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Abstract

December 2019 marked the beginning of the current Coronavirus disease pandemic (COVID-19). Severe acute
respiratory syndrome-related coronavirus 2 (SARS-CoV-2) was identified as the causative agent of a viral pneumonia
outbreak in Wuhan, Hubei Province, China. The alarming spread levels and clinical severity elevated the status of
COVID-19 to the global pandemic by the World Health Organization. In 6 months, more than 25 million cases of
infected people and more than 890,000 deaths by COVID-19 had been reported worldwide. The main goal of this
review is to shed light upon the current COVID-19 epidemic situation in Brazil with a health approach highlighting
some unique environmental, animal and epidemiological aspects.

Keywords: SARS-CoV-2, COVID-19, environmental virology, Brazil, disease pandemic.

Received: July 02, 2020; Accepted: January 18, 2021.

Introduction

Severe acute respiratory syndrome-related coronavirus
2 (SARS-CoV-2), initially named Novel coronavirus (2019-
nCoV), is the causative agent of the current Coronavirus
disease 2019 (COVID-19) pandemic (Gorbalenya ef al.,
2020). SARS-CoV-2 belongs to the Coronaviridae family
(subfamily Coronavirinae) which includes four genera,
Alpha-, Beta-, Gamma- and Delta- coronavirus. Only alpha
and betacoronaviruses are known to infect humans, of
which human coronavirus (HCoV)-229E and HCoV-NL63
are classified as alphacoronaviruses, while HCoV-HKU1,
HCoV-0C43, Middle East respiratory syndrome coronavirus
(MERS-CoV), SARS-CoV, and SARS-CoV-2 are grouped
within the Betacoronavirus genus.

The subgenus Sarbecovirus comprises SARS-CoV
and SARS-CoV-2, which are classified in the same species:
SARS-related coronavirus (SARSr-CoV) (Cui et al., 2019).
This viral family is characterized by significant genetic
variability and a high recombination rate that enable them to
be easily distributed among humans and animals worldwide.
Coronaviruses are enveloped and have a positive-sense single-
stranded RNA genome of approximately 30 kb, ranging from
60-220 nm in size with crown-like spike proteins on their
surfaces that bind to host cell proteins allowing viral entry
(Tu et al., 2020).

In December 2019, this virus caused viral pneumonia
in Wuhan, Hubei Province, China, being identified in the first
week of 2020 with fast dissemination throughout China and
surrounding countries (Jin et al., 2020). The alarming levels
and severity of its spreading elevated the status of COVID-19
to the global pandemic by the World Health Organization
(WHO) on March 11%, 2020. On that date, the number of
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cases outside China had increased 13-fold and the number
of affected countries had tripled (more than 118,000 cases in
114 countries, 4,291 deaths) (WHO, 2020a).

The epidemiological situation worldwide has been
changing since the beginning of the outbreak. According to
WHO (2020b), the Western Pacific region had the majority
of'the daily confirmed cases in the first months. After that, the
situation had rapidly changed and the highest daily confirmed
cases occurred in the Eastern Mediterranean region at the
beginning of March, followed by Europe from March to April,
alternating some days with the Americas, and since April 21%
the Americas have been showing the highest numbers so far
(data updated on September 9%, 2020). By the beginning of
September of 2020, more than 25 million cases and more than
890,000 deaths due COVID-19 have been reported worldwide
(WHO, 2020b, c).

In Europe, the first patient was diagnosed with COVID-19
on January 24" 2020, a 48-year-old French woman who
came from China (Lescure et al., 2020). On September 2020,
the country in Europe with the highest number of infected
people was the Russian Federation, with more than 1 million
confirmed cases (WHO, 2020b).

In the Americas region, the United States of America
(USA) and Brazil have the highest numbers of confirmed cases
and deaths from COVID-19 (WHO, 2020b, c). In the USA, the
first case of COVID-19 was reported on January 19*, 2020, a
35-year-old man in the Snohomish County, Washington, with
a four-day history of cough and fever. He revealed that he had
returned to Washington State on January 15%, after traveling
to visit his family in Wuhan, China (Holshue ef al., 2020). In
September 2020, the total number of confirmed cases in the
USA was more than 6 million (WHO, 2020b).

In Latin America, the first case of COVID-19 was
confirmed in Brazil by the Ministry of Health on February
25™ 2020. The case was a Brazilian man, 61 years-old, who
traveled from February 9" to 20", 2020, to Lombardy, Northern
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Italy (Rodriguez-Morales et al., 2020). In September 2020,
Brazil already had more than 4 million confirmed cases and
more than 100 thousand deaths (WHO, 2020b). The current data
showed that four out of ten countries with the highest number
of infections were from South America (Brazil, Peru, Colombia
and Argentina) (WHO, 2020c). Globally, in September 2020,
the Americas had the highest number of infected people, more
than 14 million cases; while the Western Pacific had the lowest
number with about 500 thousand cases. In relation to the
highest number of deaths, the Americas recorded the highest
number, almost 500 thousand deaths, and Western Pacific had
the lowest with about 11 thousand deaths (WHO, 2020b, c).

The main goal of this review is to shed light upon the
current COVID-19 epidemic situation in Brazil with a health
approach, highlighting some unique environmental, animal
and epidemiological peculiarities that impose challenges
to overcome this situation in a society with high levels of
inequality. Environmental factors are associated with the
spillover of SARS-CoV-2 and might constitute the main
driving source of the persistence of the pandemics.

The spread of SARS-CoV-2 in Brazil

Sédo Paulo-Guarulhos International Airport, located in the
State of Sdo Paulo, is the largest airport in Brazil and this city
is the most populated in South America (> 23 million people).
Furthermore, besides the high air traffic connecting Brazil with
cities in Latin America, North America, Europe, Africa and
the Middle East, there are usual connections with metropolitan
centers of Paraguay, Argentina, Uruguay and Bolivia by roads
and bus services, and with Chile, Argentina and Bolivia by
some railways (Rodriguez-Morales et al., 2020).

So, without border control, the spread of SARS-CoV-2
through these routes is probably inevitable. According to
Candido ef al. (2020), it is estimated that 54.8% of SARS-
CoV-2 introductions in Brazil came from travelers infected
in Italy, 9.3% in China and 8.3% in France. Only the route
Italy - Sao Paulo could be responsible to comprise 24.9% of
the total of travelers with COVID-19 flying to Brazil during
this period.

COVID-19 was declared a pandemic on March 11,
2020, but only on March 27", the Brazilian government issued
anew ordinance (No. 152) restricting the entry of foreigners
of all nationalities to Brazil (Governo Federal do Brasil,
2020). On the same day the Centers for Disease Control
and Prevention (CDC) issued a Global COVID-19 Level 3
Warning recommending that travelers avoided all nonessential
international travels (CDC, 2020a).

As of March 30", 2020, there was no official protocol for
SARS-CoV-2 testing in ports, airports and borders; the only
measure adopted by the National Health Surveillance Agency
(Ageéncia Nacional de Vigilancia Sanitaria — ANVISA) was
to identify symptomatic cases of COVID-19 at such locations
(ANVISA, 2020). However, only symptom screening of
incoming passengers may not be effective to reduce the global
spread of SARS-CoV-2, as a large proportion of infected
travelers may be asymptomatic or presymptomatic. That way,
to decrease the risk of importation of cases to other countries
it is necessary to improve the tracing within the epicenters
(Wells et al., 2020).
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As described above, SARS-CoV-2 was first reported in
Brazil from a traveler coming from Italy. At the beginning
of SARS-CoV-2 spread in Brazil, most of the diagnosis was
performed in higher-income people (Souza et al., 2020). People
with that social condition, for example, traveled more during
summer vacation and many were infected abroad. Thus, the
infection to low-income people that comprises most of the
Brazilian population occurred later. Another Brazilian study
showed that less-educated adults presented a 2-fold higher
prevalence of SARS-CoV-2 infections (Rezende et al., 2020).

A few weeks after the first detection in Brazil, local
transmission was already established in several foci (Souza et
al., 2020), and once the virus reached the low-income classes,
control measures became more difficult to be taken since several
official diagnostic laboratories became initially overwhelmed.
Currently, the lack of personnel and laboratory material to meet
the demand for diagnosis in official government laboratories
has been met by hospitals and research groups from universities
in several Brazilian states.

Regional climate and SARS-CoV-2 transmission

In the past, a study showed that high temperatures and
high relative humidity have a negative effect on SARS-CoV
viability, while lower temperatures and low humidity can be
a benefit to prolong virus survival on contaminated surfaces
(Chan et al., 2011). In the beginning, the first studies with
SARS-CoV-2 showed similar stability to that of SARS-CoV,
for which the main results demonstrated that at 65% relative
humidity and 21-23 °C temperature the virus can be viable in
the air for up 3 hours (Van Doremalen ef al., 2020).

When the stability of SARS-CoV-2 is evaluated at
different temperatures, it is possible to observe that this
virus is highly stable at 4 °C and sensitive to the heat. As
the temperature rises, the time that the virus remains viable
decreases, for example, at 22 °C the virus can remain viable
for 7 days, at 37 °C for 1 day, at 56 °C for 10 minutes and at
70 °C for 1 minute (Chin et al., 2020).

Brazil is a large tropical country with most of its territory
located between the Equator and the Tropic of Capricorn. A
Brazilian study about the effect of tropical weather on SARS-
CoV-2 transmission did not identify evidence of a negative
correlation on COVID-19 infection in higher temperatures
(above 25 °C). However, below the threshold of 25.8 °C, the
cases decreased by —5.9035 for every 1 °C rise in temperature
(Prata et al., 2020).

The highest annual temperature means are usually in
the North and the lowest in the South, however, the South
of Brazil is the region that has been presenting the lowest
number of cases and deaths per million inhabitants so far
(data updated on August 15", 2020) (Table 1) and showed an
increase in case numbers later when compared to other states.

On the other hand, in the first months of the pandemic,
the Northeast and North regions have quickly shown a spread
in cases and death numbers, being only behind the Southeast
region. The North region has also shown the highest number
of deaths per million inhabitants (Table 1). These data show us
that questions regarding the regional differences of a country as
large and diverse as Brazil may have a more relevant influence
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Table 1 — Number of cases and deaths by COVID-19 in different regions of Brazil*.

Cases of COVID-19

Deaths by COVID-19

Region of Brazil Cumulative number Per million inhabitants Cumulative number Per million inhabitants
Southeast 1,158,423 1,310.90 48,214 54.6
Northeast 1,018,476 1,784.60 32,108 56.30
North 473,725 2,570.30 12,670 68.7
South 321.217 1,071,60 7,079 23.6
Center-West 345,255 2,188.50 7,161 43.9

*The data of cases and deaths of COVID-19 in the regions of Brazil for the 33rd epidemiological week was obtained from the 27th Special Epidemiological
Bulletin COE-COVID-19 published by the Ministry of Health and the Health Surveillance Secretariat (SVS) of Brazil (Ministério da Satide do Brasil, 2020).

on the spread and aggravation of the disease when compared
to abiotic issues.

Social distancing

To reduce SARS-CoV-2 transmission, an early
implementation of social distancing has proven effective
in many countries. Also, it is much important to accelerate
and expand testing to obtain data more accurately in order
to be able to track positive cases and contact people who had
been in contact with those cases to better control COVID-19
spread (Bedford ef al., 2020; de Oliveira et al., 2020). Since
there are no COVID-19 vaccines widely available so far,
non-pharmacological interventions like social distancing,
quarantine and isolation of infected individuals are important
alternatives to reduce transmission and slow the SARS-
CoV-2 spread (Wilder-Smith and Freedman, 2020). Therefore,
flexible social distancing measures must be made with
extreme caution.

The Brazilian Inloco startup developed a map showing
the percentage of the population that is respecting the isolation
recommendation during the COVID-19 pandemic based on
the location of their cell phones, and although it is not possible
to represent the total population it is possible to have an
approximate number of the Social Isolation Index. The data
demonstrated that the higher index achieved on May 22",
2020, where the Social Isolation Index was 62.6%, this number
has been falling, and on June 26%, 2020, the index was 37.5%
(Inloco, 2020).

On May 8™, 2020, in its Report 21, the Imperial College
COVID-19 Response Team published that in Brazil, so far,
the changes in mobility have not been stringent enough to
reduce the transmission number and it is possible to project a
continued growth of the epidemic. Therefore, if the government
does not adopt harder control measures the virus will still have
enough hosts to infect, the epidemic will continue to grow
exponentially and the associated number of cases and deaths
will therefore increase (Mellan et al., 2020).

Initiatives of Brazilian research groups to help in the
SARS-CoV-2 pandemic

In Brazil there are State Central Laboratories
(Laboratorios Centrais de Saude Publica - LACEN) that
belong to the National System of Public Health Laboratories
(Sistema Nacional de Laboratorios de Saude Publica -
SISLAB). Currently, they do the most of the diagnosis of
SARS-CoV-2. However, only these institutions and private

diagnosis labs are not enough to cover the high diagnosis
demand imposed by the COVID-19 pandemic.

Therefore, to contribute to a faster and efficient national
response to the present pandemic, many research groups
offered their labs and expertise to accelerate the diagnosis.
The tests done in the laboratories from public and private
universities counted mainly with the help from researchers
and student volunteers. However, even with these efforts the
number of COVID-19 tests performed is still low.

According to the Worldometer Website (September
2020), Brazil occupies the rank position in the number of tests
performed and 10" in the number of confirmed cases per 1
million people. Mass testing is seen as an important method
to identify the positive cases and apply public health measures
in time. These actions help to slow transmission and develop
strategies to decrease the impacts of the pandemic on society.

In addition to the huge help in the diagnosis, many
Brazilian scientists are working in several research projects
about SARS-CoV-2 and COVID-19, including the development
of diagnostic kits, testing of drugs and vaccines, and on the
production of personal protective equipment and respirators.

SARS-CoV-2 in animals

Coronaviruses are known to infect wild and domestic
animals, where bats act as a reservoir for different CoV genera
and species (Banerjee et al., 2019). Alpha and beta-CoVs are
frequently reported in mammals, while delta and gamma-CoV
are more frequently reported in birds. SARS-CoV-1 was the
first CoV known to have inflicted severe disease in humans. It is
likely that SARS-CoV-1 has an evolutionary origin in horseshoe
bats (Rhinolophus spp.) (Wong et al., 2019), but as this virus
was also found in captive cat civets (Civettictis civetta) and
raccoon dogs (Nyctereutes procyonoides) in markets and
some farms, it is believed that these species might have acted
as intermediate hosts for SARS-CoV-1 (Guan et al., 2003;
Kan et al., 2005).

SARS-CoV-2 is phylogenetically closely related to SARS-
CoV-1, and it has been classified in the same betacoronavirus
species; besides, early genomic comparisons revealed that the
most closely related viruses to SARS-CoV-2 came from bats
(Zhou et al., 2020). Although bats are likely to be the reservoir
and host for this virus, their general ecological separation from
humans makes it probable that other mammalian species act as
intermediate or amplifying hosts, within which SARS-CoV-2
was able to acquire some or all of the mutations needed for
efficient human transmission (Zhang and Holmes, 2020).



According to Zang and Holmes (2020), to determine what these
intermediate host species might be, it is imperative to perform a
much wider sampling of animals from wet markets or that live
close to human populations. Moreover, other SARS-CoVs were
reported in different bat species worldwide (Goes et al., 2013).

SARS-CoV-2 spread in Brazil initially affecting the
Southeastern, Northeastern and Northern regions. The
Southeastern region has high demographic density, whereas
the other two regions present poorer sanitation and public
healthcare conditions. Of great concern is the spreading to
the Amazon region, which combined with alarming levels of
deforestation, poses an enormous threat to native indigenous
tribes and creates conditions for this virus to come in contact
with wildlife (Ellwanger et al., 2020). Brazil presents around
184 bat species, and such species richness is similar to that
found in the Southeast of Asia; albeit adaptation to a novel
host and a zoonotic establishment is a complex multifactorial
process, this fact should be considered when predicting the
risk of the perpetuation of SARS-CoV-2 in South America
(Han et al., 2016).

This scenario is considered in North America (Franklin
and Bevins, 2020) where bat diversity, contact with humans
and richness are far lower than in Brazil, therefore this form
of perpetuation should be monitored in the future in Brazil as
well. Currently, few studues are searching for CoV in Brazilian
bats, where only alpha-CoV was found to date (Goes et al.,
2013). The wide variety of beta-CoV found in bats worldwide
combined with the heterogeneity of Brazilian bats may be a
potential source of CoV investigation.

Recent research shows the presence of viruses closely
related to SARS-CoV-2 in Malayan pangolins (Manis
Javanica), that are of great interest since they are frequently
involved in illegal trafficking and their endangered status.
Moreover, the recent studies that showed that they can
carry viruses closely-related to SARS-CoV-2 suggest a far
greater diversity of related betacoronaviruses in a variety of
mammalian species. However, to fully understand the extent of
hosts and the diversity of betacoronaviruses circulating, animal
samples need to be further investigated. On the other hand,
some authors report that the potential amplifying mammalian
host, intermediate between bats and humans, is unknown.

Since the mutation in the original strain could directly
have triggered virulence towards humans, it is not certain
that this intermediary exists (Cascella et al., 2020). Many
uncertainties due to lack of data remain for the actual hosts of
SARS-CoV-2 and their zoonotic characteristics, showing the
importance of including monitoring and surveillance of this
virus in wild animals. As a way to minimize these uncertainties,
Becker et al. (2020) carried out a study proposing predictions
models that could help to guide sampling for novel potentially
zoonotic viruses, immunological research to characterize
key receptors (e.g., ACE2) and identify mechanisms of viral
tolerance, and experimental infections to quantify competence
of suspected host species.

It has been experimentally shown that among animals,
felids and mustelids are permissive to SARS-CoV-2 infection,
while dogs, pigs, chickens and ducks are not as susceptible
(Shi et al., 2020). A recent outbreak of SARS-CoV-2 in mink
farms in the Netherlands raised serious concerns about the
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susceptibility of this taxon to SARS-CoV-2 disease (Oreshkova
et al.,2020). Differently to what was reported in felids, in which
only mild disease in a low number of animals was observed, the
outbreak in Dutch minks presented cases of severe pneumonia,
mortality and a high number of infected animals.

This example raises concerns about possible spillover
between humans and these mustelids, since there are six genera
from the Mustelidae family in South America and more than
a dozen species of felids. With the current anthropogenic
disturbance of the habitats of these animals in Brazil, there is
arisk of infection of endangered species and spillover events
that could perpetuate SARS-CoV-2 in nature and allow new
mutations and possible new viral variants to occur as the virus
interacts with new hosts and is challenged with a different
immunological response (Ellwanger ez al., 2020). Moreover, the
high pressure of infection during the SARS-CoV-2 pandemic
may allow a putative permissive new host adaptation.

SARS-CoV-2 in aquatic environments

Human enteric viruses (which are non-enveloped
viruses) are known as the main pathogens that cause water-
borne diseases. Among the diseases, we could mention
gastrointestinal, conjunctivitis, respiratory symptoms and
viral hepatitis. On the other hand, enveloped viruses behave
differently in the aquatic environment. In general, these viruses
are not considered as a major threat to the wastewater and
water industries due to their supposedly low concentration and
high susceptibility to degradation in the aquatic environment.
However, several clinical reports show that certain enveloped
viruses are excreted in the faeces during infection (Wigginton
etal., 2015).

The transmission mode of SARS-CoV-2 occurs through
person-to-person contact through respiratory droplets,
sneezing, coughing, direct contact with an infected individual,
or indirect contact through fomites. Water transmission has
never been demonstrated in humans, but since SARS-CoV-2
was found in stool samples (Holshue ef al., 2020; Xiao et al.,
2020) the possibility of fecal-oral transmission needs to be
clarified. La Rosa ef al. (2020a) carried out a review work to
investigate publications on CoV in aquatic environments. The
authors mainly reported that: CoV appears to be inactivated
faster in water than non-enveloped human enteric viruses;
temperature is an important factor influencing viral survival
(the infectious viral titer decreases more quickly at 23 °C and
25 °C than at 4 °C), and so far, there is no evidence that CoV
is present in surface or groundwater or that it is transmitted
through contaminated drinking water.

According to the Centers for Disease Control and
Prevention (CDC), so far, SARS-CoV-2 has not been detected
in drinking water, since conventional water treatment methods
that use filtration and disinfection used in public drinking
water treatments are efficient on virus removal or inactivation.
Also, the CDC states that there is no evidence that the virus
can be transmitted to people through the water in swimming
pools, hot tubs or water playgrounds.

This is possible as long as adequate water disinfection
is performed, thus ensuring viral inactivation. It is worth
mentioning that everyone should follow state, local, territorial
or tribal guidance that might determine when and how public
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pools, hot tubs or water playgrounds may operate and might
include CDC considerations (CDC, 2020b).

In addition to the respiratory symptoms caused by
COVID-19, a varied percentage of patients (between 16%
and 73%) have reported diarrhea as an additional symptom.
Furthermore, recent studies show the presence of SARS-CoV-2
genetic material in patients’ stool samples (Holshue et al.,
2020; Xiao et al., 2020; Xu et al., 2020). Several studies in
many countries, such as Netherlands (Medema ef al., 2020),
United States (Wu et al., 2020), Australia (Ahmed et al.,
2020), France (Wurtzer et al., 2020) and Italy (La Rosa et al.,
2020b) have demonstrated the occurrence of SARS-CoV-2
in municipal wastewater.

Although no studies are showing SARS-CoV-2
transmission by wastewater, the increase in the viral circulation
in the population overloads municipal sewage systems. Thus, it
is worth highlighting the importance of viral monitoring in these
environments, so that it is possible to obtain information on the
risk for workers from the wastewater treatment plant and also
to monitor the circulation of SARS-CoV-2 in the community,
thus complementing clinical surveillance (Medema et al., 2020).

In Italy, La Rosa et al. (2020b) evaluated the presence of
SARS-CoV-2 RNA in 12 sewage samples collected between
February and April 2020 at the wastewater treatment plants in
Milan and Rome of high and low endemic circulation areas,
respectively. Overall, 6 of the 12 samples were positive, one
of which was obtained from Milan wastewater collected a few
days after the first Italian case of COVID-19. Medema et al.
(2020) conducted a study on sewage samples in seven cities
in the Netherlands using the RT-PCR method. No positive
SARS-CoV-2 samples were detected on February 6™, three
weeks before the first case was reported in the Netherlands,
on February 27", On the other hand, in general, between
March 5" and 16", positive samples were detected in six sites.

In France, Wurtzer et al. (2020) carried out a study on
samples collected from the wastewater treatment plant of the
Parisian area from March 5" to April 23", 2020 (including the
lockdown period since March 17%, 2020). They reported that
the increase of genome units in raw wastewaters accurately
followed the increase of human COVID-19 cases observed
at the regional level and that the viral genomes fragments (E
gene) could be detected before the beginning of the exponential
growth of the epidemic. The authors also claim that a marked
decrease in the quantities of genomes units was observed
concomitantly with the reduction in the number of new
COVID-19 cases as an expected consequence of the lockdown.

Many cities in Brazil do not receive proper sanitation
infrastructures nor have proper sewage treatment before it is
disposed of back into the watersheds, and several infectious
agents have been detected in water, which is a source of
microbial source tracking in different environments (Spilki et
al.,2013). Hence, SARS-CoV-2 detection in wastewater and
in watersheds may occur in Brazil, offering another source
to assess viral spread.

Conclusion

Brazil had around two months to prepare strategies to
face the COVID-19 pandemic, and considering the time and
the other countries’ examples that were affected first, it could

have had better results, which it did not happen. Brazil is a
developing country with a large social inequality and now,
besides a sanitary crisis, it is also facing a political crisis.
During the pandemic, two Health Ministers were withdrawn
from their position, and until now (June 26th, 2020) no other
Minister was appointed yet. As the country presents high
numbers of cases and deaths by COVID-19, it is still well
known that there is a large number of unreported cases.

Another problem is that while the number of positive
cases of COVID-19 increased, there was a decrease in social
distancing, an unusual event. Moreover, Brazil presents a
plethora of putative wild animal candidates to harbor a possible
spillover, including mainly bats, rodents, and mustelids. The
anthropogenic disturbance of wildlife habitats added to the
environmental contamination may be a potential risk factor
that must not be ignored. Reducing deforestation combined
with continuous evaluation of the betacoronaviruses circulation
on these species may be a potential prevention measure to
avoid new outbreaks with a zoonotic origin.
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