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SARS-CoV-2: A Professional and
social gamechanger - Medical and
dental aspects
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This study reports the SARS-CoV-2 outbreak and its impact on dental practice
and education in Brazil. A literature review involving medical and dental
interests was performed based on recent general findings about the infection
(research and relevant guidelines). COVID-19 is a high transmissible,
unpredictable systemic disease, involving a viral replication phase, followed by
an inflammatory phase that can evolve into hyperinflammation that leads to
a cytokine storm and other serious issues including sepsis, shock and multiple
organ failure. The dentists are directly impacted by the new coronavirus as
they work with the oral cavity that is irrigated by the saliva and receive the
respiratory aerosols and droplets from the patient. In conclusion, the world is
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facing a completely new situation that deserves the comprehension of the
population and close attention of the authorities. Following protocols to
attend patients can prevent the dissemination of the virus, cross-infection,
and the contamination of health care professionals. New strategies need to be
developed to enhance the existing teaching and learning protocols in
Universities and to allow research to continue. Key Words: COVID-19; Dentistry;

Infection; SARS-CoV-2.

Introduction

In December 2019, Wuhan, capital of the province of Hubei, China was hit by an outbreak of a
severe disease, causing pneumonia and even death (1), known as SARS-CoV-2 or 2019-nCoV. On 7%
January 2020, Chinese scientists were able to isolate a new coronavirus from the Wuhan patients, never
reported in humans. On 30" January 2020, the World Health Organization (WHO) declared this outbreak
as a public health emergency of international concern as 1,760 were affected (2). On 11" February 2020,
the new coronavirus, initially named 2019-nCoV, was officially renamed as SARS-CoV2, referring to the
virus, and COVID-19, referring to the disease, an acronym for “Coronavirus disease 2019" (3).

On 11™ March 2020, WHO characterised COVID-19 as a pandemic as 6,315 were affected (2). On
24" March 2021, over 123.9 million cases were confirmed worldwide, with 2,727,837 deaths in 215
countries, being the United States of America (29,592,831 confirmed cases |/ 538,244 deaths), Brazil
(12,047,526 | 295,425), and India (11,734,058 [ 160,441) the most affected countries (4).

The SARS-CoV-2 outbreak is especially important due to its high transmission among the
population and that 5% of the infected people will need intensive hospital care, which puts additional
pressure on the lack of available infrastructure to treat the serious cases (5). In the context of dental
practice, there is an increased risk of cross-infection between dental surgeons and patients.

Therefore, the objective of this work was to report the SARS-CoV-2 outbreak by the medical and
dental points of view, and to register the present moment to provide basis for a possible future pandemic.

Infection origin

New viruses are discovered all the time. Most of them jump from species to species, generally non-
human, where they go unnoticed to human medicine. However, special attention must be given to any
virus that reaches humans for the first time, because it has overcome the first major barrier, as has the
new coronavirus. Once inside a human cell it can replicate, allowing its genome to accumulate mutations
that could affect its ability to spread easier and even become more virulent. Observing past epidemics,
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this new coronavirus must have come from a non-human animal through another non-human animal
(6-8).

SARS passed to humans from a wild animal known as a civet (or raccoon-related cat), which was
considered a delicacy in the Guangdong region of China. The cases of the new coronavirus have been
linked to the public seafood market in Wuhan, China, the so called “wet markets”. Although some aquatic
mammals may carry the coronavirus, such as the beluga whale, other classes of live wild animals that
are also commercialized in the market (e.g. chickens, bats, rabbits and exotic animals), have been
indicated as the most likely sources. With regard to SARS-CoV-2, it is believed that it originated from
bats, infected an intermediate mammal host (possibly a pangolin) and then humans. China generally
experiences more of these cases because of the size of its territory, its population density, and the close
contact that some people have with a wide range of potentially infected animals (9).

It is widely accepted that many viruses have existed in their natural reservoirs for an exceedingly long
time. The occasional and more frequent spill over of these viruses from natural hosts into humans is largely
due to human activities, including modern agricultural practices, urbanization, and the
commercialisation of exotic wild species. Therefore, the most effective way to prevent viral zoon osis is
to maintain barriers between the natural reservoirs and human society, considering the ‘one health’
concept (10).

Concern was raised about the seriousness of SARS-CoV-2 and its potential for becoming endemic.
The 2009 HIN1 pandemic influenza virus caused many mild cases, quickly spreading around the globe,
and eventually became endemic. Presently, there are four endemic coronavirus strains circulating in
human populations (229E, HKU1, NL63, and 0C43) (11). If the novel coronavirus follows the pattern seen
in the 2009 H1N1 pandemic influenza, it will spread globally and become a fifth endemic coronavirus
within the human population (12).

Viral pathogenicity / transmissibility and immunity

An RNA virus population does not consist of a single genotype; rather, it is an ensemble of related
sequences, termed quasispecies, which arise from rapid genomic evolution powered by the high mutation
rate during the replication of the viral RNA genome (13). The diversity of the quasispecies is strongly
related with adaptive evolution and the capability to cause illness (14). Coronaviruses possess an error
prone RNA-dependent RNA polymerase (RdRP) that produces mutations and recombination events
commonly occur within infected cells (14). Coronavirus particles (virions) are spheres with an average
diameter of 125 nm, ranging 60 - 140 nm (15).

Researchers are investigating what biological mechanisms the virus uses to infect human cells so
easily. Some studies focus on the spike glycoproteins on the surface of the virus that interact with a host
cell, which facilitates the transfer of viral genetic material into a host cell by adhesion. The viral
genetic material is then replicated by the host cell (9,16).

Other researchers are studying the "gateway” or receptor that the virus uses to enter human cells.
Studies have pointed out that Sars-CoV-2, similar to SARS-Cov, takes advantage of a specific receptor
called ACE2 (angiotensin-2 converting enzyme). ACE2 is on the surface of the cell, and the virus
recognizes and binds enabling it to enter the host cell. ACE2 is a protein receptor abundantly present in
human tissues such as the epithelia of the lung, the vascular endothelium, the gastrointestinal system,
the central nervous system, the olfactory bulb, skin, as well as many other tissues, justifying the entrance
of the virus particles into these tissues (17,18). The diversity of the attack on different systems of the
organism explains the complexity and clinical presentation of this disease.

After binding to the cellular receptor, a rapid replication in ACE-2 gene is crucial for the virus to
enter human cells (18). Once inside, the virus makes copies of itself, evades the cell with thousands of
copies and it is ready to start infecting other cells (18).

Therefore, Sars-CoV-2 tends to have a crucial characteristic: it is found both in the upper
respiratory tract, spreading easily to the lower tract and producing a serious disease in the lungs that
can be fatal. When the virus attacks the epithelia of the lung, the most common symptoms of COVID-
19 arise difficulty breathing and coughing, which occurs when the lungs try to get rid of the infection
(17,18).

The mortality rate due to COVID-19 is higher among people who suffer from chronic health
problems (comorbidities), such as hypertension, diabetes, or chronic obstructive pulmonary disease.
Probably, changes in metabolism caused by these diseases can trigger a series of biochemical events that
lead to an increase in the expression of the ACE-2 gene, the protein which the virus uses to infect lung
cells. An alternative explanation is that as SARS-CoV-2 is able to infect a broad range of tissues and that
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any of these tissues that is compromised by a pre-existing condition is hit harder than healthy ones
leading to complications during COVID-19. The increase in the expression of ACE-2 and other genes that
facilitate infection, including TMPRSS2 and Furin, causes these patients to have a greater number of
cells affected by the virus and, consequently, a more severe form of disease. These findings suggest these
chronic diseases change, it is not yet known how, the body's epigenetic program, making these enzymes
more active and, consequently, increasing the expression of ACE-2 and favouring the infection of lung
cells by SARS- CoV-2 (18). Senior people are also particularly at risk due to their reduced immune
response and their diminished capacity to heal the injured epithelium (19). The elderly population have
reduced mucociliary clearance, allowing the SARS-CoV-2 to propagate to the gas exchange units of the
lung promptly (19).

It should be mentioned that although children can become infected with SARS-COV-2, they
generally do not develop severe symptoms, probably due to their stronger innate immune response;
higher proportion of total lymphocytes and lower proinflammatory cytokine response; lower prevalence
of co-morbidities; higher mucosal colonization by viruses and bacteria; less ACE2 receptors with lower
affinity, among other factors (20).

An important aspect of the virus-related transmissibility is the reproduction number, known as
the RO number. In epidemiology, RO is defined as the average number of individuals who will contract
the infection after contact with an infected person. The capacity of a virus to propagate is often
considered an important factor in the severity of a disease (14). Pathogenicity is defined as the absolute
ability of an infectious agent to cause disease/damage in a host—an infectious agent is either pathogenic
or not (21). In the case of SARS-CoV-2, it has been suggested that, occasionally, an infected person with
highly severe COVID-19 will be able to pass the infection to a few individuals, while those with a
moderate illness or latent infection have the potential to spread the infection to many more individuals,
nevertheless it is not completely understood its molecular mechanism. A potential result is that
mutations in the virus that cause a low health risk to the individual may cause elevated threat to the
population (14).

The estimation of the WHO is that the RO is between 1.4 — 2.5. Other investigations estimate
between 2 - 3. Some “"superspreaders” have been found to contaminate up to 16 persons. For epidemic
control, RO needs to be below 1 (14).

As a reference, measles has a famously high RO of approximately 12 to 18, whereas influenza
has an RO of 2. However, within the confined spaces of buildings with closed environments, the RO of
SARS-CoV-2 has been estimated to be significantly higher (ranging from 5 to 14) (9).

The adoption of social distancing aims to reduce the speed of transmission of the virus, flattening
the transmission curve. It is not expected to prevent all transmission. However, with the social distancing,
the local health system should have time to reinforce the structure with equipment, respirators, personal
protective equipment, beanies, masks, safety glasses (goggles), gloves, aprons, laboratory tests, human
resources trained, clinical doctors and intensivists, nurses, physical therapists, biochemicals, biomedicals,
epidemiologists, among other professionals and not be subjected to a tsunami of patients requiring
intensive hospital care. The concern with the rapid spread of the virus and the lack of structure in
hospitals for the treatment of serious cases, lack of beds in ICUs, has prompted various state leaders from
the various affected countries, to take measures such as extreme forms of social isolation (lockdown),
including the closing of local commerce and borders and even state decrees of public calamity. There are
studies showing contagion capacity (RO) in Wuhan before social isolation was 3.8 and after almost a
month of isolation, this figure dropped to 0.7 (12).

There is "no herd immunity" effect yet since the virus is novel in humans, no pre-existing
immunity. Social distancing (quarantine, work from home, school closures) is only a "brake” to slow
spread (22).

There is still little concrete evidence about the duration of immunity to COVID-19. It is believed
that patients who have successfully beaten the virus have probably created immunity to it, although
there is insufficient data available. There are reports of patients being infected more than once, but this
is believed to be due to incorrect testing. However recent experiments with rhesus macaques would
indicate that some degree of resistance to a second infection is probable in humans (23).

While the issue of immunity is one of the most important at the moment, especially how efficient
future vaccines against the new coronavirus will be, we still have to understand the transmissibility of
the virus and what type of social isolation is necessary with the existence of a population with a degree
of immunity due to the individuals that will recover during the wave of infection with SARS-CoV-2.
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Transmission pathways

One of the main differences between Sars-CoV-2 and the other two coronaviruses, which caused
SARS and MERS, is that the latter two adhered to many more cell receptors and therefore reproduced
faster (10). This made the symptoms of SARS and MERS appear much faster and, therefore, patients
could isolate themselves or be isolated before passing the virus to other uninfected individuals.

With SARS-CoV-2, which seems more adapted to spread, the symptoms do not appear immediately
or may not even appear, but the virus can still be transmitted. A person can begin to infect others before
their symptoms appear and for up to seven days during the infection. Herein lies the real danger of Sars-
CoV-2, which is why authorities around the world place so much emphasis on measures of social
distancing. The virus can only survive if it finds a new host to infect. When a person self-isolates for 14
days, the possibility of transmitting the virus to others is eliminated or at least is drastically reduced (24).

The most common route of infection to spread the SARS-CoV-2 is by direct human-to-human
transmission as previously noted in SARS-CoV and MERS-CoV, such as transmission by contact, droplets,
aerosols and fomites containing or covered with viral particles, the most well-known routes of
transmission (25). In addition, growing evidence points to a potential route of infection by fecal-oral
transmission (26), but this is still conjecture (27).

After touching contaminated surfaces, the virus can be transmitted by touching the nose, mouth,
or eyes. SARS-CoV-2 can remain viable depending on the surface, ranging from a few hours on copper
up to 1 - 2 days on steel or plastic surfaces. However, this route of transmission does not appear to be
the most efficient (28).

Transmission of SARS-CoV-2 through the air is another possible route of transmission as studies
have detected positive air samples for SARS-CoV-2 (6,28). On the other hand, negative air samples have
also been reported (6,29). In a study from Iran, authors reported that all air samples collected 5 m around
the patients were negative (30). Recent experiments with aerosols and droplet released during talking
and breathing have indicated the most probable route of transmission especially in an enclosed
environment such as hospitals, where the distance between individuals is small, schools and churches
(31).

Although there is not enough evidence whether the samples collected are viable or not, or if the
viral load is sufficient to allow infection and cause COVID-19, however, taking precautions to avoid
airborne contamination by aerosols and droplets seems to be logical (31).

All of these points reinforce the necessity for the population to adopt standard basic
recommendations to prevent the spread of COVID-19, such as frequent cleaning of hands using alcohol-
based hand rub or soap and water; covering the nose and mouth with a flexed elbow or disposable tissue
when coughing and sneezing or better using masks; and avoiding close contact with anyone that has a
fever and cough, among others (32).

Incubation period

The estimated period of incubation ranges from 2 - 14 days (2), although the individual will
normally develop symptoms between 2 and 7 days in 75% of the cases (33) and after 14 days in less than
1% of cases (34). The median incubation period is 4-5 days (6,12).

Research suggest that the new coronavirus may remain in the mouth and nose (upper respiratory
tract) for a week before it reaches the lungs, trachea, and bronchi (lower respiratory tract) (24).
Moreover, the virus is also expelled from the body in large quantities, through the faeces, in the first
two weeks of the disease, but it is still found in them up to 26 days later, indicating how it acts in the
gastrointestinal system (27).

Main symptoms

During the initial phase, atypical symptoms are common among patients with COVID-19 including
fever, dry cough, absence of nasal congestion, persistent headache, anorexia, dizziness, asthenia (lack of
energy and strength), chills, myalgia, conjunctivitis, diarrhoea and nausea/vomiting. In the later stages,
more distinctive symptoms are present including anosmia (loss of smell), ageusia (loss of taste), dyspnoea,
(shortness of breath), chest pain, haemoptysis, vascular lesions (35-38).

As the virus seems to affect the ambiguous core of the brainstem, a common clinical pattern has
emerged, with a remarkable discrepancy between relatively well preserved lung compliance and severely
compromised pulmonary gas exchange, leading to grave hypoxaemia without the expected proportional
signs of respiratory distress (39). Therefore, a patient without tachypnoea or tachycardia does not
necessarily mean that the individual is not in a serious condition.
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Phases of the infection / inflammation

The disease can be classified according to the response phases. There is the viral response phase,
when the virus multiplies (0-9 days, peak increases after 4-5 days); and the host inflammatory response
phase to this viral attack (7-28 days), where the greatest worry is that the patient can enter a more
severe phase during the 8-9'" day of this inflammatory phase. Therefore, it is necessary to avoid this
phase since the patient can enter this phase quickly and with great intensity, where the disease
progresses to the gas exchange units of the lung and infects alveolar type Il cells.

According to Mason (19), there are three phases of the COVID-19 corresponding to different
clinical phases of the disease:

Stage 1: Asymptomatic state (initial 1-2 days of infection)

Stage 2: Upper airway and conducting airwayresponse (initial 3-5 days)

Stage 3: Hypoxia, ground glass infiltrates, andprogression to acute respiratory distress
syndrome (ARDS) (approximately 6-10 days)

Unfortunately, only about 20% of the infected patients will progress to stage 3, where the
disease progresses to the gas exchange units of the lung and infects alveolar type Il cells.
Approximately 20% of patients develop dyspnoea requiring hospital admission, typically between days
6-10.

The evolution of the infection differs between individuals, from a pulmonary infiltrate to harsh
ARDS event. A life-threatening lung disease is developed in a slight percentage of individuals with
COVID-19, characterised by severe pneumonitis, which can evolve to acute respiratory distress syndrome
(ARDS), including direct and indirect injury to alveoli; deep hypoxemia with well-preserved lung
compliance seems common early. A “cytokine storm”, an important reaction similar to haemophagocytic
lymphohistiocytosis (HLH), affects some of the critical patients (40); myocarditis/cardiomyopathy (rare
event) (41); spread intravascular clotting (42-44), and thrombotic complications may occur. It is very
important to monitor the levels of fibrin-related markers [D-dimer and fibrin degradation product
(FDP)], which can be moderately or markedly elevated in all deaths by COVID-19, suggesting that
common coagulation activation and a secondary hyperfibrinolysis condition is a complication of SARS-
COV-2 infection in these patients (42-44).

In most cases of ARDS, patients will have to be supported by supplemental oxygen and
mechanical ventilation soon after the start of the stage 3 symptoms. Individuals must be monitored
carefully and the adequate medication until specific antiviral drugs or new medication
regimes to treat the consequences of SARS-CoV-2 infection become available (19).

Mortality percentage of acute respiratory distress syndrome ranges from 30 to 40% (45). Lung
function progressively improves over a period of 6 to 12 months; however, significant damage and a
lower-than-normal lung volume are expected in those recovering from the disease (45). The diminished
quality of life resulted as a consequence of low lung function can lead the patient to develop anxiety,
depression, and post-traumatic stress disorder.

Spectrum of severity

After infection due to SARS-CoV-2, illness can range from no symptoms to severe COVID-19. A
proportion of infected individuals can continue with no symptoms although the precise proportion is
not known. The percentage of each degree of severity experienced in a cohort study: mild or moderate
(819%), severe (149%) (dyspnoea, RR > 30, O, saturation < 93%, PF ratio < 300, and/or lung infiltrates);
critical (5%) (respiratory failure, septic shock and/or multiple organ dysfunction) (46).

Testing and assays

The recommended diagnostic test is the RT-PCR (47). In the presence of extensive community
transmission of the virus and/or limited laboratory resources, it can be recommended to perform RT-
PCR in a single discriminatory target (47). In cases of specimens with non-interpretable results,
confirmatory testing is recommended. In this cases, re-sampling or repeating tests in a previous
collected sample can be performed. A combination of oropharyngeal and nasopharyngeal swabbing
into a single diagnostic test can be performed in a situation of lack of testing materials.

Several commercial detection and serological assays for SARS-CoV-2 are on the market,
however, information on their clinical performance is still limited. Validation of commercial assays is
an urgent priority (47). Table 1 shows the complementary use of RT-PCR and serological tests to define
the clinical stage of the infection in patients with COVID-19. The RT-PCR test will determine the
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presence of SARS-COV-2 during any phase of the disease while the virus is replicating, whether
symptomatic or asymptomatic, this normally occurs up to the period between 8™-10" day. Individual
assays for the presence of IgM or IgG against SARS-COV-2 can help to define whether the infection
is active, after the 14" day, or if the individual is in the convalescent phase. IgM being the initial
response to infection, followed by the presence of IgM and IgG during the symptomatic phase and
finally only IgG during the final and recovery phases.

Table 1. Clinical significance of the RT-PCR and serological assays (IgM and IgG) during the phases of infection

Results

Clinical significance” Reaction time™
RT-PCR IgM I9G
Negative Negative Negative Negative (Incubation period) From day 0 to 2
Positive  Negative Negative Infection (viral phase) Up to the 5™ day
nng:E:/e Positive  Negative In case of false-negative RT-PCR. Repeat RT-PCR Nearly 7t day
Positive ~ Positive  Negative Inflammatory phase of infection From the 7t day
Positive ~ Positive  Positive Inflammatory phase of infection Nearly 14™ day
Positive ~ Negative  Positive Inflammatory phase of infection Nearly 215 day

Negative Negative Positive Infection in evolution. Perform RT-PCR for confirmation Nearly 28t day

Negative Negative  Positive Previous contact with the virus After 28™ day

*Incubation period: 0-2 days; Viral response phase, when the virus multiplies (0-9 days, peak increases after 4-5 days);
Host inflammatory response phase to this viral attack (7-28 days).
“The reaction time is estimate and may differ according to the individual.

The use of saliva for COVID-19 detection represents a potential for clinical diagnosis as it contains
live SARS-CoV-2 (49). This virus encountered in saliva may come from the nasopharynx, lower respiratory
tract and infected salivary glands, the latter occurring in the early part of the disease process (49).

Chest computed tomography

Chest computed tomography (CT) is of great significance for diagnosing and managing patients
with COVID-19 (50). Nevertheless, the diagnosis of early ground glass opacity (GGO) with plain chest
radiography is easily missed (50). High-resolution CT (HRCT) is a valuable tool for initial diagnosis of
COVID-19 (51). HRCT permits the evaluation of the lung lesions, enabling doctors to well comprehend
the pathological process. With successive CT examinations, the incidence, progression, and prognosis of
COVID-19 can be understood (50).

Treatment

Currently there is no specific treatment for COVID-19 (48). In cases of patients requiring supportive
care and/or oxygen supplementation, it can be performed via non-invasive or mechanical ventilation.
Patients in severe condition may require vasopressor support and antibiotic therapy as secondary
microbial infection may occur. Cardiomyopathy, pulmonary embolism, and sudden onset death have
been reported. The World Health Organization's COVID-19 Clinical Network to continue collecting data
to assess the frequency of COVID-19-related complications.

A number of pharmaceuticals are being used for severe and critically ill patients as potential
treatments against SARS-CoV-2, including ribavirin; interferon B-1a; the antiviral combination
lopinavir/ritonavir; the combination of a FDA-approved broad spectrum anti-parasitic agent ivermectin,
which has been shown to have in vitro anti-viral activity against a broad range of viruses (52), with
azithromycin in the asymptomatic phase, the antimalarial chloroquine/hydroxychloroquine, or the
antiviral nucleotide analogue Remdesivir and the antiviral Favipiravir in the symptomatic phase (53).
Several clinical trials are recruiting patients globally to assess the effect of different treatment options
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(48), not only in critically ill patients, but also in the early phases of the disease, in order to establish
protocols to control the progression and onset of the more life-threatening symptoms (54).

A study undertaken in China involving 199 patients showed no favourable effect in using
lopinavir/ritonavir on the clinical course or the mortality compared to control (standard treatment)
(55). Remdesivir showed to be more effective than placebo in reducing the recovery time in adult
patients and decreased infection on respiratory tract; however, there was no significant effect on
mortality rate (56).

In vitro studies have shown hydroxychloroquine to modify the uptake of the coronavirus in
cells. Furthermore, clinical studies and minor case series have used hydroxychloroquine (57). However,
at this moment, the use of hydroxychloroquine remains undefined. The use of azithromycin has also
been investigated as this macrolide shows immunomodulatory effects via macrophage activation and
inhibition of neutrophilic inflammation (58).

Systemic use of steroids has not been recommended because they might increase the viral
replication and shedding of the virus along with other steroid- related side effects (59). However, recent
research has shown that the use of dexamethasone may be helpful for patients hospitalized with COVID-
19 who require oxygen, including those on ventilators (60).

Blocking of the inflammatory cascade through IL-6 and IL-4 blockers have also been
investigated. Currently, there is no evidence that reports that NSAIDs (non-steroidal anti-inflammatory
drugs) aggravate COVID-19 clinical condition via augmented expression of ACE2 (angiotensin-
converting enzyme 2), whose receptor have been associated with virus entrance in the target cells (48).

The use of anticoagulants (low molecular weight heparin, IMWH) in COVID-19 positive patients
have been also investigated, particularly in patients with a risk of venous thromboembolism (VTE), in
which the D-dimer levels are high (42,61). Hospitalized patients should be categorized for risk of VTE
to be given the best prophylaxis for each specific case. With regard to continuing prophylaxis
(especially chemical prophylaxis) after patient discharge, there is no evidence on which to base
systematic prescription; It is suggested that patients are once again categorized at discharge for
thrombotic and haemorrhagic risk and that the best treatment should be chosen on this basis, in
addition to instructing all discharged patients to remain active when confined at home (61).

Vaccine

Over 200 vaccine candidates are in development worldwide. Sixty of them in clinical
development, also called drug development process that includes drug discovery, pre-clinical research
and clinical trials (62). The World Health Organization launched in 2020 the COVAX Facility, co-led by
the Coalition for Epidemic Preparedness Innovations (CEPI); Gavi and the World Health Organization
(WHO), alongside key delivery partner UNICEF. (62, 63). COVAX is the vaccines pillar of the Access to
COVID-19 Tools (ACT) Accelerator (63). The ACT Accelerator is a ground-breaking global collaboration
to accelerate the development, production, and equitable access to COVID-19 tests, treatments, and
vaccines (63).

Currently, 7 different vaccines are under application in several countries. Overall, vulnerable
individuals are top priority for vaccination. A total of 422,798,534 vaccine doses were administrated
in the world (24" March 2021) (62).

Main impacts in dental practice in brazil

The dentists are directly impacted by the new coronavirus as they work with the oral cavity that
is irrigated by the saliva and receive the respiratory aerosols and droplets from the patient. The fact that
SARS-CoV-2 remains and replicates in the upper respiratory tract (mouth and nose) for approximately a
week before reaching the lungs, trachea and bronchi, and before the classical symptoms of the disease
are apparent, makes the disease even worse for dentists, who have close contact with the patient during
treatment. SARS-CoV-2 in saliva may come from the nasopharynx, lower respiratory tract, and infected
salivary glands (which occurs early in the disease process). The situation is made worse because certain
dental procedures use high-speed handpieces or ultrasonic instruments, which will convert any
secretions, saliva, or blood into aerosols that are released into the surroundings. Dentists normally follow
procedures where the dental apparatus could be contaminated with various pathogenic microorganisms
during use or when exposed to a contaminated clinic environment. Thereafter, infections can occur
through the puncture of sharp instruments or direct contact between mucous membranes and
contaminated hands (64).
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Now the dentists must deal with a different concept, the patient may be the source of the
contamination that could infect the dentist and the clinical environment. Due to the unique
characteristics of dental procedures where a large number of droplets and aerosols could be generated,
the standard protective measures in daily clinical work are not effective enough to prevent the spread
of COVID-19, especially when patients are in the incubation period and are unaware that they are
infected, or they choose to conceal the fact that they are infected (48).

The Brazilian Dental Federal Council (63), based on the American Dental Association guidelines
(66), has recommended that dental practitioners attend only dental emergencies and urgent care, with
elective treatment not being recommended at the moment.

According to the Brazilian Dental Federal Council, from a total of 40,000 interviewed
professionals, 82% kept their activities during the pandemic, most of them following recommended
biosafety measures (67).

Biosafety in dental care

During this hazardous time, it is important to keep in mind certain important points before
attending a patient. CDC (32), ADA (66) and other authors (68,69) recommend:

a) Maintain the ventilation and air conditioning system working properly

b) Patient placement

¢) Number of patients to be attended and protective measures

d) Administrative controls and work practices

e) Use of personal protective equipment (PPE)

Dental procedures

Before each dental procedure, it is recommended that the patient performs a mouth rinse with
dental mouthwash components that can include antimicrobial products such as ethanol, chlorhexidine
(0.29%), cetylpyridinium chloride (250-750 pg/ml), hydrogen peroxide (1.5%) and povidone-iodine (1%)
(70).

With regard to the inanimate clinical environment, disinfection of the surfaces using 62-71%
ethanol, 0.5% hydrogen peroxide, and 0.1% (1 g/L) sodium hypochlorite (71) is critical to prevent cross-
infection. Consider extending the time between appointments so there is enough time to clean all the
surfaces.

Performing an appropriate isolation of the tooth with rubber dam and gingival barrier before
starting to access the cavity to prevent saliva infiltration. Subsequently, a disinfection protocol with 30%
H,0, (v/v) for 30 seconds, 2.5% NaOCI (30 seconds) and then neutralisation with 5% sodium thiosulfate
(72-74) to eliminate microorganisms in the operatory field. Next, it is recommended that the water
supply from the equipment is disconnected and cooling is performed manually using sterile saline and
syringe (72-74).

A four-hand treatment is desirable, as the main operator can focus on the dental treatment and
maintain the aseptic chain, while the auxiliary personnel can focus on biosafety by aspirating the saliva.
Moreover, high-efficiency surgical suctions should be preferred.

Consider extending the time between appointments so there is enough time to clean all the
surfaces. Avoid greeting patients with kisses and handshakes before/after appointments.

All professionals and their staff should wear respirator mask N 95/PFF2 or equivalent.

Reinforce the use of aprons, protective clothing (grammage of 50g / m2 weight), caps, gloves, eye
protection, face shield.

Reinforce the use of masks for the patients before and after their attendance. Protect them with
caps, aprons.

Wash hands carefully before and after attending every patient.

After every appointment, immediately clean and disinfect all the surfaces and the working
environment.

Follow strictly the universal procedures for autoclaving and disinfecting.

The use of peracetic acid for immersion of the dental instruments before autoclaving reduces the
microbial load.

The use of cone beam computed tomography (CBCT) should be considered as it prevents from the
cough and gag reflex that may occur during intraoral radiography (71). In the absence of this imaging
tool and necessity of taking intraoral radiography, sensors should be double-covered to prevent
perforation and cross-contamination (71).
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Main impacts in teaching and learning

Due to the increasing number of COVID-19 in the Brazilian territory over the last months,
Universities have stopped their activities involving presential teaching, research, and patient care for an
undefined period.

With regard to Undergraduate teaching, most of the Universities have completely ceased their
face-to-face activities. However, digital platforms ensure distance learning. As for Postgraduate courses
remote activities are being held. In most of the cases, ongoing research is based on surveys and data
processing.

In order to provide a safe environment in Dental Schools, The Brazilian Association of Dental
Education (ABENO) has developed a guideline on the following topics: Clinical settings, flow of patients,
daily routine, biosafety protocols, and training. Overall, it suggests strategies to reduce aerosol, rigorous
process of disinfection and sterilization, and how to behave before, during and after being into the
dental school (75,76).

It is important to point out that Brazil is a continental dimensions country with huge issues
regarding social inequality. Although the use of internet seems to be an important tool for distancing
learning, in some regions of the country, not all students have access to a network, which creates
problems when trying to maintain the students' level of learning. In north Brazil it is a characteristic to
have the main public universities in the capital of each state, therefore, students from neighbouring
cities, most of them with low infrastructure, including riverside communities, have to move to gain
access to a University education.

The Federal Government, through its main funding agencies: CAPES (Brazilian Coordination for
the Improvement of Higher Education and Graduate Training Personnel) and CNPq (National Council for
Scientific and Technological Development), has launched programs to combat epidemics/pandemics.
CAPES will allocate R$ 200 million (approximately US$ 23,42 million) over the next four years to projects
that deal directly or indirectly with studies involving COVID-19. Scholarships will also be awarded in
addition to the amount already projected for the scholarship grant model, and funding and capital
resources of up to R$ 345,000 per project, for up to 30 selected research projects. CNPq has released
over a total of R$ 50 million (approximately US$ 8.5 million) to support 11 research projects involving
COVID-19. Sio Paulo Research Foundation (FAPESP) selected projects in the so-called Rapid
Implementation Supplements against COVID-19. FAPESP researchers have redirected resources from
their grants to the themes associated with COVID-19 and the agency has approved resources and Post-
Doctoral Scholarships in the Regular Aid Supplement for Rapid Implementation (APR-SRI). The call is
aimed at research proposals of up to 24 months as supplements to current projects in the forms of
Research Aid - Thematic Project, Young Researchers, Research, Innovation and Dissemination Centers or
Research Centers in Engineering. Nonetheless, all over Brazil, State Research Agencies are playing a
relevant role as inducers for Science, Technology, and Innovation, issuing specific calls for proposals as
a part of the state fight against the coronavirus.

Final remarks

COVID-19 is a complex, unpredictable and systemic disease, involving a viral phase, followed by
an inflammatory phase that can evolve to an hyperinflammation, that leads to a cytokine storm and
other very serious problems, such as sepsis, shock, multiple organ failure. In this phase, there is the need
for intensive care in hospitals.

Early in 2020 WHO estimated it would take at least 18 months to develop a vaccine against SARS-
CIV-2, however, it was achieved in less than 12 months. In contrast, the speed of producing and acquiring
the vaccines as well as the distribution to the general population varies from country to country, and
even from state to state. This means that countries may have to alternate periods of isolation and
relaxation during this period depending on epidemiological monitoring. Besides the effects of these long
periods of isolation, the fear of being infected will be present in the population for a long time, giving
rise to behavioural consequences such as depression and panic syndrome.

The key to the return of normal socio-economic activities with the preservation of life, relies on
the development of a treatment for this disease, making it at least controllable (54). Therefore, in the
meantime, the adoption of standard basic recommendations by all the members of the population to
prevent the spread of COVID-19, such as the use of masks, social distancing, and quarantine to flatten
the transmission curve, must occur to allow the hospital services to cope. However, adopting these
measures will retain a large number of people that have not been exposed to the virus, which susceptible
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to successive waves of infection. Only when a large part (60-70%) of the population has already become
infected with the virus, may herd immunity be able to function and limit the spread of the virus. This
could also happen when a mass vaccination occurs. However, reaching a herd-immunity threshold
depends on factors such as vaccine hesitancy, the emergence of new variants, the delayed arrival of
vaccinations for children, among others.

The pandemic has shown that there is a need for rigorous and serious public policies to organize
not only health, but also the economy. A good relationship should exist between Science, Public Health
and Politics. The transformations needed are countless and include changes in politics, economics, health
services, business models, social relations, culture, social psychology and the relationship between the
city and public space, among other things.

The world that we used to live in before coronavirus no longer exists. Global changes that would
normally take decades had to implemented in a matter of months. It is possible to say that the SARS-
COV-2 pandemic marked the end of 20" century, a century that was considered highly technological,
but its limitations have been exposed by this coronavirus.

The WHO continues to emphasize the extreme importance of frequent hand hygiene, respiratory
etiquette, and environmental cleaning and disinfection, as well as the need of maintaining physical
distances and avoidance of close, unprotected contact with people with fever or respiratory sym ptom s
(4).

In conclusion, the world is facing a completely new situation that deserves the comprehension of
the population and close attention of the authorities. Following protocols to attend patients can prevent
the dissemination of the virus, cross-infection, and the contamination of health care professionals. As
the anti-coronaviral drugs and new vaccines are still under development, the fear of being infected will
be present in the population for a long time and will play a role in economic and social programs.
Moreover, new strategies need to be developed to enhance the existing teaching and learning protocols
in Universities and to allow research to continue.
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Resumo

Este estudo descreve o surto de SARS-CoV-2 e o impacto na pratica e Ensino em odontologia no
Brasil. Foi realizada uma revisdo da literatura acerca de interesses meédico e odontologico baseada em
achados recentes sobre a infeccdo (pesquisa e diretrizes relevantes). COVID-19 é uma doenca sistémica
altamente transmissivel, imprevisivel, envolvendo a fase de replicacdo viral, sequida da fase inflamatéria
que pode evoluir para um estado de hiper inflamacdo, levando a uma "tempestade de citocinas” e outros
sintomas tais como sepse, choque e faléncia multipla de 6rgaos. Os dentistas sdo diretamente impactados
pelo novo coronavirus uma vez que trabalham com a cavidade oral que ¢ irrigada pela saliva, e recebe
aerossois e goticulas oriundas da respiracdo do paciente. Concluiu-se que o mundo estd enfrentando
uma situacdo completamente nova e merece a compreensao da populacdo e atencdo das autoridades.
Sequir protocolos para o atendimento de paciente pode prevenir a disseminacdo do virus, infeccdo
cruzada e a contaminacdo de profissionais da saude. Novas estratégias precisam ser desenvolvidas para
melhorar os protocolos de Ensino e aprendizagem existentes nas universidades e permitir que a pesquisa
continue.
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