diseases were more vulnerable to COVID-19, and
some studies suggested that patients with heart diseases, diabetes, and hypertension might
have a higher number of ACE2 receptors [33]. However, there is no evidence that this is
the primary reason patients with chronic diseases are more susceptible to SARS-CoV-2.
Similarly, this is not counter evidence that individuals with a lower number of ACE2
receptors are less responsive to SARS-CoV-2. Studies with mice revealed that the lack
of ACE2 was linked to non-viral-related lung, heart, or other tissue injuries [34]. On the
contrary, studies indicated that by converting angiotensin-II into angiotensin-I (Figure 2),
ACE2 could deflect the harmful actions of angiotensin II (ANG II), such as vasoconstriction,
oxidative stress, fibrosis, hypertrophy, and inflammation of the tissues; therefore, it could
provide protection against tissue and organ damages [32,33].
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Figure 2. Possible role of ACE2 receptors and angiotensin peptide hormones in SARS-CoV-2 infection.

Perhaps, the abundance of ACE2 on cell membranes provides two-fold damage to the
cells from SARS-CoV-2 infection: (1) abundant ACE2 receptors on epithelial cells provide
the virus with numerous entry points to the cells, and (2) since the virus occupies most of the
ACE?2 receptors, the remaining number is inadequate to convert enough ANG II into ANG
I to deflect the tissue damages by ANG IL Thus, both mechanisms might be responsible for
the death of infected cells, causing the destruction of tissues and leading to organ failure.
In a study published in 2020, Sriram and Insel argued that the level of ANG II activity
determines the severity of damage in COVID-19 patients [35,36]. Angiotensin 1-7 (Ang 1-7)
is an active heptapeptide (H-Asp-Arg-Val-Tyr-Ile-His-Pro-OH). It is produced from the
polypeptide Angiotensin 1 by the action of the enzyme neprilysin or from hydrolysis of
Ang I by ACE2 action [37]. Ang 1-7 is known to be a vasodilator with antioxidant and
anti-inflammatory effects [38,39] and counteracts the actions of Ang II [40].

SARS-CoV-2 also employs the cell surface transmembrane protease serine 2 (TM-
PRSS2) in order to prime the spike protein, which is necessary for binding to ACE2 [41-44].
TMPRSS2 is expressed on several host cells, including nasal, bronchial, and testes tis-
sues [42,43]. Furthermore, the prostate expressed very high levels of TMPRSS2, and one
study showed that androgens regulated the expression of both TMPRSS2 and ACE2 [43,44].
It was thought that since older men tended to have more severe symptoms of COVID-19,
it was plausible that increased TMPRSS2 expression was involved in the disparity [43].
However, Baughn et al. [44] showed that the expression of ACE2 and TMPRSS2 on several
tissues was similar in both men and women. They suggested that although the differ-
ences in expression of these markers may not explain COVID-19 severity between genders,
therapy targeting the activity of TMPRSS2 could be used as an alternate treatment [44].

2.4. Deficiency in Type I and Type 111 Interferons

Several articles have implicated a deficiency in Type I interferons (IFN-o and IFN-
) and the release of proinflammatory cytokines as factors in more severe forms of the
disease [45,46]. However, the possible reasons for the lack of Type I IFN responses may
involve several widely different mechanisms. The antiviral activity of the Type I interferons
has long been noted as being critical in any viral response. However, SARS-CoV-2 can
evade and counteract this activity by inhibiting both the release and antiviral activity of
interferons [46]. Others have reported that individuals with inherited mutations in genes
that regulate IFNs were more prone to life-threatening disease [47]. Bastard et al. (2020)
noted the production of autoantibodies to Type I IFNs in SARS-CoV-2 infected patients,
which appear to neutralize the activity of the cytokines [48]. Regardless of the reason for
decreased Type I interferons, the lack of these cytokines results in increased viral replication
followed by inflammation and a “cytokine storm” of proinflammatory cytokines [48]. This
leads to an accumulation of monocytes that creates lung pathology, tissue damage, and
decreased T cell responses [46]. A few studies have attempted clinical trials using Type I
IFN in COVID-19 patients where one reported an increased discharge rate and decreased
mortality in patients [49], while another [50] noted that treatment using IFN-a2b with or
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without arbidol reduced the presence of virus in the upper respiratory tract and decreased
levels of proinflammatory IL-6 and C-reactive protein (CRP).

The Type IIl interferons (IFN-y group) are preferentially expressed in the epithelial
cells of the respiratory and gastrointestinal tract and promote antiviral activity without
many of the proinflammatory effects of the Type I interferons [51]. As noted previously,
SARS-CoV-2 can block IFN production, and COVID-19 patients have also shown decreased
levels of Type III interferons [52,53]. Interestingly, one report noted that morbidity of
COVID-19 was associated with increased expression of Type I and Type III interferons
in the lungs [54]. Clinical trials using Type III interferons suggest that it may be harmful
if given later in the disease [54]. It was also noted that Type III interferon may alter the
protective barrier of the lung, causing the formation of bacterial superinfections [55]. This
and the high toxicity often associated with IFN-y therapy has led to caution in regards to
Type Il interferon therapy [52,55,56].

2.5. Cross-Reacting Antibodies to Other Coronaviruses

Some studies have suggested that partial protection against COVID-19 could be
obtained from prior exposure to other coronaviruses that cause seasonal colds [57]. In
one study, immunoglobin G (IgG) antibodies that could cross-react with the S2 subunit
of the SARS-CoV-2 spike protein were found in some SARS-CoV-2 uninfected subjects.
These antibodies had the ability to neutralize SARS-CoV-2. It was further noted that
children and adolescents, who are more prone to common colds, such as those that are
seasonal human coronavirus infections, had more of these types of antibodies. The authors
noted that while a recent cold could provide some immunity, the antibody titer might
not be protective against COVID-19. A second study also noted that antibodies to non-
COVID-19 coronaviruses cross-reacted with SARS-CoV-2 [58]. They reported that samples
collected from donors from sub-Saharan Africa were found to have more of the cross-
reacting antibody than those from the USA. The authors noted that this was due to human
coronaviruses being more prevalent in sub-Saharan Africa than in the United States and
may explain why infections and deaths due to COVID-19 were comparatively low. It has
also been noted that cross-reacting antibodies to human cold coronaviruses could result in
false positive COVID-19 testing [59]. Thus, it is feasible that many COVID-19 tests resulted
in faulty diagnoses due to previous exposure to the common cold.

2.6. Differences Due to Age

Numerous studies have pointed to differences in the age of patients as a key factor
in the response to SARS-CoV-2. Cases of COVID-19 were seven times lower in younger
children [26]. In general, adults were more prone to severe ARDS (acute respiratory
distress syndrome), whereas children normally had milder symptoms, although some had
multisymptom inflammatory syndrome (MIS-C) [60]. As with adults, not all children with
COVID-19 have the same manifestations. One possible reason for children having fewer
symptoms is that they have lower numbers of ACE2 receptors in their nasal epithelium [61].
Thus, some children may have more or less entry points for the virus than other children,
and this may be associated with why some develop the disease. Whether or not children
with COVID-19 were obese or had other health issues was not noted [60].

It is well known that antibody levels wane over time and that more recent immu-
nization will result in higher titers of antibody. Children normally have had the MMR
vaccine more recently and, thus, have more anti-mumps viral antibody [26]. Furthermore,
if the polio vaccine also provides protection, then those who received the vaccine and
are younger would have more available antibody that is cross-reactive. Furthermore,
as previously noted, children and younger adults generally have more seasonal human
coronavirus infections and thus have more cross-reacting antibodies [57].
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3. Discussion and Conclusions

Patients with COVID-19 have presented a wide range of symptoms and sequela [4-6].
In general, those who were older and /or had underlying medical conditions were more
prone to serious and, in many cases, life-threatening illnesses [20]. It is clear that having
a strong Type I interferon response was a key factor in those who had mild-to-absent
responses to SARS-CoV-2 [45,46].

Besides decreased Type I IFN in older individuals, the disparity in age-related cases
could be due to a multitude of other factors in young people, including fewer ACE2 recep-
tors, less likelihood of cytokine storm [61], and the presence of cross-reacting antibodies due
to infection with non-COVID coronaviruses that cause the common cold [57]. In addition,
cross-reacting antibodies to the mumps virus (via the MMR vaccine), the poliovirus [28],
or pneumococcal bacteria (Root-Bernstein, 2020) [27] could also provide some protection,
although it is not clear if this would fully protect someone against having COVID-19 [26].
Since the polio vaccine and the MMR vaccine are normally given to younger children,
it is feasible that they would have more available cross-reacting antibodies than adults,
for whom the antibody titers would have waned [26,62]. In addition to children younger
than two years of age, the pneumococcal vaccine is recommended for the elderly [63].
Lewnard et al. (2021) reported reduced incidence of COVID-19 in adults aged 65 or older
who had received the PCV13 vaccine, which is normally given to those who are two years
old, whereas the PPSV23 vaccine (normally given to older individuals) did not provide
protection [64]. The presence of various cross-reacting antibodies has also resulted in
false-positive diagnoses of COVID-19 [59]. As of this writing, there are several SARS-CoV-2
variants of concern. Health officials and researchers are currently studying the effects
of these variants, their susceptibility to vaccines, and whether they present new or dif-
ferent manifestations. At present, the evidence is preliminary, although it is developing
rapidly [65].

Because of previous and widespread vaccination, we no longer immunize anyone
against smallpox, which was declared eliminated in 1980 [66]. The polio virus was elimi-
nated in the western part of the world in 1994 but remains endemic in parts of Afghanistan,
Nigeria, and Pakistan [67]. As noted previously, vaccination against polio still continues
today in the United States. It is hoped that with effective vaccination policies for COVID-19,
the world will develop herd immunity and be protected against future pandemics. How-
ever, this will take considerable cooperation on the part of individuals and countries in
receiving and administering the protective vaccines against SARS-CoV-2.

Author Contributions: Conceptualization, M.S.Z. and R.C.S,; original draft preparation, M.S.Z. and
R.C.S,; review and editing, R.C.S. and M.S.Z. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to acknowledge Rakeen Zaman at Bagley College
of Engineering, Mississippi State University, USA, for his valuable assistance with the graphics
presented in this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Liu, D.X;; Liang, ].Q.; Fung, T.S. Human Coronavirus-229E, -OC43, -NL63, and -HKU1 Reference Module in Life. Science 2020, 90,
8478-8486. [CrossRef]

Mercatelli, D.; Giorgi, FM. Geographic and Genomic Distribution of SARS-CoV-2 Mutations. Front. Microbiol. 2020, 11, 1800.
[CrossRef]


http://doi.org/10.1016/B978-0-12-809633-8.21501-X
http://doi.org/10.3389/fmicb.2020.01800

Int. J. Environ. Res. Public Health 2021, 18, 9785 8 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

CSSE (Center for Systems Science and Engineering). Tracking COVID-19. 2021. Available online: https:/ /www.arcgis.com/apps/
opsdashboard /index.html#/bda7594740fd40299423467b48e%ecf6 (accessed on 3 September 2021).

Institute for Health Metrics and Evaluation IHME). Estimation of Excess Mortality Due to COVID-19. 2021. Available online: http:
/ /www.healthdata.org/special-analysis/estimation-excess-mortality-due-covid-19-and-scalars-reported-covid-19-deaths (ac-
cessed on 4 September 2021).

Couzin-Frankel, J. From ‘Brain Fog’ to Heart Damage, COVID-19’s Lingering Problems Alarm Scientists. 2020. Available
online: https:/ /www.sciencemag.org/news/2020/07 /brain-fog-heart-damage-covid-19-s-lingering-problems-alarm-scientists
(accessed on 23 December 2020).

CDC (Center for Disease Control). Symptoms of Corona Virus. 2020. Available online: https://www.cdc.gov/coronavirus/2019
-ncov/symptoms-testing /symptoms.html (accessed on 23 December 2020).

WHO (World Health Organization). Coronavirus. 2020. Available online: https:/ /www.who.int/health-topics/coronavirus#tab=
tab_3 (accessed on 23 December 2020).

CDC (Center for Disease Control). Coronavirus Disease 2019 (COVID-19): People with Certain Medical Condition. 2020.
Available online: https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.
htmI?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov %2Fneed-extra-precautions%2Fgroups-
at-higher-risk.html (accessed on 14 January 2021).

Faust, J.S.; Krumholz, HM.; Du, C.; Mayes, K.D,; Lin, Z.; Gilman, C.; Walensky, R.P. All-Cause Excess Mortality and COVID-19-
Related Mortality Among US Adults Aged 25-44 Years, March—July 2020. JAMA 2021, 325, 785-787. [CrossRef]

Long, Q.; Tang, X.; Shi, Q.; Li, Q.; Deng, H.; Yuan, J.; Hu, J.; Xu, W.,; Zhang, Y.; Lv, F; et al. Clinical and immunological assessment
of asymptomatic SARS-CoV-2 infections. Nat. Med. 2020, 26, 1200-1204. Available online: https:/ /www.nature.com/articles/s4
1591-020-0965-6 (accessed on 15 June 2021). [CrossRef] [PubMed]

Cha, A.E. Forty Percent of People with Coronavirus Infections Have No Symptoms. Might They Be the Key to Ending the
Pandemic? 2020. Available online: https://www.washingtonpost.com/health/2020/08 /08 /asymptomatic-coronavirus-covid /
(accessed on 29 December 2020).

Cha, A.E. Many People with the Coronavirus don’t Show Symptoms. Researchers Want to Know Why. 2020. Available
online: https://www.bostonglobe.com/2020/08/08 /nation/many-people-with-coronavirus-dont-show-symptoms-researchers-
want-know-why/ (accessed on 29 December 2020).

Pattersson, H.; Manley, B.; Hernandez, S. Tracking Covid-19's Global Spread. 2021. Available online: https:/ /www.cnn.com/
interactive/2020/health /coronavirus-maps-and-cases/ (accessed on 4 January 2021).

Miller, A.; Reandelar, M.].; Fasciglione, K.; Roumenova, V.; Li, Y.; Otazu, G.H. Correlation between universal BCG vaccination
policy and reduced morbidity and mortality for COVID-19: An epidemiological study. MedRxiv 2020. [CrossRef]

Mathurin, K.S.; Martens, G.; Kornfeld, H.; Welsh, R.M. CD4 T-Cell-Mediated Heterologous Immunity between Mycobacteria and
Poxviruses. J. Virol. 2009, 83, 3528-3539. [CrossRef] [PubMed]

Zwerling, A.; Behr, M.A_; Verma, A.; Brewer, T.F; Menzies, D.; Pail, M. The BCG World Atlas: A Database of Global BCG
Vaccination Policies and Practices. PLoS Med. 2011, 8, e1001012. [CrossRef]

Keener, A.B.; Repurposed Remedy. A 100-Year-Old Weapon against TB Shows Early Promise Against Multiple Diseases. 2021.
Available online: https://dokumen.pub/qdownload/june-5-2021-sciencenews.html (accessed on 14 July 2021).

Escobar, L.E.; Molina-Cruz, A.; Barillas-Mury, C. BCG vaccine protection from severe coronavirus disease 2019 (COVID-19). Proc.
Natl. Acad. Sci. USA 2020, 117,17720-17726. [CrossRef]

Fidel, PL.; Noverrb, M.C. Could an Unrelated Live Attenuated Vaccine Serve as a Preventive Measure to Dampen Septic
Inflammation Associated with COVID-19 Infection? mBio 2020, 11, e00907—e00920. [CrossRef]

Giamarellos-Bourboulis, E.J.; Tsilika, M.; Moorlag, S.; Antonakos, N.; Kotsaki, A.; Dominguez-Andres, J.; Kyriazopoulou, E.;
Gkavogianni, M.-E.; Adami, M.-E.; Damoraki, G.; et al. Activate: Randomized Clinical Trial of BCG Vaccination against Infection
in the Elderly. Cell 2020, 183, 315-323. [CrossRef]

Rivas, M.N.; Ebinger, ].E.; Wu, M.; Sun, N.; Braun, J.; Sobani, K.; Van Eyk, J.E.; Cheng, S.; Arditi, M. BCG Vaccination History
Associates with Decreased SARS-COV-2 Seroprevalence Across a Diverse Cohort of Health Care Workers. J. Clin. Investig. 2021,
131, e145157. [CrossRef]

Marin-Hernandez, D.; Nixon, D.F,; Hupert, N. Anticipated reduction in COVID-19 mortality due to population-wide BCG
vaccination: Evidence from Germany. Human Vacc. Immunother. 2021, 44, 1-3. [CrossRef]

McLean, H.Q.; Fiebelkorn, A.P,; Temte, J.I.; Wallace, G.S. Prevention of Measles, Rubella, Congenital Rubella Syndrome, and
Mumps. 2013. Available online: https://www.cdc.gov/mmwr/pdf/rr/rr6204.pdf (accessed on 13 March 2021).

Lapid, N. Childhood Vaccine Linked to Less Severe COVID-19, Cigarette Smoke Raises Risk. 2020. Available on-
line: https:/ /www.reuters.com/article/us-health-coronavirus-science/childhood-vaccine-linked-to-less-severe-covid-
19-cigarette-smoke-raises-risk-idUSKBN2802LP (accessed on 14 March 2021).

Marakasova, E.; Baranova, A. MMR Vaccine and COVID-19: Measles Protein Homology May Contribute to Cross-Reactivity or to
Complement Activation Protection. mBio 2021, 12, e03447-€20. [CrossRef]

Gold, J.E.; Baumgartl, WH.; Okyay, R.A.; Licht, W.E,; Fidel, P.L.; Noverr, M.C; Tilley, L.P.; Hurley, D.].; Rada, B.; Ashford, J.W.
Analysis of Measles-Mumps-Rubella (MMR) Titers of Recovered COVID-19 Patients. mBio 2020, 11, €02628-e20. Available online:
https:/ /mbio.asm.org/content/11/6/e02628-20 (accessed on 15 June 2021). [CrossRef] [PubMed]


https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
http://www.healthdata.org/special-analysis/estimation-excess-mortality-due-covid-19-and-scalars-reported-covid-19-deaths
http://www.healthdata.org/special-analysis/estimation-excess-mortality-due-covid-19-and-scalars-reported-covid-19-deaths
https://www.sciencemag.org/news/2020/07/brain-fog-heart-damage-covid-19-s-lingering-problems-alarm-scientists
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.who.int/health-topics/coronavirus#tab=tab_3
https://www.who.int/health-topics/coronavirus#tab=tab_3
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fneed-extra-precautions%2Fgroups-at-higher-risk.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fneed-extra-precautions%2Fgroups-at-higher-risk.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fneed-extra-precautions%2Fgroups-at-higher-risk.html
http://doi.org/10.1001/jama.2020.24243
https://www.nature.com/articles/s41591-020-0965-6
https://www.nature.com/articles/s41591-020-0965-6
http://doi.org/10.1038/s41591-020-0965-6
http://www.ncbi.nlm.nih.gov/pubmed/32555424
https://www.washingtonpost.com/health/2020/08/08/asymptomatic-coronavirus-covid/
https://www.bostonglobe.com/2020/08/08/nation/many-people-with-coronavirus-dont-show-symptoms-researchers-want-know-why/
https://www.bostonglobe.com/2020/08/08/nation/many-people-with-coronavirus-dont-show-symptoms-researchers-want-know-why/
https://www.cnn.com/interactive/2020/health/coronavirus-maps-and-cases/
https://www.cnn.com/interactive/2020/health/coronavirus-maps-and-cases/
http://doi.org/10.1101/2020.03.24.20042937
http://doi.org/10.1128/JVI.02393-08
http://www.ncbi.nlm.nih.gov/pubmed/19193795
http://doi.org/10.1371/journal.pmed.1001012
https://dokumen.pub/qdownload/june-5-2021-sciencenews.html
http://doi.org/10.1073/pnas.2008410117
http://doi.org/10.1128/mBio.00907-20
http://doi.org/10.1016/j.cell.2020.08.051
http://doi.org/10.1172/JCI145157
http://doi.org/10.1080/21645515.2021.1872344
https://www.cdc.gov/mmwr/pdf/rr/rr6204.pdf
https://www.reuters.com/article/us-health-coronavirus-science/childhood-vaccine-linked-to-less-severe-covid-19-cigarette-smoke-raises-risk-idUSKBN2802LP
https://www.reuters.com/article/us-health-coronavirus-science/childhood-vaccine-linked-to-less-severe-covid-19-cigarette-smoke-raises-risk-idUSKBN2802LP
http://doi.org/10.1128/mBio.03447-20
https://mbio.asm.org/content/11/6/e02628-20
http://doi.org/10.1128/mBio.02628-20
http://www.ncbi.nlm.nih.gov/pubmed/33219096

Int. J. Environ. Res. Public Health 2021, 18, 9785 90of 10

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.

Root-Bernstein, R. Possible Cross-Reactivity between SARS-CoV-2 Proteins, CRM197 and Proteins in Pneumococcal Vaccines
May Protect Against Symptomatic SARS-CoV-2 Disease and Death. Vaccines 2020, 8, 559. [CrossRef]

Comunale, B.A.; Engineer, L.; Jiang, Y.; Andrews, ].C.; Liu, Q.; Ji, L.; Yurkovich, ].T.; Comunale, R.A.; Xie, Q. Poliovirus Vaccination
Induces a Humoral Immune Response that Cross Reacts with SARS-CoV-2. MedRxiv 2021. [CrossRef]

Le Bert, N.; Tan, A.T,; Kunasegaran, K.; Tham, C.Y.L.; Hafezi, M.; Chia, A.; Chng, M.H.Y,; Lin, M.; Tan, N.; Linster, M.; et al.
SARS-CoV-2-specific T cell immunity in cases of COVID-19 and SARS, and uninfected controls. Nature 2020, 584, 457-462.
[CrossRef]

Wang, Z.; Yang, X.; Zhong, J.; Zhou, Y.; Tang, Z.; Zhou, H.; He, ]J.; Mei, X,; Tang, Y.; Lin, B.; et al. Exposure to SARS-CoV-2
generates T-cell memory in the absence of a detectable viral infection. Nat. Commun. 2021, 12, 1724. [CrossRef]

Wang, Z.; Yang, X.; Zhou, Y.; Sun, |; Liu, X.; Zhang, J.; Mei, X.; Zhong, ].; Zhao, ].; Ran, P. COVID-19 severity correlates with
weaker T-Cell immunity, hypercytokinemia, and lung epithelium injury. Am. J. Respir. Crit. Care Med. 2020, 202, 606-610.
[CrossRef]

Ni, W,; Yang, X.; Yang, D.; Bao, J.; Li, R.; Xiao, Y.; Hou, C.; Wang, H,; Liu, J.; Yang, D.; et al. Role of angiotensin-converting enzyme
2 (ACE2) in COVID-19. Crit. Care 2020, 24, 422. [CrossRef]

Sriram, K.; Insel, P.; Loomba, R. What is the ACE2 receptor, how is it connected to coronavirus and why might it be key to treating
COVID-19? The Experts Explain. 2020. Available online: https://theconversation.com/what-is-the-ace2-receptor-how-is-it-
connected-to-coronavirus-and-why-might-it-be-key-to-treating-covid-19-the-experts-explain-136928 (accessed on 28 June 2021).
Gurley, S.B.; Coffman, T.M. Angiotensin-converting enzyme 2 gene targeting studies in mice: Mixed messages. Exp. Physiol. 2008,
93, 538-542. [CrossRef] [PubMed]

Santos, S.H.S.; Andrade, ] M.O. Angiotensin 1-7: A peptide for preventing and treating metabolic syndrome. Peptides 2014, 59,
34-41. [CrossRef]

Sriram, K.; Insel, P.A. A hypothesis for pathobiology and treatment of COVID-19: The centrality of ACE1/ACE2 imbalance. Brit.
Pharm. Soc. 2020, 177, 4825-4844. [CrossRef]

Chappell, M.C. Biochemical evaluation of the renin-angiotensin system: The good, bad, and absolute? Am. J. Physiol. 2016, 310,
H137-H152. [CrossRef]

Benter, L.E; Yousif, M.H.; Dhaunsi, G.S.; Kaur, J.; Chappell, M.C.; Diz, D.I. Angiotensin-(1-7) prevents activation of NADPH
oxidase and renal vascular dysfunction in diabetic hypertensive rats. Am. J. Nephrol. 2008, 28, 25-33. [CrossRef]

El-Hashim, A.Z.; Renno, W.M.; Raghupathy, R.; Abduo, H.T.; Akhtar, S.; Benter, I.F. Angiotensin-(1-7) inhibits allergic inflam-
mation, via the MASI receptor, through suppression of ERK1/2- and NF-kB-dependent pathways. Brit. ]. Pharmacol. 2012, 166,
1964-1976. [CrossRef] [PubMed]

Santos, R.A.S.; Sampaio, W.O.; Alzamora, A.C.; Motta-Santos, D.; Alenina, N.; Bader, M.; Campagnole-Santos, M.]. The
ACE2/ Angiotensin-(1-7) /MAS Axis of the Renin-Angiotensin System: Focus on Angiotensin-(1-7). Physiol. Rev. 2018, 1, 505-553.
[CrossRef] [PubMed]

Hoffmann, M.; Kleine-Weber, H.; Schroeder, S.; Kriiger, N.; Herrler, T.; Erichsen, S.; Schiergens, T.S.; Herrler, G.; Wu, N.; Nitsche,
A.; et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. Cell
2020, 181, 271-280.€8. [CrossRef] [PubMed]

Sungnak, W.; Huang, N.; Becavin, C.; Berg, M.; Queen, R.; Litvinukova, M.; Talavera-Lopez, C.; Maatz, H.; Reichart, D.;
Sampaziotis, F; et al. SARS-CoV-2 entry factors are highly expressed in nasal epithelial cells together with innate immune genes.
Nat. Med. 2020, 26, 681-687. [CrossRef] [PubMed]

Qiao, Y.; Wang, X.-M.; Mannan, R.; Pitchiaya, S.; Zhang, Y.; Wotring, ].W.; Xiao, L.; Robinson, D.R.; Wu, Y.-M.; Tien, ].C.-Y,; et al.
Targeting transcriptional regulation of SARS-CoV-2 entry factors ACE2 and TMPRSS2. Proc. Nat. Acad. Sci. USA 2021, 118,
€2021450118. [CrossRef] [PubMed]

Baughn, L.B.; Sharma, N.; Elhaik, E.; Sekulic, A.; Bryce, A.H.; Fonseca, R. Targeting TMPRSS2 in SARS-CoV-2 Infection. Mayo
Clin. Proc. 2020, 95, 1989-1999. [CrossRef] [PubMed]

Meffre, E.; Iwasaki, A. Interferon deficiency can lead to severe COVID. Nature 2020, 587, 374-376. [CrossRef] [PubMed]

Sa Ribero, M.; Jouvenet, N.; Dreux, M.; Nisole, S. Interplay between SARS-CoV-2 and the type I interferon response. PLoS Pathog.
2020, 16, €1008737. [CrossRef]

Zhang, Q.; Bastard, P; Liu, Z.; Le Pen, J.; Moncada-Velez, M.; Chen, J.; Ogishi, M.; Sabli, L.K.D.; Hodeib, S.; Korol, C.; et al. Inborn
errors of type I IFN immunity in patients with life-threatening COVID-19. Science 2020, 370, 1396-1400. [CrossRef] [PubMed]
Bastard, P; Rosen, L.B.; Zhang, Q.; Michailidis, E.; Hoffmann, H.H.; Zhang, Y. Autoantibodies against type I IFNs in patients with
life-threatening COVID-19. Science 2020, 370, eabd4585. [CrossRef] [PubMed]

Davoudi-Monfared, E.; Rahmani, H.; Khalili, H.; Hajiabdolbaghi, M.; Salehi, M.; Abbasian, L.; Kazemzadeh, H.; Yekaninejad,
M.S. A randomized clinical trial of the efficacy and safety of interferon (3-1a in treatment of severe COVID-19. Antimicrob. Agents
Chemother. 2020, 64, €01061-20. [CrossRef]

Qiang, Z.; Chen, V.; Shannon, C.P,; Wei, X.; Xiany, X.; Wang, X.; Wang, Z.; Tebbutt, S.J.; Kollmann, T.R.; Fish, E.N. Interferon -«2b
Treatment for COVID-19. Front. Immunol. 2020, 11, 1061. Available online: https://www.frontiersin.org/articles/10.3389 /fimmu.
2020.01061/full (accessed on 4 May 2021).


http://doi.org/10.3390/vaccines8040559
http://doi.org/10.1101/2021.06.19.21257191
http://doi.org/10.1038/s41586-020-2550-z
http://doi.org/10.1038/s41467-021-22036-z
http://doi.org/10.1164/rccm.202005-1701LE
http://doi.org/10.1186/s13054-020-03120-0
https://theconversation.com/what-is-the-ace2-receptor-how-is-it-connected-to-coronavirus-and-why-might-it-be-key-to-treating-covid-19-the-experts-explain-136928
https://theconversation.com/what-is-the-ace2-receptor-how-is-it-connected-to-coronavirus-and-why-might-it-be-key-to-treating-covid-19-the-experts-explain-136928
http://doi.org/10.1113/expphysiol.2007.040014
http://www.ncbi.nlm.nih.gov/pubmed/18376006
http://doi.org/10.1016/j.peptides.2014.07.002
http://doi.org/10.1111/bph.15082
http://doi.org/10.1152/ajpheart.00618.2015
http://doi.org/10.1159/000108758
http://doi.org/10.1111/j.1476-5381.2012.01905.x
http://www.ncbi.nlm.nih.gov/pubmed/22339213
http://doi.org/10.1152/physrev.00023.2016
http://www.ncbi.nlm.nih.gov/pubmed/29351514
http://doi.org/10.1016/j.cell.2020.02.052
http://www.ncbi.nlm.nih.gov/pubmed/32142651
http://doi.org/10.1038/s41591-020-0868-6
http://www.ncbi.nlm.nih.gov/pubmed/32327758
http://doi.org/10.1073/pnas.2021450118
http://www.ncbi.nlm.nih.gov/pubmed/33310900
http://doi.org/10.1016/j.mayocp.2020.06.018
http://www.ncbi.nlm.nih.gov/pubmed/32861340
http://doi.org/10.1038/d41586-020-03070-1
http://www.ncbi.nlm.nih.gov/pubmed/33139913
http://doi.org/10.1371/journal.ppat.1008737
http://doi.org/10.1126/science.abd4570
http://www.ncbi.nlm.nih.gov/pubmed/32972995
http://doi.org/10.1126/science.abd4585
http://www.ncbi.nlm.nih.gov/pubmed/32972996
http://doi.org/10.1128/AAC.01061-20
https://www.frontiersin.org/articles/10.3389/fimmu.2020.01061/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.01061/full

Int. J. Environ. Res. Public Health 2021, 18, 9785 10 of 10

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

Jafarzadeh, A.; Nemati, M.; Saha, B.; Bansode, Y.D.; Jafarzadeh, S. Protective Potentials of Type III Interferons in COVID-19
Patients: Lessons from Differential Properties of Type I- and III Interferons. Viral. Immunol. 2021, 34, 307-320. [CrossRef]
[PubMed]

Kim, Y.M.; Shin, E.C. Type I and III interferon responses in SARS-CoV-2 infection. Exp. Mol. Med. 2021, 53, 750-760. [CrossRef]
Kim, M.-H.; Salloum, S.; Wang, ].Y.; Ping, W.L.; Regan, ]J.; Lefteri, K.; Manickas-Hill, Z.; Gao, C.; Li, ].Z.; I Sadreyev, R ; et al. Type
I, 11, and IIT interferon signatures correspond to COVID-19 disease severity. J. Infect. Dis. 2021, 224, 777-782. [CrossRef]

Broggi, A.; Ghosh, S.; Sposito, B.; Spreafico, R.; Balzarini, F.; Cascio, A.L.; Clementi, N.; De Santis, M.; Mancini, N.; Granucci, F.;
et al. Type Ill interferons disrupt the lung epithelial barrier upon viral recognition. Science 2020, 369, 706-712. [CrossRef]
Fliesler, N. Type III Interferon in COVID-19: Protective or Harmful? 2020. Available online: https://answers.childrenshospital.
org/interferon-covid-19/ (accessed on 5 September 2021).

Sriskandan, K.; Garner, P.; Watkinson, J.; Pettingale, K.W.; Brinkley, D.; Calman, EM.; Tee, D.E. A toxicity study of recombinant
interferon-gamma given by intravenous infusion to patients with advanced cancer. Cancer Chemother Pharm. 1986, 18, 63—-68.
[CrossRef]

Ng, KW.; Faulkner, N.; Cornish, G.H.; Rosa, A.; Harvey, R.; Hussain, S. Preexisting and de novo humoral immunity to
SARS-CoV-2 in humans. Science 2020, 370, 1339-1343. [CrossRef]

Tso, EY.; Lindenage, S.J.; Pena, P.B; Clegg, A.A.; Ngowi, ].R.; Mwaiselage, J.; Ngalamika, O.; Julius, P.; West, J.T.; Wood, C. High
prevalenace of pre-existing serological cross-reactivity against severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) in
sub-Sharan Africa. Int. J. Infect. Dis. 2021, 102, 577-583. [CrossRef] [PubMed]

Shibata, S.; Ishiguro, T.; Kobayashi, Y.; Koike, M.; Numano, T.; Shimizu, Y.; Taksyanagi, N. High incidence of false-positive results
of IgG antibody against SARS-CoV-2 with rapid immunochromatographic antibody test due to human common cold coronavirus
infection. Respir. Med. Case Rep. 2020, 31, 101180. [CrossRef]

Girona-Alarcon, M.; Bobillo-Perez, S.; Sole-Ribalta, A.; Hernandez, L.; Guitart, C.; Suarez, R.; Balaguer, M.; Francisco-Jose, C.;
Jordan, I. The different manifestations of COVID-19 in adults and children: A cohort study in an intensive care unit. BMC Infect.
Dis. 2021, 21, 87. [CrossRef] [PubMed]

Kloc, M.; Ghobrial, R.M.; Kuchar, E.; Lewicki, S.; Kubiak, J.Z. Development of child immunity in the context of COVID-19
pandemic. Clin. Immunol. 2020, 217, 108510. [CrossRef] [PubMed]

CDC (Center for Disease Control). Polio Vaccination: What Everyone Should Know. 2018. Available online: https://www.cdc.
gov/vaccines/vpd/polio/public/index.html (accessed on 24 December 2020).

CDC (Center for Disease Control). Pneumococcal Vaccination: What Everyone Should Know. 2020. Available online: https:
/ /www.cde.gov/vaccines/vpd/pneumo/public/index.html (accessed on 27 December 2020).

Lewnard, J.A.; Bruxvoort, K.J.; Fischer, H.; Hong, V.X.; Grant, L.R.; Jodar, L.; Gessner, B.D.; Tartof, S.Y. Prevention of COVID-
19 among older adults receiving pneumococcal conjugate vaccine suggests interaction between Streptococcus pneumoniae and
SARS-CoV-2 in the respiratory tract. J. Infect. Dis. 2021, 128, 156. [CrossRef]

WHO. The Effects of Virus Variants on COVID-19 Vaccines. 2021. Available online: https://www.who.int/news-room/feature-
stories/detail / the-effects-of-virus-variants-on-covid-19-vaccines?gclid=Cj0OKCQjw-NaJBhDsARIs A Aja6dOyeZWwc31zI3
NLSalkNYJW51]JTwwV20V3E8KRseBFHx0BjbjWW7aMaAgf-EALw_wcB (accessed on 6 September 2021).

CDC (Center for Disease Control). Smallpox. 2017. Available online: https://www.cdc.gov/smallpox/ (accessed on 1 June 2021).
History of Polio. 2018. Available online: https://www.historyofvaccines.org/timeline/polio (accessed on 10 June 2021).


http://doi.org/10.1089/vim.2020.0076
http://www.ncbi.nlm.nih.gov/pubmed/33147113
http://doi.org/10.1038/s12276-021-00592-0
http://doi.org/10.1093/infdis/jiab288
http://doi.org/10.1126/science.abc3545
https://answers.childrenshospital.org/interferon-covid-19/
https://answers.childrenshospital.org/interferon-covid-19/
http://doi.org/10.1007/BF00253067
http://doi.org/10.1126/science.abe1107
http://doi.org/10.1016/j.ijid.2020.10.104
http://www.ncbi.nlm.nih.gov/pubmed/33176202
http://doi.org/10.1016/j.rmcr.2020.101180
http://doi.org/10.1186/s12879-021-05786-5
http://www.ncbi.nlm.nih.gov/pubmed/33472588
http://doi.org/10.1016/j.clim.2020.108510
http://www.ncbi.nlm.nih.gov/pubmed/32544611
https://www.cdc.gov/vaccines/vpd/polio/public/index.html
https://www.cdc.gov/vaccines/vpd/polio/public/index.html
https://www.cdc.gov/vaccines/vpd/pneumo/public/index.html
https://www.cdc.gov/vaccines/vpd/pneumo/public/index.html
http://doi.org/10.1093/infdis/jiab128
https://www.who.int/news-room/feature-stories/detail/the-effects-of-virus-variants-on-covid-19-vaccines?gclid=Cj0KCQjw-NaJBhDsARIsAAja6dOyeZWwc31zI3NLSaIkNYJW51JTwwV20V3E8KRseBFHx0BjbjWW7aMaAgf-EALw_wcB
https://www.who.int/news-room/feature-stories/detail/the-effects-of-virus-variants-on-covid-19-vaccines?gclid=Cj0KCQjw-NaJBhDsARIsAAja6dOyeZWwc31zI3NLSaIkNYJW51JTwwV20V3E8KRseBFHx0BjbjWW7aMaAgf-EALw_wcB
https://www.who.int/news-room/feature-stories/detail/the-effects-of-virus-variants-on-covid-19-vaccines?gclid=Cj0KCQjw-NaJBhDsARIsAAja6dOyeZWwc31zI3NLSaIkNYJW51JTwwV20V3E8KRseBFHx0BjbjWW7aMaAgf-EALw_wcB
https://www.cdc.gov/smallpox/
https://www.historyofvaccines.org/timeline/polio

	Introduction 
	Probable Explanations for Why SARS-CoV-2 Positive Individuals Remain Asymptomatic or Have Mild Symptoms 
	COVID-19 Immunity from Other Unrelated Vaccinations 
	Memory T Cell-Mediated Immunity 
	ACE2 Receptors 
	Deficiency in Type I and Type III Interferons 
	Cross-Reacting Antibodies to Other Coronaviruses 
	Differences Due to Age 

	Discussion and Conclusions 
	References

