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Abstract

The pandemic caused by SARS-CoV-2 in 2020 and still raging in 2021 is a global emergency where no country
was spared from its high morbidity and mortality. Life changed in innumerable ways, from lock downs to job
losses, isolation and mental health crisis. All countries suffered. If it were not for the quick development of
medications and vaccines, coupled with preventive measures like facial masks, social distancing and frequent
washing of hands, we will be in a worse chaos. Some countries like India and many in Latin America have
been devastated and its consequences will be long felt even after the pandemic is controlled. Understanding
the cause, its epidemiology and controlled measures is important. Although it took 100 years to encounter a
global pandemic of this magnitude, scientists warn of almost inevitable future global pandemics. This review
will explore some salient aspects of SARS-CoV-2 impact and measures to control the infection. The world’s
death toll caused by SARS-CoV-2 exceeds 3 million and close to 200 million people have been infected. The
available vaccines used in more than 400 million individuals, still fall short of producing herd immunity despite
the high efficacy rate of most of them. There is a pressing need to immunize 80% or more. Some side effects
to vaccine were reported, the majority of minor impact, although some rare ones are more serious such as
thrombotic thrombocytopenia or myocarditis. Still the protection afforded from the vaccine vastly outweighs
the risks and its wide use is encouraged.
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Resumen

La pandemia causada por el SARS-CoV-2 en 2020 y que aln continua en 2021 es una emergencia mundial en
la que ningun pais se libro de su alta morbilidad y mortalidad. La vida cambi6 de innumerables formas, desde
bloqueos hasta pérdida de empleo, aislamiento y crisis de salud mental. Todos los paises sufrieron. Si no fuera
por el rapido desarrollo de medicamentos y vacunas, sumado a medidas preventivas como mascarillas faciales,
distanciamiento social y lavado frecuente de manos, estariamos en un caos peor. Algunos paises como India y
muchos en América Latina han sido devastados y sus consecuencias se sentirén durante mucho tiempo incluso
después de que se controle la pandemia. Es importante comprender la causa, su epidemiologia y las medidas
controladas. Aunque tomo 100 anos encontrar una pandemia global de esta magnitud, los cientificos advierten
sobre pandemias globales futuras casi inevitables. Esta revision explorara algunos aspectos destacados del
impacto del SARS-CoV-2 y las medidas para controlar la infeccion. La cifra mundial de muertes causadas por el
SARS-CoV-2 supera los 3 millones y se han infectado cerca de 200 millones de personas. Las vacunas disponibles
que se utilizan en mas de 400 millones de personas aln no logran producir inmunidad colectiva a pesar de la alta
tasa de eficacia de la mayoria de ellas. Existe una necesidad imperiosa de inmunizar al 80% o mas. Se informaron
algunos efectos secundarios de la vacuna, la mayoria de impacto menor, aunque algunos raros son mas graves,
como trombocitopenia trombatica o miocarditis. Aun asi, la proteccion que brinda la vacuna supera con creces los
riesgos y se alienta su amplio uso.

Palabras clave: Coronavirus Relacionado al Sindrome Respiratorio Agudo Severo; Vacunas; Coronavirus
(fuente: DeCS BIREME).
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INTRODUCTION

Although the origin of viruses is un-
clear, they appeared billions of years
before humans evolved on earth. The vi-
ruses are not considered living organisms
and do not have their own metabolism.
They depend on the cell host to survive,
multiply and spread. In doing that, they
disrupt cell function and engender disea-
se. Scientists have classified viruses by
their shape, their cell host or their gene-
tic code. Of interest to this article is the
genetic code classification, viruses can be
RNA or DNA viruses. The SARS-CoV-2 and
its family of coronavirus are classified as
RNA who belong to the family Coronavi-
ridae. Four are known to cause seasonal
community acquired upper respiratory
tract infections: 229E, NL63, OC43 and
HKU1.Besides the actual pandemic virus,
there were two earlier SARS viruses res-
ponsible for serious although limited out-
breaks as described in Table 1.

DEVELOPMENT OF THE TOPIC

In December 2019, the first cases of
rapidly spreading pneumonia were re-
ported from Wuhan City, China. Its most
likely origin was zoonotic, hypothesized
to have started from ‘wet” markets com-
mon in China, with bats and pangolins
considered the likely reservoirs. However,
its origin is still being investigated. The
virus was promptly sequenced by Chine-
se scientists and data made available in
early January 2021 Y. The development
of diagnostic tests and vaccines were en-
hanced by this knowledge. SARS-CoV-2
nucleotides similarity to other coronavi-
ruses and possible length of immunity is
shown in Table 2. Reinfection is not un-
common with coronaviruses; it is uncer-
tain if it due to short-lived immunity or
infection with variants of the same virus
or probably contribution of both mecha-
nisms . Whether pre-existing immunity
to seasonal coronaviruses offer cross pro-
tection against SARS-CoV-2 is an impor-
tant question whose answer is unknown.

The structure of the SARS-CoV-2 virion
is known to be a spherical, enveloped
virus with three structural proteins: the
spike glycoprotein, the membrane pro-

Table 1. SARS viruses’ source of serious disease.

Year Svndrome First # countries # cases # deaths
Diagnosed Y reported ffected. Reported reported
2002-2003 SARS China 26 8096 774
Saudi 27 2494 858
2012 MERS
Arabia
2019- SARS-COV-2 China 213 180 million. 3.8 million
to date to date

tein and the envelope protein. The nu-
cleocapsid protein is associated with the
membrane protein.

The spike glycoprotein allows the
SARS-CoV-2 to attach to cells that have
angiotensin converting enzyme 2 (ACE2)
receptors (lung, intestine and others).
Humoral and cellular immunity are of
primary importance to control the in-
fection. If the innate anti-viral pathway
is not enough to stop the infection, the
viral RNA is released into the cell and a
cascade of events ensues culminating in
the assembly of daughter virions. If the
infected human is able to stimulate an
immune response (natural or due to vac-
cination), the B cells will produce neutra-
lizing antibodies targeting the spike and
the receptor binding domain. Another
important mechanism of defense s
the activation of Th cells and cytotoxic
lymphocytes stimulating production of
cytokines which  will recognize and kill
infected cells. Both B and T cells have im-
munological memory which last at least 6
months @, Although it is expected to last
12 months or more.

It is important to understand that the
correlates of protection against SARS-
CoV-2 are unknown as such the levels of

antibodies or role of T cells in suppres-
sing the infection have not been yet com-
pletely elucidated.

Clinical manifestations

After the incubation period, usually of
5 days, with a range of 1-14 days, symp-
toms appear, some subjects remain as-
ymptomatic (see below). The most com-
mon symptoms are fever (88%), cough
(68%), fatigue (38%) and in decreasing
percentages: shortness of breath, sore
throat, muscle pain. Some may experien-
ce loss of the sense of smell, nausea, vo-
miting and diarrhea. This wide variety of
clinical disease phenotypes suggest that
many clinical factors are associated with
severity, such as age, gender and ethnici-
ty of the individuals. Existing comorbidi-
ties like diabetes, obesity, smoking status
play a role. And importantly, the immu-
ne response (neutralizing antibody and
CD4/CDS8 responses) are found to play a
significant function @.

Asymptomatic infection

Quantifying the proportion of symp-
tom-free individuals relative to sympto-
matic subjects is difficult and not unique
to the SARS-CoV-2 infection. However,
the range of clinical manifestations ob-

Table 2. Known coronaviruses, their similarity and known lasting immunity.

Coronavirus
(year described)

% Nucleotide similarity to
SARS-CoV-2

Lasting immunity

229E (1960) 56% 80 days to few years
NL63 (2004) 57% 80 days to few years
0C43 (2004) 57% 80 days to few years
HKU1 (2005) 58% 80 days to few years
SARS-CoV (2002). 80% 2-3 years
MERS (2012) 58% 2-3 years
SARS-CoV-2 (2019) 100% uncertain
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served varies from no symptoms, to
mild illness, severe illness and death in
this particular viral disease is striking. A
systematic review of 61 studies showed
about a third of more than 1.8 million
who tested positive by nasal swab poly-
merase chain reaction (PCR) or by antibo-
dy testing, had no symptoms at the time
of testing. And about 75% of this group
remained free of symptoms for the du-
ration of follow up ©. It is important to
stress that asymptomatic individuals are
capable of transmitting infection that
becomes symptomatic as shown in an
epidemiologic study in China ©. The va-
ccine is capable to reduce asymptomatic
infections 7).

Diagnosis of SARS-CoV-2 infection

The diagnosis is made by detection
of viral RNA in nasal swabs or saliva spe-
cimens by polymerase chain reaction
(PCR) or by enzyme-linked immunosor-
bent assay measuring 1gG antibody to
the receptor binding domain of the spike
protein. Antigen testing is available but
has less sensitivity and is not the prefe-
rred method. Neutralizing antibodies
are complex and expensive tests and not
necessary for diagnosis of SARS-CoV-2
infection. The dynamics of virus-induced
antibodies require long term studies.

Vaccines

Scientists used known vaccine plat-
forms like inactivated virus (whole non-
viable virus) as well as novel systems,
not previously tested in human such as
synthetically produced messenger RNA
(mRNA) or vaccines that use non-repli-
cating adenoviral vectors. At this time
more than 75 vaccines are in develop-

ment and 12 have been authorized for
use in different countries. In the United
States of America, three vaccines recei-
ved emergency use authorization from
the U. S. Food and Drug Administration:
two mRNA vaccines: Moderna and Pfizer-
BioNTech and one adenovirus vector
product: Johnson & Johnson/Janssen.
Besides the three products, other vacci-
nes are in use in other parts of the world
as depicted in Table 3 and will be briefly
described.

mRNA vaccines

Both products, Moderna and Pfizer-
BioNTech utilize the SARS-CoV-2 spike
protein as their antigen. They are synthe-
tically produced mRNA encoding an area
of the spike protein, they contain a lipid
particle. Once injected in muscle, the
mMRNA is conducive to the formation of
viral antigen provoking antibody forma-
tion. The vaccines are injectable, 3 to 4
weeks apart and in phase 3 clinical trials
have demonstrated a 95% efficacy as
compared to placebo . There were
side effects but most were not severe
and temporary. Anaphylactic reactions
were reported at a rate of one in about
one million of immunized subjects 10,
In Israel, a population observational stu-
dy of more than 500,000 immunized ver-
sus a similar number of non-immunized,
confirmed a 94% protection 2.

Viral Vector Vaccines

As shown in Table 3, at least four va-
ccines using an inactivated viral vector
system have been tested in humans.
AstraZeneca vaccine uses a chimpanzee-
derived adenovirus (ChAdOx1), the Jo-
hnson & Johnson/Janssen vaccine uses

Table 3. Vaccines available in more than 10 countries.

Vaccine Platform Type Reference
Pfizer BioNTech mRNA 9
Moderna mRNA 8
Johnson & Johnson Viral Vector 14
AstraZeneca Viral Vector 13
Sputnik V Viral Vector 15
CanSino Viral Vector 16
Sinopharm Inactivated virus 17
Sinovac Inactivated virus 18
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a recombinant adenovirus (Ad26), the
Russian vaccine Sputnik V uses recom-
binant Ad26 and Ad5 and CanSino uses
recombinant Ad5.

The phase 3 clinical trial efficacy re-
sults are shown in Figure 1 891314151 Ag-
traZeneca shows two rates because a
group in the study received half a dose
followed by a full dose, the low-dose ini-
tial group had an efficacy rate of 90%,
while the group who received two full
doses had 62%. Sputnik V is administered
in two injections spaced 4 weeks apart,
an efficacy rate of 91.6% was reported.
In recent communication in the press, we
learned of Sputnik V ‘light’” or one-dose
vaccination was successful.

The Johnson & Johnson/Janssen vaccine
phase 3 clinical trials rendered a 67% effi-
cacy rate after single dose administration.

In a phase 2 trial, CanSino vaccine %9,
was reported to induce significant immu-
ne responses after a single immunization
with a dose 5x10'* Phase 3 clinical trial is
not available in the scientific literature.

Inactivated Vaccines

Sinopharm and Sinovac vaccines 1719
were manufactured using traditional
methods of cell culture, chemically inacti-
vated ad adjuvanted with alum. The effi-
cacy rates of phase 3 clinical trials have
not been published but reported by
their manufacturers as to be 79% for Si-
nopharm, although recently the efficacy
has been questioned because of large out-
breaks in countries where Sinopharm vac-
cine was widely used. Sinovac was 50.3%
effective in a Brazilian trial and 83.5% in
Saudi Arabia. Sinopharm vaccine recently
received emergency use authorization by
the World Health Organization.

Viral Variants

Viruses have the ability to mutate, this
characteristic makes them able to evade
the immune system and continue mul-
tiplying. This attribute is not unique to
SARS-CoV-2 but to just about all existing
viruses. Certain viruses like influenza are
notorious for escaping and not allowing a
universal vaccine.

The current vaccines against SARS-
CoV-2 were formulated against the spike
zone and the receptor binding domain
(RBD) zone of the virus and Table 4
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Table 4. Variants of concern.

([;Z::rtige/:ate Viral Variant (Pango lineage*) New Nomenclature WHO
United Kingdom B.1.17 Alpha
December 2020

South Africa B.1.351 Beta
December 2020

Brazil P.1 Gamma

January 2021

USA/California B.1.427 17

India B1.617.2 Delta

*Pango nomenclature identifies SARS-CoV-2 genetic lineage

shows the reported variants of concern.
The variants have two worrisome abili-
ties: a) evade immunity from vaccine or
infection with original SARS-CoV-2 virus
causing illness and b) increase affinity
to ACE-2 therefore allowing rapid viral
spread. Some variants like the ones des-
cribed in South Africa and India, combi-
ne both types of mutations and are of
particular concern. For example, during
a phase 3 trial in South Africa, the Astra-
Zeneca vaccine induced antibody was not
able to neutralize the variant virus and
its reduction of potency was described
as-86% ™), The variant from the United
Kingdom is more transmissible but does

%

100

o

o

o

o

o

o

Pfizer Moderna

not evade vaccine-induced antibody in
significant amount.

In addition, there are reports of in-
dividuals fully immunized who have
breakthrough infections despite robust
vaccine-induced antibody. Viral sequen-
cing in these cases showed the mutations
of concern that allow neutralizing antibo-
dy-viral escape ?? and reduction of vacci-
ne efficacy Y.

Adverse Events

Besides the anaphylactic reactions
observed after the mRNA vaccines (1011,

- 94.5 91.6 9%

90
80 72
70 62 ®4 61
6
5
4
3
2
1

0

Sputnik AstraZeneca J&J

Figure 1. Vaccine efficacy in phase 3 studies.

the risk of serious adverse events is low
after immunizing more than 400 million
people @2, However, cases of immune
thrombocytopenia and bleeding without
thrombosis after both mRNA vaccines
were reported ?3. Similar cases after the
AstraZeneca vaccine and the Johnson &
Johnson vaccine have been reported in
different parts of the world were descri-
bed 4 several of the thromboses occu-
rred at unusual sites, like cerebral venous
sinus thrombosis or pulmonary emboli
or acute arterial thromboses. Treatment
with intravenous immune globulin and
high-dose glucocorticoids have improved
the significant thrombocytopenia obser-
ved in these cases. Early recognition is
paramount.

Pericarditis and myocarditis has been
described in young people after receipt
of mRNA vaccines, it is a rare syndro-
me and individuals affected recovered
without known sequelae 529,

CONCLUSION

The pandemic generated by SARS-CoV-2
infection is still ongoing and no herd im-
munity has been accomplished. In places
where 50% or more of the population has
been immunized, the rate of infections and
covid-related deaths are substantially de-
creasing and the economy is recovering.
Certain regions where the vaccine use is
lagging are at higher risk, not only of infec-
tion but of generating new viral variants.
At this time there are no variants of high
consequence but one or more could be ini-
tiated rendering null the efforts to control
the infection. Despite some serious side
effects in some individuals, the protection
afforded by the vaccine outweighs the risks
and is highly encouraged,
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