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Abstract

Coronavirus disease is a respiratory infection caused by the SARS-CoV-2 virus, which causes a

cascade of systemic events, affecting various organs and tissues. Understanding the pathophysio-
logy of COVID-19 is essential to treat patients and understand the causes of the complications in a
significant number of recovered patients. This article presents a review of the effects of infection
on various organs and systems that will be useful as reference material for healthcare profes-
sionals and medical students. To this end, a literature search was conducted in PubMED, Scielo,
Google Scholar, Cochrane, and Springer Link portals, as well as in the pre-publication scientific re-
positories bioRxiv (“bioarchives”) and medRxiv (“med-archives”) databases. From about 200,000
papers, 100 articles were selected for this review based on their relevance or suggestions from

experts in the field.
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Resumen

La enfermedad por coronavirus es una infec-
cion respiratoria causada por el virus SARS-
CoV 2, el cual genera una cascada de eventos
sistémicos, afectando diferentes 6rganos y
tejidos. El entendimiento de la fisiopatologia
del COVID-19 es indispensable no solo al mo-
mento de brindar tratamiento a los pacientes,
sino que también para comprender las causas
de las complicaciones que presentan un nu-
mero importante de pacientes recuperados.
El objetivo de este trabajo es presentar una
revision actualizada de los efectos de la infec-
cion en diferentes 6rganos y sistemas prin-
cipales que sea de utilidad como material de
referencia para profesionales y estudiantes
de la salud. Para ello se realiz6 una busqueda
bibliografica en los portales PubMED, Scielo,
Google Scholar, Cochrane y Springer Link, asf
como en las bases de repositorios cientificos
pre-publicacion bioRxiv (“bioarchives”) y me-
dRxiv (“med-archives”) y sobre un total de
cerca de 200 mil articulos, se seleccionaron
100 articulos para esta revision en base a su
relevancia o sugerencias de parte de profesio-
nales especializados.

Resumo

A doenga coronavirus é uma infeccao respi-
ratéria causada pelo virus SARS-CoV-2, que
gera uma cascata de eventos sistémicos, afe-
tando diferentes 6rgaos e tecidos. Compreen-
der a fisiopatologia da COVID-19 é essencial
ndo apenas no tratamento de pacientes, mas
também para compreender as causas das
complicacdes que um numero significativo
de pacientes recuperados apresenta. O obje-
tivo deste trabalho é apresentar uma revisao
atualizada dos efeitos da infec¢cdo em diferen-
tes 6rgaos e principais sistemas que seja util
como material de referéncia para profissio-
nais de saude e estudantes. Para isso, foi rea-
lizada uma pesquisa bibliografica nos portais
PubMED, Scielo, Google Scholar, Cochrane
e Springer Link, bem como nos repositérios
cientificos de pré-publicacdo bioRxiv (“bioar-
quivos”) e medRxiv (“arquivos med”). Num
total de cerca de 200 mil artigos, 100 artigos
foram selecionados para esta revisdo por sua
relevancia ou sugestdes de profissionais es-
pecializados.

Palabras clave: SARS-CoV-2, fisiopatolo-
gia, COVID-19, ECA2.

Palavras-chave: SARS-CoV-2, fisiopatologia,
COVID-19, ECA2.

1.Introduction

COVID-19 disease is caused by SARS-CoV-2 in-
fection, a new type of coronavirus that appea-
red in late 2019 in China, ® unleashing the first
known coronavirus pandemic in modern times.
Although SARS-CoV-2 infection was initially
described as an “atypical pneumonia,” extrapul-
monary manifestations were quickly identified,
particularly in patients with comorbidities.®?®
Most of the pathophysiological manifestations
of this virus occur because its entry point is the
angiotensin-converting enzyme 2 (ACE2), a key
element of the renin-angiotensin system (RAS).

(78 n addition, the pathophysiological bases that
determine that preexisting conditions like car-
diovascular disease (CVD), diabetes, or obesity
predispose patients to a worse prognosis are
also linked to alterations in ACE2 levels or RAS
function.®-1?

2. Methodology

A literature search was conducted on scientific
articles in English and Spanish published be-
tween January 2020 and May 2021 using the
keywords “COVID,” “COVID-19,” “SARS-CoV-2,
and “coronavirus” in PubMED, Scielo, Google
Scholar, Cochrane, and Springer Link, as well
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as in the pre-publication scientific repository
databases bioRxiv (“bioarchives”) and medRxiv
(“med-archives”). Between January 2020 and
May 31, 2021, over 150,000 articles were publi-
shed. Therefore, for this article, we considered
mainly reviews in medical, dental, or generalist
journals of broad dissemination, information
centralized by international agencies such as
WHO, CDC, reports published by the Honorary
Scientific Advisory Group (GACH®?), the Urugua-
yan Interdisciplinary Group for COVID-19 Data
Analysis (GUIAD®), as well as specific articles
suggested by national and international experts.

3. Biology of SARS-CoV-2

Coronaviruses are classified into four groups
named o, 3, y, 8.(15,16) At least seven species
infect humans: two from the a-family, known as
HCoV-229E and HCoV-NL63, and five from the
B-family: HCoV-HKU1, HCoV-0C43, SARS (Severe
Acute Respiratory Syndrome Coronavirus, now
called SARS-CoV-1), MERS (Middle East Respira-
tory Syndrome, now called MERS-CoV) and the
recently discovered SARS-CoV-2.9 HCoVs in-
fect the upper respiratory tract of children and
adults and account for a proportion of seasonal
mild respiratory infections diagnosed each year.
(15)

SARS-CoV-2 is a single-stranded RNA positive
polarity virus, with a genome of 30,000 base

pairs, as expected for coronaviruses. It harbors
few genes, including nonstructural and structu-
ral proteins. Structural proteins are those that
form the viral capsid and include the N protein
(nucleocapsid) that binds to the genetic material
of the virus, the E and M proteins that are ancho-
red to the membrane, and the S protein (spike)
that is the key to virus infectivity since it carries
the “key” to open the “lock” of the cell membra-
ne.t”

SARS-CoV-2 uses the same mechanism of infec-
tion as other coronaviruses, based on the S pro-
tein recognizing ACE2 (Figure 1, step 1). The S
protein is a glycoprotein consisting of two do-
mains, the S1—with the region known as RBD,
which binds to ACE2—and the S2, which has the
membrane fusion machinery that allows the vi-
rus to enter the cell. ACE2 binding causes struc-
tural changes in S1, leaving cleavage sites expo-
sed to proteases present in the cell membrane
like transmembrane serine protease 2 (TMPR-
SS2) or furin.!”? This protease activity cleaves
between S1 and S2 (Figure 1, step 2), which un-
lock the membrane fusion machinery present in
S1 domain (Figure 1, step 3) allowing the virus to
fuse its membrane to the cell membrane, and vi-
rus entry through endocytosis (Figure 1, step 4).
Once inside the cell, the virus cycle is similar to
other RNA viruses.!7:19

Figure 1: Mechanism of SARS-CoV-2 entry
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Schematic representation of a SARS-CoV-2 viral particle infecting a target cell carrying the ACE2 receptor
and proteases to activate protein S. The steps are described in the text. Figure created with Biorender.com.
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4. Pathophysiology of COVID-19

Several preexisting diseases or conditions are
considered COVID-19 comorbidities mainly be-
cause they share pathophysiological features
with COVID-19 disease.>*20-29 Below we present
a brief summary of the pathophysiological basis
of COVID-19 disease and the most common co-
morbidities, including key references that guide
readers to additional references on each topic.
4.1. The renin-angiotensin system

The best-known function of the renin-angio-
tensin system (RAS) is to maintain homeostasis
between vessels, blood, and body fluid volume.
(25.26) This system is intrinsically associated with
cardiac output, blood pressure, and regulation of
electrolyte balance.?” The main elements of RAS
are angiotensinogen, angiotensin 1, angiotensin
2, and theangiotensin-converting enzymes (ACE)
1 and 2. In our circulation, angiotensinogen—a
glycoprotein secreted mainly by the liver—is
proteolyzed by the action of renin, secreted by
the kidney in response to decreased blood pres-
sure.? The product is a 10 amino-acid peptide
called angiotensin 1, which is converted to an-
giotensin 2 (8 amino acids) by ACE1. ACE1 is a
membrane protein expressed mainly in lungs, in-
testinal epithelium, kidney, and bladder. Angio-
tensin 2 performs endocrine functions in several
organs by binding to specific membrane recep-
tors (AGTR1 and AGTR2), causing: 1) contraction
of vascular smooth muscle, 2) stimulation of va-
sopressin secretion by the pituitary gland (anti-
diuretic hormone), 3) stimulation of aldosterone
secretion by the adrenal cortex of the kidney, and
4) increase reabsorption of water and sodium
reabsorption by nephrones. These actions lead
to increased blood pressure but must be “deacti-
vated” to return the system to a state of balance.
The system is shut down through the action of
ACE2, an extracellular protease that proteolyzes
angiotensin 2 to produce angiotensin 1-7, which
interacts with specific receptors (e.g., MAS1)
and, broadly speaking, produces an effect oppo-
site to angiotensin 2. Receptors such as MAS1 are

expressed on various cell types, including alveo-
lar cells such as type Il pneumocytes. Since ACE2
plays a central role in inhibiting angiotensin 2
function, SARS-CoV-2 infection compromises
its function and, consequently, alters the entire
physiology of RAS.”® In this regard, it has been
reported that SARS-CoV-2 can directly affect the
kidney #® and that chronic kidney disease in-
creases the chances of a fatal outcome.®?%

4.2. Respiratory system involvement

Since SARS-CoV-2 is transmitted through aero-
sols or microscopic droplets, ?9 it is expected
to have tropism for tissues in the nasopharyn-
geal cavity and respiratory tract. This tropism
is given by ACE2 expression in these tissues.(!?
SARS-CoV-2 infection of the respiratory system
occurs in three phases. The first phase occurs in
the nasopharyngeal cavity, infecting some cell
types (see section 4.7) but does not induce a vi-
gorous immune response, and is generally the
type of infection present in asymptomatic indi-
viduals. The second phase involves infection of
the major airways, bronchi, and bronchioles; it
manifests with pulmonary inflammation symp-
toms and may occur with or without hypoxia.
The third phase involves infection of the gas ex-
change structures, the alveoli, mainly formed by
two cell types of epithelial origin called type I
and II pneumocytes.®? Type I pneumocytes have
a classic epithelial morphology, while type Il are
cuboidal and smaller, and contain organelles ca-
lled “lamellar bodies” that secrete pulmonary
surfactant. Without this surfactant, the alveoli
would collapse after exhalation®” (Figure 2). Al-
veolar homeostasis is maintained by a network
of resident cells, including epithelial cells, endo-
thelial cells, and leukocytes.GV Resident alveolar
macrophages and epithelial cells form a critical
barrier in the lung (Figure 2, left). The infection
of a type Il pneumocyte increase the expression
of genes associated with antiviral response, such
as interferons and certain interleukins, and de-
crease the expression of genes responsible for
surfactant production.®? These signals activate
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immune cells in the alveoli, such as macropha-
ges, and recruit others from circulation, such as
neutrophils® (Figure 2, right). Infected cells de-
velop a high viral load®” and trigger a cell death
program called “pyroptosis”, which involves the
massive release of inflammatory mediators.®
This triggers a cascade of events that increases
type I pneumocyte damage, with the subsequent
breakdown of the alveolar barrier and infiltra-
tion of plasma protein and cellular components.
The alveolus damaged by the immune response
begins to fill with a mixture of plasma exudate,
dead cells, viral particles, inflammatory cells,
and fibrin, increasing the volume of the inters-
titium between capillaries and alveolar chamber
(Figure 2, right). As a consequence, gas exchange
is compromised, which ultimately leads to the
associated respiratory dysfunction that gives its
name to the disease, SARS: severe acute respira-
tory syndrome.®%313% Additionally, the immune
response associated with the infection can tri-
gger a response known as a “cytokine storm,’
which is a cascade of inflammatory events that
generate a sustained hyperinflammation that
can cause hypercoagulability in the microvascu-
lature and lead to tissue injury, disseminated in-

travascular coagulation, and multiorgan failure.
(35,36)

At first, it was thought that children and young
people are less susceptible than older adults to
infection because the expression of the ACE2 re-
ceptor in lung tissue increases with age, increa-
sing the density of targets for the virus. However,
there are no significant differences in ACE2 levels
between ages and sexes.* The most likely expla-
nation for this apparent contradiction suggests
that reduced ACE2 expression in the membrane
of type Il pneumocytes increases angiotensin 2
levels to the detriment of angiotensin 1-7 for-
mation with aging. This exaggeratedly triggers
proinflammatory pathways and predisposes ol-
der patients to severity of acute lung injury and
COVID-19 mortality.®”)

Secondary bacterial infections are common in
patients with COVID-19, particularly in those
requiring mechanical ventilators or intubation.
M This might be the case because infection, and
the associated damage, modify the community of
microorganisms (microbiome) that reside in the
airways, enabling the proliferation of opportu-
nistic pathogens.®® In any case, bacterial pneu-
monia is a significant cause of complications in
patients with COVID-19, leading to increased
mortality rates.%)

Figure 2: Representation of a pulmonary alveolus in physiological conditions and after
SARS-CoV-2 infection.
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4.3. Effects of infection on the cardiovascular
system

SARS-CoV-2 infection lethality is strongly as-
sociated with the patient’s age and the type of
treatment, ranging from less than 1% for chil-
dren to over 10% in patients over 70 years old.
(39.40) However, in any age range, preexisting car-
diovascular disease increases the risk of death
3-4 times.(!%*V In fact, the main complications
and causes of death in patients with COVID-19
are thrombotic events, like venous thromboem-
bolism, or disseminated intravascular coagula-
tion.*>*2 The pathophysiological basis for this is
the existence of feedback loops between the pre-
existing disease and the pathology caused by the
infection. On the one hand, COVID19 causes sig-
nificant hematological alterations,®>3¢4® some
typically associated with the antiviral response,
such as leukopenia (present in 80% of hospita-
lized patients), thrombocytopenia (30%). These
are most probably related to the associated im-
mune response, such as the increase of inflam-
matory cytokines IL-6, IL-2, IL-7, interferon-y,
TNF-a, and elevated plasmatic levels of throm-
botic risk markers C-reactive protein, D-dimer
and procalcitonin.(%4+*5) In addition, a massive
infection significantly reduces ACE2 expression
or presence in the cell membrane.” This dere-
gulates the RAS system because angiotensin 2
is not degraded, causing a chronic hypertensive
condition which, added to the prothrombotic
state, significantly increases the risk of throm-
boembolism.*? One of the main reasons why pa-
tients with cardiovascular disease are at higher
risk for COVID-19 and also have a worse outco-
me is that many diseases such as hypertension,
diabetes, coronary heart disease, among others,
result in chronic RAS deregulation.%4V

Beyond initial doubts about the potential effect
of the virus on the myocardium,*® recent results
based on tissue sequencing in autopsies show
that direct infection is not a likely cause of the
heart failure commonly described in terminally
ill patients.®? In general, these effects on the car-

diovascular system and the heart are considered
secondary to the systemic inflammation pro-
duced by the virus, i.e., they are the outcome of
endothelitis and microthrombus formation. The
endothelium is a central player in cardiovascu-
lar physiology, and there is clear evidence that it
has a significant role in the pathogenesis of CO-
VID-19.049)

4.4. Effects of infection on the endocrine sys-
tem

Type 2 diabetes (T2DM) is closely associated
with the typical Western lifestyle and diet, espe-
cially with the obesity pandemic that began se-
veral decades ago,®*’*® which is also prevalent
in Uruguay.* T2DM is highly prevalent in some
regions of the world and in Uruguay it affects
>20% of the population 6%, Diabetes was iden-
tified early on as having a significant impact on
the COVID-19 pandemic, increasing the chances
of COVID-19-associated hospitalizations and dea-
ths.(61023) People with T2DM are at increased risk
of infection due to immune response deficiencies
associated with chronic metabolic disease.?*°V It
has also been reported that patients with diabe-
tes have a higher ACE2 expression in bronchi and
alveoli, suggesting that they are more prone to
SARS-CoV-2.69

Potential pathogenic links between COVID-19
and diabetes mellitus include effects on gluco-
se homeostasis, inflammation, altered immune
status, and RAS activation.”” Additionally, the in-
fection can cause ketoacidosis and an increase in
blood glucose levels due to immune dysregula-
tion or the steroids administered to hospitalized
patients® (e.g., glucocorticoids). In this context,
managing patients with diabetes during the in-
fection requires special attention since routine
medication to control their condition may be
incompatible with the necessary COVID-19
treatment.®>"

The COVID-19 epidemic has led to an increase in
new-onset type 1 diabetes (T1DM) cases.®>5 It
was originally considered that direct 3-cell infec-
tion was responsible for the T1DM increase.
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However, autopsies seem to indicate that the
pancreas is not a relevant reservoir for the vi-
rus and that it is unlikely that SARS-CoV-2 infect
pancreatic cells directly.* Consequently, several
mechanisms have been proposed to explain au-
toimmune insulitis and (-cell destruction. This is
an issue of utmost healthcare importance as me-
dical evidence indicates that patients who have
recovered from COVID-19 are 40% more likely to
develop T1DM.G»

Regarding the function of other organs in the en-
docrine system, some reports indicate that SARS-
CoV-2 infection causes both hypothyroidism and
thyrotoxicosis and deficiencies in the function
of parathyroid and adrenal glands.®***”) Howe-
ver, autopsies suggest failure due to thrombotic
events®? and not by direct infection of glandular
tissues by the virus.G?

4.5. Effects of infection on the digestive sys-
tem

Approximately 20% of patients with the disea-
se present gastrointestinal symptoms such as
nausea, vomiting, and diarrhea,*® percentage
which rises to 50% in hospitalized patients.%
The virus’s genetic material can be detected in
the feces of infected patients, even if they are
asymptomatic.®® There is conclusive evidence
that enterocytes are directly infected by SARS-
CoV-2,Y which is consistent with the fact that
ACE2 expression in the intestinal epithelium
is the highest in the body.!? Direct infection of
enterocytes explains why the most critically ill
patients present symptoms similar to inflam-
matory bowel diseases such as irritable bowel
syndrome and Crohn’s disease.®® This includes
the increased presence of biomarkers for disrup-
ted gut permeability®®. These include increased
IL-17-producing TH17 cells and high cytotoxici-
ty of CD8+ T cells in the peripheral blood, which
are thought to play an essential role in a cytokine
storm. Therefore, the proinflammatory features
seen in the lungs also appear to be present in
critically ill patients’ gut.® In addition, changes
in the intestinal microbiota have been reported

due to the infection.(®® SARS-CoV-2 infection also
appears to affect the exocrine pancreas, manifes-
ting as pancreatitis with altered blood amylase
and lipase levels, although the etiological rela-
tionship between infection and pancreatitis is
inconclusive.®¥

4.6. Central nervous system involvement

Approximately 30% of patients have neuro-
logical symptoms, ranging from headaches to
severe complications such as cerebrovascular
infarction. Pathophysiology manifestation of
COVID-19 in the nervous system may be due to
three factors: 1) chronic inflammation, 2) throm-
botic events induced by the underlying coagulo-
pathy, 3) direct infection of nervous system cells.
Although the literature is still inconclusive, the
most likely reasons for the neurological effects
are 1 and 2, as there is no evidence that SARS-
CoV-2 crosses the blood-brain barrier or has tro-
pism in central nervous system cells.(®>%® Loss of
taste and smell have generally been classified as
neurological symptoms. However, the physiolo-
gy of these senses primarily involves the stoma-
tognathic system, and they are discussed in the
next section.

4.7. Effects of the infection on the oral cavity
and dental implications

Since the beginning of the pandemic, it's known
that the saliva of people infected with COVID-19
may contain high levels of SARS-CoV-2. In fact,
much of the prevention efforts have focused on
halting the spread of the virus by aerosols and
droplets exhaled by carriers.?? As a result, the
dental practice has been severely affected.®”®
The virus that can be detected in the saliva of
people with respiratory symptoms possibly co-
mes from nasal drainage or sputum expelled
from the lungs. However, the presence of SARS-
CoV-2 in the saliva of asymptomatic patients su-
ggests that the virus may reside and replicate in
extrapulmonary tissues of the upper airways.©”
Huang et al. demonstrated that salivary glands
and oral cavity epithelia could be infected by
SARS-CoV-2 and transmit the infection to other
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organs.?? Using sequencing techniques, the au-
thors demonstrated the presence of membrane
receptors necessary for virus entry in all cell
types in the oral cavity and the presence of the
virus in tissue biopsies. They concluded that the
mouth is an infection site and a reservoir for the
virus. Probable hypotheses supporting dysgeu-
sia and ageusia in COVID-19 include the possibi-
lity of damage caused by SARS-CoV-2 to salivary
gland epithelial cells targeted by the virus due to
ACE2 expression.("”

Xerostomia is the most common clinical manifes-
tation of SARS CoV-2 infection and is associated
with a deregulated electrolyte balance resulting
from deregulation of the RAS system,V but it is
not the only manifestation. Various lesions have
been reported in the oral cavity of infected pa-
tients throughout these months: ulcers, erosions,
blisters, vesicles, pustules, macules, papules, pla-
ques, pigmentation, scabs, necrosis, petechiae,
erythema, and spontaneous bleeding. Xerosto-
mia and poor oral hygiene seem to be the main
factors predisposing patients to lesions, caries,
and periodontitis, especially in patients with
prosthesis. In addition, opportunistic infections,
stress, trauma (secondary to intubation), vascu-
lar compromise, and the hyperinflammatory res-
ponse secondary to COVID-19 creates favorable
conditions for oral lesions to develop.(7>7%
SARS-CoV-2 infection also has direct and indi-
rect consequences on the oral microbiota.(””7®
Hyposalivation poses a potential risk of secon-
dary infection because it decreases the amount
and concentration of essential components in
the response against pathogens, such as lysozy-
me, mucins, lactoferrin, peroxidase, a- defensins,
[-defensins, and cystatins, among others.

5. “Post-chronic” COVID

At the time of writing, over 200,000 people will
have recovered from COVID-19 in Uruguay. Ba-
sed on the worldwide trend, over 50% of them
will continue to have symptoms or complications
weeks or months after discharge. This picture

has been called “long-term COVID” or “post-acu-
te COVID.” This is a huge challenge for medical
and dental care, since we do not know what the
response of these patients will be to pathologies
in the course of their lives, from dental treat-
ments to organ transplants.®>’ If we go by the
effects of SARS-CoV-1, the highly related virus
that caused an epidemic outbreak in early 2000
(see below), the results are not encouraging: a
12-year follow-up study of 25 surviving patients
showed a marked increase in cases of hyperlipi-
demia, cardiovascular disease, and metabolic di-
sorders,® with no clear pathophysiological ba-
sis. Interestingly, dysbiosis of the intestinal and
oral microbiota persists even several months
after the resolution of the disease, which could
contribute to the persisting symptoms.’7:7881-63)
This suggests that there is scope for non-invasi-
ve therapeutic interventions, including probio-
tic, dietary, antibiotic, or antiviral treatments.(%

6. Epidemiology of the SARS-
CoV-2 pandemic

In the first two years of the pandemic, over 200
million cases of COVID-19 were reported world-
wide, and it is estimated that over 6 million
people died due to the infection. This made CO-
VID-19 the fourth leading cause of death world-
wide (4.4%) in 2020.6% The numbers of infected
and deceased people exceed by several orders
of magnitude those that occurred following the
epidemic outbreaks of SARS-CoV-1 (2002-2003),
which caused the death of 813 of the 8809 peo-
ple diagnosed % and MERS-CoV (2012-2013)
which caused 858 deaths.®” The number of dea-
ths from these outbreaks is surprisingly low, es-
pecially considering that SARS-CoV-2 has a relati-
vely low case fatality rate: ~10% for SARS-CoV-1,
>30% for MERS-CoV, and 1-2% for SARS-CoV-2.
8 There are biological, epidemiological, and so-
cial reasons that explain—at least in part—why
the COVID-19 epidemic took on such magnitude
and why it continues to develop.

First, some aspects of the biology of the vi-
rus make it unique. Evidence from cell cultu-
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res, animal models and autopsies suggests that
SARS-CoV-2 is more effective in the infection pro-
cess®) mainly because of minor but crucial diffe-
rences in the S protein compared to its counter-
part in SARS-CoV 1 and MERS-CoV.("”) There is a
second epidemiological aspect: SARS-CoV-1 and
MERS-CoV infections almost exclusively led to
symptomatic lower respiratory tract infections,
where patients rapidly developed a clinical con-
dition within a short period of time (2-7 days),®%
making it possible to rapidly identify and isola-
te those infected. Today's most widely accepted
view is that the COVID-19 pandemic escalated
because a relatively high percentage of infec-
ted people are asymptomatic but still can trans-
mit the virus.®%“? This is strongly supported by
the mobility of the various virus strains since
its journey from China to the entire world. This
shows the importance of asymptomatic carriers
and the enormous dispersion of contagious di-
seases in our highly interconnected world. Even
in a small country with scarce international con-
nectivity, such as Uruguay, genomic studies show
that SARS-CoV-2 entered the country in mid-Fe-
bruary 2020. During 2020 and 2021, viral stra-
ins continued to enter the country from different
world regions, even though the number of inter-
national passengers arriving to the country du-
ring those year were extremely reduced.(39%
Finally, although we know that all three out-
breaks were zoonotic, the origin of SARS-CoV-1
and MERS-CoV was quickly identified, which
made it possible to manage the animal reser-
voir more efficiently. Beyond reasonable doubt
about its origin, scientific evidence indicates that
SARS-CoV-2 spread from bats to humans throu-
gh an unknown mammalian intermediary.(®
Another unique feature of SARS-CoV-2 is that its
first outbreak occurred in a densely populated
and interconnected city (Wuhan, China). Despite
efforts to control the epidemic, it rapidly spread
worldwide.

However, this devastating epidemic was fore-
seeable, or at least likely. In an article published

in 2007, Cheng et al. review the scientific eviden-
ce on the emerging risk of new public health cri-
ses caused by coronaviruses and conclude that:
“Coronaviruses are well known to undergo genetic
recombination, which may lead to new genotypes
and outbreaks. The presence of a large reservoir
of SARS-CoV-like viruses in horseshoe bats (...) is a
time bomb.”®”) For decades, we have been awa-
re that our food production model and lifestyles
expose us to emerging zoonotic diseases, many
of which have triggered pandemics or emergen-
cies, such as the 2003 health emergency caused
by the H5N1 avian influenza virus, the pandemic
declared as a result of the HIN1 swine influen-
za virus in 2009, or the global health emergency
triggered by the 2014 Ebola outbreak. The next
pandemic is “just around the corner” and is very
likely to be once again the product of a viral di-
sease of zoonotic origin that is transmitted to hu-
mans as a result of handling food animals. At the
time of writing, a new strain of avian influenza
(H5N8) has already spread to almost 50 coun-
tries, even causing human infections.®®

7. Conclusions

The SARS-CoV-2 pandemic confronted us with
public health challenges never seen before.
However, despite the overwhelming number of
deaths, the response of the health and scienti-
fic systems of certain countries was crucial to
reduce the potential damage. In the process, we
(re)discovered the value of experimental scien-
ce, biomedicine, interdisciplinarity, and eviden-
ce-based decision making.®® In addition, the
pandemic allowed—or forced—many scientists
and health professionals to focus on their work
on a single pathology, leading to the discovery of
aspects of human physiology that were not fully
characterized and, more importantly, to highli-
ghting unknown features of the pathophysiolo-
gical basis of chronic or infectious diseases we
have been dealing with for decades.5>79100)
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