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The first year of the covid-19 pandemic: what is known about its physiopathological constructs
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ABSTRACT

COVID-19 is caused by the SARS-CoV-2 virus, which has triggered an emerging public health situation, decimating millions of
people and leaving other social problems. This study aimed to present the pathophysiological constructs in the first year of the
pandemic. This is a narrative review of the literature, based on searches in the Virtual Health Library, Capes Periodicals,
PubMed, and Cochrane databases with the standardized descriptors 'Pathophysiology' combined using the Boolean AND
operator. Articles published in the first year of the pandemic in any language dealing with this topic were selected. This review
found that COVID-19 has three pathophysiological phases: inoculation; pneumonia; and systemic hyperinflammation. Each
phase defines the clinical manifestations and evolution of the disease, as well as the tests to be performed. Despite numerous
studies, there are still gaps such as the rapid evolution of the infection and the definitions of the pathophysiological processes
and the sequelae of this morbidity.
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RESUMO

A COVID-19 é causada pelo virus SARS-CoV-2, que provocou uma situagdo emergente de saude publica, dizimando milhdes de pessoas
e deixando outros problemas sociais. Esse estudo teve por objetivo apresentar os construtos fisiopatolégicos no primeiro ano da
pandemia. Trata-se de uma revisdo narrativa da literatura, realizada a partir de pesquisas nas bases Biblioteca Virtual de Saude,
Periddicos Capes, PubMed, Cochrane com os descritores padronizados ‘Pathophysiology’ combinados por meio do operador booleano
AND. Selecionaram-se artigos publicados no primeiro ano da pandemia de qualquer idioma e que tratassem desse tema. Os resultados
dessa revisdo constataram que a COVID-19 possui trés fases fisiopatoldgicas: inoculagdo; pneumonia; e hiperinflamagdo sistémica.
Cada fase define as manifestagGes clinicas e a evolugdo da doenga, bem como, os exames a serem realizados. Apesar de inUmeros
estudos, ainda ha lacunas como a evolugdo rapida da infecgdo e as defini¢gdes dos processos fisiopatoldgico e as sequelas dessa
morbidade.

Introduction

COVID-19 is caused by the SARS-CoV-2 virus. It was
first identified in the city of Wuhan in China in 2019 on
December 8, 2019%. On January 30, 2020, the World
Health Organization (WHO) declared the Coronavirus
outbreak as a Public Health Emergency of International
Concern, and on March 11, it declared a state pandemic,
with 110,000 cases and 4,000 deaths spread across all
continents?. SARS-CoV-2 is a zoonotic virus in the
coronavirus family that causes acute respiratory distress
syndrome. The magnitude of contamination by the
disease is due to the potential for transmission by
droplets among infected people®.

Exactly one year after the declaration of the
pandemic by the WHO, a historic milestone of the health
crisis in the modern world, on March 11, 2021,
117.799,584 million confirmed cases were registered
globally, including 2.615,018 deaths reported to the
WHO. Until these data, vaccines, as the main measure to
combat the pandemic, had been treated in a total of
300,002,228 doses®.

Amidst humanity's greatest pandemic of the last
century, COVID-19 has already claimed over 3 million
lives in just over a year since the first cases®. The
pandemic has caused social and health problems,
becoming a global crisis that transcends anthropogenic,
natural, biological, and geopolitical aspects. Despite
following preventive measures, any pandemic disrupts
social, cultural, and economic relations, as well as

families, education, and people's health?.

In this crisis scenario, it becomes crucial to
approach accurate and relevant information about the
pathophysiological constructs and clinical consequences
of this disease, as there is an infodemic®, and stopping
misinformation is paramount  for  effective
communication®.

Answering questions about COVID-19 aligns with
the main research priorities outlined in the Global
Research Roadmap by the World Health Organization.
These priorities include the natural history of the virus,
epidemiology, diagnosis, clinical management, ethical
considerations, social sciences, as well as long-term
goals for therapeutics and vaccines’.

In this perspective, this study aims to present the
pathophysiological constructs of SARS-CoV-2 regarding
transmission and dissemination, innate and adaptive
immune processes, clinical manifestations, and
diagnostic methods, based on scientific studies
published in the first year of the COVID-19 pandemic.

Methods

This is a narrative study of materials published
between March 11, 2020, and March 10, 2021, sourced
from Cochrane, Capes Journals, PubMed, and the Virtual
Health Library. Narrative reviews are comprehensive
publications in which the materials are analyzed in a
generalized manner and incorporated to address the
proposed objectives®.
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The importance of using a narrative review for the
problem this study aims to address is due to the fact that
COVID-19 is a new/emerging disease, and all published
material about it thus far is of utmost relevance to be
considered. Other types of reviews would not be able to
encompass all aspects and sources of information that
contribute to understanding the pandemic. Therefore,
this narrative review, to build the 'state of the art' of
COVID-19 in its first year of the pandemic, consolidated
various sources of information, including materials
published in scientific journal databases, as well as
governmental and health guideline-setting institutions
such as WHO and OPAS.

To compose this review, the search for publications
was conducted using the following English-language
descriptors/terms: Pathophysiology AND COVID-19.
Considering that COVID-19 is a new/emerging disease,
all published and validated material about it at this
moment is relevant to be considered for a narrative.
However, the following inclusion criteria were applied:
materials in English, Spanish, and Portuguese, peer-
reviewed and published in the following formats:
articles, case reports, editorials. Additionally,
documents, technical notes, and epidemiological
bulletins were included. All titles and abstracts of the
identified studies were read and analyzed by two
authors to adopt eligibility criteria. The full texts of the
included studies were reviewed by a single author.

A total of 181 studies were identified, with 44
duplicates and 137 selected. Out of these, 68
manuscripts were excluded as they did not substantially
meet the purposes of this review. After considering the
exclusion and inclusion criteria, 69 studies were selected
to compose this narrative, as shown in Figure 1.

Results and Discussion

The following section presents the results and
discussion of studies published by authors on
transmission, immune responses, pathogenicity, and
clinical manifestations of COVID-19 in its first year of the
pandemic. The material derived from this review is
presented in a narrative, impersonal, and unbiased
manner.

The results of the identification and selection of
articles related to the pathophysiological constructs are
appropriately categorized by themes, references, and
summaries as shown in Table 1.

Transmission and dissemination of SARS-CoV-2

The first phase of disease spread occurred in
December 2019 with a localized outbreak in Wuhan,
China, due to exposure at the Huanan Seafood
Wholesale Market, where various species of wild
animals are traded®. This phase lasted until January 13,

2020, when cases outside of Wuhan emerged, indicating
direct person-to-person transmission. Prior to January
13, on January 7, patients with the disease were
identified who had not visited the food wholesale
market more than 14 days before the onset of
symptoms™°,

The transmission process became clear on January
21, 2020, when the WHO tweeted that the
contamination among healthcare professionals made it
evident that transmission occurs from person to person.
As a result, the WHO published the first technical
guidance on home care for patients with suspected
infection®?,

Person-to-person transmission occurs through
three main routes: (1) respiratory droplets from person
to person in indoor settings, (2) between individuals and
the contaminated environment through contact with
circulating aerosols in the air, and (3) between
individuals and contact with contaminated surfaces'® 13,

The review studies have indicated that SARS-CoV-2
can remain active on various surfaces for different
durations: aerosol form for 3 hours, copper for 4 hours,
paper for 24 hours, and plastic and stainless steel for
three days*2.
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Figure 1. Flowchart/Prisma for article identification and selection. Chapecd,
SC, Brazil (2021). Source: authors.

Studies have indicated that the incubation period
of COVID-19 ranges from two to 14 days, but it can
extend up to 27 days'*. The average time from exposure
to symptom onset is around five days, and 97.5% of
individuals develop symptoms within 11.5 days®.
COVID-19 is a highly transmissible, silent, and
pathogenic viral infection that can lead to Severe Acute
Respiratory Syndrome?®,



Table 1. Results of the identification and selection of articles regarding the themes, references, and synthesis of the material found in the first

year of the COVID-19 pandemic, 2021.

PARRA-IZQUIERDO; FLOREZ-
SARMIENTO; ROMERO-SANCHEZ.
YUKI; FUJIOGI; KOUTSOGIANNAKI.
ZHAO et al.

Immune Response

CARVAJAL; PARRA; SILANO.
DHOCHAK et al, GATTIONI et al.
PEREZ A; CORDERO R; AVENDARO C.
STEARDO et al., (2020) XIAO;
SAKAGAMI; MIWA. YUKI; FUJIOGI;
KOUTSOGIANNAKI.

Pathogenicity

ABOU-ISMAIL et al., ASGHARPOUR et
al., CARVAJAL; PARRA; SILANO. NG et
al., PETROVIC et al., PIAZZA;
MARROW. PIERINI et al. SEPULVEDA
C.; WAISSBLUTH A.; GONZALEZ G.
SHRESTHA et al., SINGH et al., TU et
al., YLIKOSKI; MARKKANEN; MAKITIE,
YU; SUN; FENG.

Clinical manifestations

CARVAJAL; PARRA; SILANO; SINGH et
al., CORMAN et al. GONZALEZ G.,
SEPULVEDA C.; WAISSBLUTH A.;

Diagnosis

BASTARD et al. CARVAJAL; PARRA;
SILANO, MARKET et al. SINGH et al.

JAIN; DOYLE. KASAL; LORENZO;
TIBIRICA. MEFTAHI et al.
ROCHA., GENGLER et al.
YLIKOSKI; MARKKANEN; MAKITIE.

AHMADIAN et al., DAS., ABBOUD et
al., TSATSAKIS et al., SIRIPANTHONG
et al., RODRIGUEZ-MORALES et al.,
LIU et al., LIU et al., (2020b)
TERCEIRO; VIETTO. POOR et al.,
VIOLETIS et al.,

BARROS et al., GRASSELLI et al.,
SABIONI et al., STEARDO et al.,
WIERSINGA et al. YUKI; FUJIOGI;
KOUTSOGIANNAKI.

DAS; LEVETT et al., LIU et al.
PARASHER; RAFIEE et al., SINGH et
al.,

Theme References Synthesis
The transmission of COVID-19
occurs primarily  through
TDE::::;::';:n of SAaR"S‘f BHAT et al. CARVAIAL;, PARRA; GONZALEZ G. LI et al. PENG et al ss;iﬂ?c:ﬁ;pers&':ough c°”ctliiz
SILANO, GUO et al. SHEREEN et al. SEPULVEDA C.; WAISSBLUTH A.; . .
CoV-2 contact with respiratory

droplets carrying the SARS-CoV-
2 virus.

The immune system responds
to the identification of
antigens, including those from
SARS-CoV-2, through both
natural and adaptive immune
responses.

Addressed the pathological
processes caused by COVID-19,
in the respiratory,
gastrointestinal, cardiac,
hematological, renal and
neural, and sensory systems. It
showed the systemic and
multiple  organic  changes
resulting from the SARS-CoV-2
infection and the parallel action
of the immune system.

It highlights the main clinical
manifestations resulting from
the COVID-19 infection, such as
signs and symptoms, in the
different forms of the severity
of the disease.

It consists of demonstrating the
imaging,  immunoenzymatic,
immunoassays, and laboratory
tests performed to diagnose

the disease COVID-19.

Source: authors.

Innate and Adaptive Inmune Response

The first immune response to be activated is the
innate response, where the body's defense cells identify
antigens (viruses) or foreign bodies, in this case, SARS-
CoV-2. There are three types of defense cells involved:
epithelial cells, alveolar macrophages, and dendritic
cells®?,

After the innate response, the adaptive immune
response begins with the activation of T cells (CD4+ and
CD8+ T lymphocytes) by dendritic cells and macrophages.
CD4+ cells activate B cells to produce specific antibodies
that can neutralize the infecting virus'®. CD8+ cells induce
apoptosis in infected cells, effectively eliminating them.

The antibodies produced by CD4+ cells are proteins
called immunoglobulins, which recognize and eliminate
other virus-infected cells. If the adaptive response is
strong enough, it can prevent the progression to severe
disease or reinfection by the same virus®’.

The massive and prolonged recruitment of defense
cells to the lungs during infection has led to laboratory
findings of lymphopenia (reduced lymphocyte count) and
high concentrations of pro-inflammatory mediators such

as interleukins (IL-6, IL-10) and colony-stimulating factors
like granulocyte and monocyte inflammatory proteins
and tumor necrosis factor'®,

In a study, it was notably found that 95 out of 101
patients with severe forms of the disease developed
neutralizing autoantibodies against type | interferons
(IFNs). The hypothesis is that the neutralization of
autoantibodies against type | IFNs may be the basis for
the severity of COVID-19 by impairing the binding of type
I IFNs to their receptor and the downstream responsive
pathway (BASTARD et al., 2020). The reduction in the
number of circulating natural killer (NK) cells and an
exhausted phenotype after SARS-CoV-2 infection may be
a predictive marker for disease progression and severity
of COVID-19%.

The results indicate a dual function of NK cells during
coronavirus pathogenesis. The first function suggests that
NK cells in healthy individuals with low risk can recognize
SARS-CoV-2-infected cells through viral proteins on the
surface of infected cells and by detecting cytokines and
chemokines produced in response to infection. These
cells are hypothesized to induce apoptosis by releasing



cytotoxic granules.

The second function involves individuals at high risk,
where dysfunctional NK cells may fail to recognize and
respond to SARS-CoV-2 infection due to immune evasion
strategies employed by the virus. It is hypothesized that
an accumulation of infected epithelial cells and innate
immune cells, such as monocytes-macrophages and
neutrophils, release cytokines and chemokines that
recruitimmune cells, including NK cells, to the lungs. This
can result in the induction of a cytokine storm, led by IFN-

y19.

Pathogenicity of COVID-19

COVID-19 exhibits three physiopathological phases:
inoculation, infection of the lower respiratory system,
and the third phase of systemic hyperinflammation. The
reasoning can be summarized as follows: | - Onset of
Hypoxia; Il - Endothelial Dysfunction; lll - Pulmonary
Manifestations of the disease?. These authors challenge
the classification of COVID-19 pneumonia stages based
on the editorial by Gattioni et al. (2020), which
categorizes phenotypes as 'L-type' and 'H-type'. The 'L-
type' corresponds to Stages 2 and 3 of pneumonia.
However, the study by Pérez, Cordero, and Avendafio,
along  with other  authors, approach  the
pathophysiological stages in three phases?!:

Stage | - Inoculation Phase (attachment, inoculation,
replication, maturation, and transmission of SARS-CoV-
2). The spike proteins of SARS-CoV-2 interact with ACE2,
undergoing cleavage by TMPRSS2, allowing the virus to
enter the cell. However, when ACE2 is cleaved by the
protease ADAM17, SARS-CoV-2 is unable to enter the cell,
thus protecting it. Dysfunction of ACE2 caused by SARS-
CoV-2 infection can worsen the severity of the disease??.

According to the authors Yuki, Fujiogi, and
Koutsongiannaki (2020), the virus's life cycle in the host
consists of five stages: attachment, penetration,
biosynthesis, maturation, and release. Attachment and
penetration occur in the nasosinusal region on epithelial
cells, involving the interaction between the virus and
ACE2 receptors. SARS-CoV-2 negatively regulates ACE2 in
type Il alveolar epithelial cells?°.

Upon entry into host cells through endocytosis or
membrane fusion, the viral mRNA initiates biosynthesis,
leading to the production of new viral particles.
Subsequently, the process of maturation and release of
the virus into the extracellular environment begins,
marking the transmission phase, which still occurs in the
nasosinusal region'? 2% 23

Most patients are able to contain the infection at
this point through their immune system. However, other
patients develop severe forms of the disease,
characterized by an intense and exacerbated immune
response that compromises various organ functions?*.

Stage II: This refers to the stage in which there is
infectious involvement of the lower respiratory system in
both lungs. The SARS-CoV-2 virus triggers a systemic
inflammatory response, leading to the production of
exudate, a mixture of fibromyxoid material, hyaline

membrane particles, and interstitial inflammatory
infiltrates rich in lymphocytes. Atypical multinucleated
cells indicating viral cytopathic changes are found in the
alveolar spaces. This stage leads to the clinical condition
of pneumonia, which impairs respiratory ventilation and
requires hospitalization?!.

Stage lll: In a minority of patients, a systemic
hyperinflammation occurs, which represents the most
critical stage of the disease as it behaves
extrapulmonarily, affecting other organs. This stage can
be divided into two phases.

The first phase (llla) is characterized by a primary
inflammatory response. It can be attributed to three main
causes. The first and most likely cause is rapid and
accelerated viral replication, leading to apoptosis of
epithelial cells, increased vascular permeability, and the
release of pro-inflammatory cytokines and chemokines,
leading to the recruitment of inflammatory infiltrates.
This explains the peripheral leukopenia. The second
probable cause is the dysregulation of the ACE2
membrane protein, which leads to rapid inflammation by
increasing vascular permeability, resulting in edema and
subsequent  organ  dysfunction?*?%?2,  Excessive
inflammation plays a crucial role in the pathogenesis of
the disease and can be debilitating, including septic
shock?®. The third cause is attributed to the antiviral
response, where the immune system induces apoptosis
due to increased pro-inflammatory responses.

The second phase (lllb) involves the generalized
adaptive immune response and the emergence of
neutralizing antibodies, which can cause persistent lung
damage and increase the risk of death. It is presumed that
anti-S IgG alters the polarity of macrophages by inhibiting
the interaction between the macrophage Fc receptor and
anti-S 1gG bound to the virus. The result of this interaction
is a decrease in the production of pro-inflammatory
cytokines and/or activation of the classical pathway of
the complement system, leading to increased cellular
damage. It is believed that the dysregulation of the
inflammatory response causes an excessive release of
cytokines and chemokines, resulting in a generalized
syndrome and multiorgan dysfunction followed by
death??,

Another scientific observation is the negative
regulation of ACE2 in pulmonary epithelium. Without the
counteracting effects of ACE1, pulmonary capillary
endothelial cells are unprotected, reducing the protective
activity of ACE2-Ang-1-7-Mas-R while increasing the
harmful activity of ACE1-Ang-lI-AT1-R. The early
deleterious effect of ACE1-Ang-l1I-AT1-R hyperactivity is
possibly the release of a potent vasoconstrictor such as
endothelin-1 from the pulmonary endothelium. ACE2-
Ang-1-7-Mas-R inhibits the release of nitric oxide in the
pulmonary endothelium. The development of severe
pulmonary vasoconstriction leads to angiogenesis and an
increase in the veno-arterial shunt fraction, resulting in
severe hypoxia. The progression of alveolar-capillary
barrier disruption causes proteins, fibrin, cells, and fluid
to leak into the alveolar space, resulting in patchy ground-



glass opacities in both lungs as identified by computed
tomography®.

The "endothelial-epithelial" interaction plays a
crucial role in the progression of the disease. After the
rupture of the alveolar-capillary membrane, SARS-CoV-2
enters the pulmonary capillaries and triggers an activated
inflammatory and coagulation process. This accelerates
the induction of alveolar epithelial and endothelial cells
and orchestrates the cytokine storm?,

The endothelium plays a fundamental role in the
organ dysfunction associated with severe infection and
subsequent sepsis. The evidence regarding the
pathophysiology aligns when considering the various
complications of COVID-19, such as microvascular
dysfunction, with an emphasis on the renin-angiotensin
system?,

The review provided insight into the
pathophysiology in children. The most discussed
hypotheses indicate a decrease in ACE2 receptors in
children, as well as a less evolved innate immune
inflammatory response. This reduces the likelihood of
hyperinflammation?% 27 28,

In the case of elderly individuals who are susceptible
to immunosuppression and have a lower capacity for
regeneration of alveolar epithelium due to senescence
and other exposures, they are a vulnerable risk group for
contracting COVID-19 infection and subsequently
experiencing death?’. The elderly may also have a
predisposition to produce more pro-inflammatory
cytokines?.

Clinical manifestations

The authors Yuki, Fujiogi e Koutsongiannaki (2020)
proposed a classification of COVID-19 symptoms as
outlined in Table 2.

Table 2. Classification of symptoms and clinical manifestations of
COVID-19, 2021.
Classification/Clinical
Status
Asymptomatic

Symptoms/Clinical Manifestations

Positive test for COVID-19 and normal
chest imaging. No symptoms or clinical
signs present.

Mild Symptoms such as fever, fatigue,
myalgia, cough, sore throat, runny nose,
sneezing, or digestive symptoms like
nausea, vomiting, abdominal pain, and
diarrhea.

Moderate Pneumonia (frequent fever, cough)
without evident hypoxemia, chest
computed tomography showing lesions.

Strong Pneumonia with hypoxemia (SpO2
<92%).

Critical Acute Respiratory Distress Syndrome

(ARDS) may be accompanied by shock,
encephalopathy, myocardial injury,
heart failure, coagulation dysfunction,
and acute kidney injury.

Source: authors.

The most common symptoms of COVID-19 include
fever, dry cough, shortness of breath, fatigue, muscle
pain, and headache 1% 13:29:30:35:32 |n 3 smaller estimate,
up to 13% of infected individuals develop severe forms of

10

the disease, which can lead to pneumonia, shock,
respiratory failure, and multiorgan failure followed by
death3% 33, The extrapulmonary symptoms of COVID-19
may be associated with dominance of the sympathetic
autonomic system (reduced parasympathetic function)
as the central nervous system can be strongly activated
by the neuroimmune axis in response to an inflammatory
reflex due to inadequate immune defense®.

During severe COVID-19 infection, clinical
manifestations can occur in multiple organs. This
represents a responsive way for the body to control the
viral infection. Infection with SARS-CoV-2 can impair
pulmonary, hematological, cardiovascular, renal,
gastrointestinal, neurological, sensory, cutaneous, and
immune susceptibility functions®*.

Pulmonary clinical manifestations

The clinical pulmonary manifestations of COVID-19
initially resemble those of a common flu. It starts with
throat irritation and progresses to a dry cough and
dyspnea. In a systematic review of 43 studies involving
3,600 patients, 60.3% reported cough®?, 45.6% reported
dyspnea®!, and 23.5% reported sore throa.

Severely ill COVID-19 patients have preserved lung
mechanics despite significant abnormalities in gas
exchange, which is more consistent with pulmonary
vascular disease3> 3¢, According to studies, 32.8% to
41.8% of patients progress to acute respiratory distress
syndrome (ARDS)3% 33,

Hematological clinical manifestations

The hematological clinical manifestations in severe
COVID-19 infection involve thrombotic events, as
evidenced by laboratory abnormalities such as
lymphopenia, neutrophilia, prolonged prothrombin time,
and elevated D-dimer levels'% 37, Laboratory findings,
including lymphocyte count, creatinine levels, platelet
volume in relation to lymphocytes, and lymphocyte-to-
monocyte ratio, have been identified as independent
prognostic factors for COVID-19%7- 38,

Many patients with severe COVID-19 have
demonstrated abnormal blood coagulation, with
increased levels of D-dimer and higher rates of venous
thromboembolism?3> 3¢, Consistently, elevated levels of D-
dimer have emerged as an independent risk factor for
poor outcomes, including death.

A study conducted in Italy with 301 COVID-19
patients, published in The Lancet in December 2020,
found that 297 patients with severe disease showed
greater adhesions than 95% of the classical cohort, and
94% of these patients had high levels of D-dimer
concentration, consistent with hypoperfusion in both
lungs, indicating a clinical consequence of
thromboembolism*.

COVID-19 can predispose individuals to venous and
arterial thromboembolic diseases due to excessive
inflammation, hypoxia, immobilization, and disseminated
intravascular coagulation*™ ¥, which are common in
critically ill COVID-19 patients*?. The coagulopathies are a



result of systemic vascular damage directly caused by the
virus in the endothelium, leading to a thrombotic state
and contributing to the high mortality rate®.

Cardiovascular clinical manifestations

COVID-19 can lead to cardiac dysfunction and
myocarditis. The progression of COVID-19
pathophysiology related to myocarditis involves cardiac
injury and damage caused by the host's exacerbated
immune response’®33, Clinical findings include changes in
electrocardiogram readings and impaired cardiac
biomarkers. Many COVID-19 patients have pre-existing
cardiovascular comorbidities and can experience
myocardial infarction. Arrhythmias are not uncommon in
COVID-19 patients, although the exact pathophysiology is
still speculative. However, physicians should remain
vigilant in providing immediate monitoring and
treatment3® 4445,

Microvascular damage occurs due to high serum
concentrations of pro-inflammatory cytokines and
chemokines in patients with COVID-19 compared to a
control group®.

Renal clinical manifestations

Renal involvement in COVID-19 typically occurs in
patients who develop acute respiratory distress
syndrome or multiorgan failure. Renal damage in COVID-
19 has been shown to be multifactorial, involving direct
viral infection, indirect injury from sepsis, hemodynamic
changes, cytokine storm, and disseminated intravascular
coagulation3* 4,

SARS-CoV-2 can cause kidney damage, and based on
the ACE2 pathway, it can lead to acute tubular necrosis.
Dysregulation of immune responses induced by SARS-
CoV-2, including cytokine storm, macrophage activation
syndrome, lymphopenia, endothelial dysfunction,
hypercoagulability, rhabdomyolysis, and sepsis, may be
other causes of acute kidney injury. Additionally, hypoxia
and low tissue oxygen perfusion in the kidney can result
in ischemic injury*® 4.

Gastrointestinal clinical manifestations

In a systematic review that included 60 articles and
4,243 patients with gastrointestinal symptoms such as
nausea, vomiting, and diarrhea, it was found that the
presence of these symptoms was associated with a higher
severity of fever, acute respiratory distress, liver injury,
and shock compared to those without gastrointestinal
symptomes. Diarrhea, chest  discomfort, and
nausea/vomiting were less commonly reported
symptoms in this group32.

Neurological clinical manifestations

The SARS-CoV-2 virus is neurotropic, like other
coronaviruses, and can enter the central nervous system
through intranasal inoculation and peripheral nerves and
synapses. It infects neurons and neuroglial cells in the
brainstem through endocytosis, utilizing the ACE2
membrane protein. Neurons in the brainstem are directly
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involved in cardiorespiratory control, and lesions in these
areas can exacerbate respiratory failure. In addition,
hypoxia and the virus's neurotropic properties can lead to
the development of acute and chronic neuropsychiatric
and cognitive impairments>°,

Neurological disorders associated with COVID-19
can manifest in various ways, ranging from mild and
nonspecific symptoms such as headache, muscle pain,
and hyposmia, to more severe conditions including
cerebrovascular disease and intracranial infections.
Severe neurological symptoms, such as acute
cerebrovascular disease, occur in only a minority of
patients with usual risk factors and are associated with
poor outcomes. However, the majority of COVID-19
patients exhibit only mild or minor neurological
symptoms®% 52,

Sensory clinical manifestations

In South Korea, approximately 30% of COVID-19
patients experienced hyposmia/anosmia, while in
Germany, the prevalence was above 65% in people
infected with the virus. Similar findings have been
observed in other countries as well. It has been noted
that the occurrence of hyposmia/anosmia is higher in
patients under the age of 40%,

The clinical manifestations of hyposmia/anosmia
may be related to deficiencies in the autonomic reflexes
of the cardiovascular system. This is because the SARS-
CoV-2 virus interacts with ACE2 in neurons of the
brainstem and central nervous system, leading to
neuroinflammation and impairing organ functions®.
Another study, in a systematic review, reported clinical
findings associated with the virus, such as anosmia and
neuroepithelial alterations or blockage of chemical
receptors in sensory cells33,

Cutaneous clinical manifestations

A study conducted in Spain with 375 cases
investigated five skin infection pathologies, including
maculopapular rashes associated with hospitalization.
The study identified maculopapular rashes (47%),
urticarial lesions (19%), areas of vesicles (19%), other
vesicular eruptions (9%), and skin lesions and necrosis
(6%) as cutaneous manifestations of COVID-19%.

Infectious clinical manifestations

Patients with COVID-19 present a clinical picture of
immune suppression and are prone to developing other
infections, as hospitalization exposes them to invasive
procedures, increasing the risk of infection with more
susceptible bacteria such as Mycoplasma pneumoniae,
Chlamydia pneumoniae, and Legionella pneumoniae®.

Diagnosis of COVID-19

It involves imaging exams, immunoenzymatic and
immunoassay tests, and biochemical tests. Imaging
exams include radiography, magnetic resonance imaging
(MRI), and computed tomography (CT) scans. Simple
radiography is the most sensitive method to detect



pulmonary changes, and CT scans are an auxiliary method
that can confirm COVID-19-related lung problems?®?,
Chest CT images are highly sensitive and specific®.

The most common findings in CT scans include
bilateral ground-glass opacities in 39 cases (75%),
consolidation in 18 cases (34.6%), and interlobular
thickening in 4 cases (7.6%). Additionally, mediastinal
lymph node involvement was observed in 14 cases (27%)
and hilar lymph node involvement in 10 cases (19.2%)%.

Immunoenzymatic and specific molecular diagnostic
tests have been recommended to detect the viral protein
of COVID-19. Reverse transcription polymerase chain
reaction (RT-PCR) tests should be performed during the
first week of symptom onset, and in most cases (90.6%),
the results are confirmed between the 4th and 15th day
after infection®. This analytical method involves reverse
transcription of the genetic material obtained from
respiratory secretions, specifically nasal samples!?. The
World Health Organization (WHO) has recommended
that samples be collected from the upper respiratory
tract soon after the onset of symptoms. RT-PCR tests
have a specificity of 100% and a sensitivity of 64%, making
them the gold standard for diagnosis®®.

Another method for rapid diagnosis is the
identification of IgG and IgM antibodies using
immunoassay techniques. However, this method has
been discouraged by the WHO due to its lack of sensitivity
and specificity'?. Serological test kits become important
when investigating the spread of COVID-19, but this can
be challenging due to cross-reactivity of antibodies®.

Biochemical tests have been found to be good
predictors of the prognosis of the disease. Elevated levels
of biomarkers such as lactate dehydrogenase, C-reactive
protein, ferritin, D-dimer, lymphopenia,
thrombocytopenia, renal and hepatic dysfunction, and
increased levels of cytokines such as IL-6 and other
interleukins have been observed in studies®?.

Elevation of troponin is associated with increased
risk of in-hospital mortality and adverse outcomes in
patients with COVID-19. Cardiovascular care teams
should have a high index of suspicion for fulminant
presentations resembling positive myocarditis®’.

Final considerations

The first studies have found that SARS-CoV-2 has a
spherical shape composed of a glycoprotein matrix with
a diameter ranging from 60 to 160 nm. Inside, it contains
a single-stranded positive-sense RNA viral genome
belonging to the beta-coronavirus genotype.

Research on COVID-19 has shown that the disease
can be transmitted in three ways: first, through person-
to-person transmission via respiratory droplets in
enclosed environments; second, through circulating
aerosols in the environment; and third, through physical
contact with contaminated surfaces. The incubation
period of the disease can last up to 27 days, as reported
by some authors, but in 97.5% of infected individuals,
symptoms appear within 11.5 days after exposure.

Hypotheses presented in scientific publications
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about the pathogenicity of SARS-CoV-2 in the host consist
of three stages: Inoculation, pneumonia, and systemic
hyperinflammation. People diagnosed with COVID-19 can
develop the following clinical  presentations:
asymptomatic, mild, moderate, severe, and critical.

Signs and symptoms related to a mild clinical
presentation are very similar to those of a common cold
or flu, such as fever, fatigue, cough, headache, sore
throat, runny nose, sneezing, nausea, vomiting, diarrhea,
and abdominal pain. In the moderate presentation, there
is pneumonia without hypoxia, while in the severe
presentation, pneumonia with hypoxia is present. In the
critical clinical presentation, the patient exhibits
symptoms of acute respiratory distress syndrome, shock,
encephalopathy, myocarditis, heart failure, as well as
blood coagulation dysfunction and acute kidney injury.
The progression of the disease's clinical course has been
associated with the presence of comorbidities such as
hypertension, diabetes, cancer, pre-existing respiratory
failure, and obesity. Obesity stood out with 48.3% of
severe cases. However, it is considered that the majority
(60-80%) of cases are asymptomatic, which implies an
imperceptible acceleration of transmission.

The gold standard test for diagnosis was the reverse
transcription-polymerase chain reaction (RT-PCR)
immunoenzymatic assay. Other tests such as
immunological assays (rapid antibody tests), imaging
exams, and biochemical tests were used to confirm
clinical outcomes and prognosis.

Despite numerous studies published in the first year
of the COVID-19 pandemic, there are still gaps in
understanding its pathophysiological process, including
the long-term consequences of this disease. Therefore,
further research on this morbidity and its consequences
is needed. Finally, this review acknowledges the
undeniable advancements of science, which, within a
year, has sought to generate knowledge to tackle the
COVID-19 pandemic.
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