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ABSTRACT

Several studies on the pathophysiological and
epidemiological characteristics of SARS-CoV-2 indicate
the extracorporeal viability of the virus and the possibility
of faecal-oral transmission through contaminated natural
water and wastewater, suggesting a potential risk of
spreading in socially vulnerable areas, such as the
Brazilian Amazon, where access to sanitation and health
services is lacking. Thus, an attempt we made to outline
an overview of sanitation in the Brazilian Amazon and its
possible impacts on the most vulnerable populations and

on the health system in a pandemic situation, based on
bibliographic and documentary review and exploratory
analysis of data related to basic sanitation and health.
The Amazon has a huge deficit in sanitation and in the
structure of health services, especially in rural areas,
increasing the risk of spreading infectious diseases such
as COVID-19, whose progress has placed some of the
Amazonian states in a prominent position in the rankings
of incidence and mortality.
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AGUA, SANEAMENTO E A COVID-19 NA AMAZONIA

RESUMO

Diversos estudos  acerca das  caracteristicas
fisiopatoldégicas e epidemioldgicas do SARS-CoV-2
indicam a viabilidade extracorpdorea do virus e a
possibilidade de transmissdo fecal-oral, por &aguas
naturais e residuais contaminadas, sugerindo potencial
risco de propaga¢do em areas socialmente vulneraveis,
como a Amazdnia brasileira, onde o acesso aos servigos
de saneamento e de saude sdo deficitarios. Assim,
buscou-se tracar um panorama do saneamento na
Amazonia brasileira e seus possiveis impactos sobre as

populagdes mais vulnerdveis e sobre o sistema de saude
em situagdo de pandemia, com base em revisdo
bibliografica e documental e na analise exploratéria de
dados relativos ao saneamento bdsico e a saude. A
Amazonia apresenta um enorme deficit de saneamento e
de estrutura dos servigcos de saude, especialmente em
areas rurais, elevando o risco de disseminagdo de
doengas infecciosas como a COVID-19, cujo avango tem
colocado alguns dos estados amazOnicos em situagdo de
destaque nos rankings de incidéncia e mortalidade.

PALAVRAS-CHAVE: coronavirus, esgotamento sanitdrio, transmissdo, vulnerabilidade.
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1 INTRODUCTION

Environmental health is a condition for promoting public health, improving the population's
quality of life, preventing, and controlling infectious diseases. This aspect relates to access to basic
sanitation, that is, services, infrastructures and operational facilities for water supply, sewage
collection and treatment, urban cleaning and solid waste management, in addition to drainage and
management of urban rainwater.

The absence or insufficiency of sanitation services, especially with regard to the promotion
of drinking water supply and the collection and adequate treatment of sanitary sewers, directly
affects the health of the population, increasing the spread of viral, bacterial and parasitic diseases,
especially in urban and periurban areas, where these services are even more precarious or simply
non-existent. Contaminated excrement or wastewater that is discharged into deficient sanitation
systems or into natural water bodies can aggravate epidemiological situations.

According to Silva et al. (2019), approximately 25% of the world population does not have
access to adequate environmental and sanitary conditions, such as sanitation and housing services,
which puts them in a vulnerable situation in outbreak and epidemic scenarios. This is because
changes in the quality of water resources due to health problems immediately reflect the
progression of transmission in epidemiological occurrences of infectious diseases.

The specific legislation (Law No. 11,445/2007) and in the legal framework of related areas
(National Water Resources Policy — Law No. 9,433/1997; National Environment Policy — Law No.
6,938/1981; and Law No. 8,080/1990, which provides for the promotion, protection and recovery
of health and corresponding services) ensures universal access to sanitation services. Despite that,
the distribution of these services occurs in an unbalanced manner among the different regions of
Brazil (Pereira et al., 2020). In general, the Amazon region, which encompasses the entire North
region plus the state of Mato Grosso and part of Maranhdo, has unfavourable indicators as regards
water supply and access to sanitary and sewage infrastructure, when compared to other regions
from the country.

Regardless of the more comprehensive concept of basic sanitation provided for in the
legislation, for the purposes of this study, we would approach the components of water supply and
sanitary sewage. In addition to being an important indicator of a country's level of development,
sanitation is an indispensable aspect of health promotion, especially in reducing hospitalizations
and mortality from infectious diseases, notably those related to water and excreta.

Thus, this study aims to analyse the situation of access to drinking water supply and sewage
collection in the Amazon region, presenting an overview of basic sanitation in a pandemic scenario
of COVID-19 and the possible risk of transmission of the new coronavirus (SARS-CoV-2) through
contaminated natural water and wastewater.
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2 MATERIAL AND METHODS

This study starts initially from a literature review that, according to Gil (2008), makes use of
materials already published, mainly scientific articles. We also conducted an exploratory survey of
basic sanitation data from the National Continuous Household Sample Survey (in Portuguese:
PNAD Continua - Pesquisa Nacional por Amostra de Domicilio Continua), for the year 2019, carried
out by the Brazilian Institute of Geography and Statistics (in Portuguese: IBGE - Instituto Brasileiro
de Geografia e Estatistica, 2020c); and data on the health system and the advancement of COVID-
19 from the Ministry of Health (Brasil, 2020a; 2020b; 2020c).

The Continuous PNAD is an integrated household survey of data production by probabilistic
sampling carried out quarterly by Brazilian Institute of Geography and Statistics (IBGE), using the
household rotation scheme 1-2(5) in which there is an interview at home in one month and its
leaves the sample for two consecutive months, this sequence being repeated five times (IBGE,
2020a). The disclosure of cyclical information about trends and fluctuations in the workforce in
Brazil occurs quarterly. As for the indicators on the general characteristics of households and
residents, among which are those related to water supply and sewage, used in this study, their
disclosure occurs annually. According to the IBGE (2020a), PNAD Continua 2019 investigated
211,344 households each quarter, covering the entire national territory. This ensures greater
precision of the estimates, especially in states with less population density and in rural areas, which
are striking characteristics in regions such as the Amazon.

In the analysis of the situation of basic sanitation in the Amazon region, we used the
indicators: water supply and sewage, which deal with the source of the water used in the
households and the classification of the excreta drainage, respectively (IBGE, 2020a). The variables
used were the percentage distributions of residents in households, by main source of water supply
and by type of sanitary sewage.

We do not use sewage treatment indicators to illustrate the depletion scenario, as these
indicators do not actually reflect this component of sanitation, since they are calculated
considering the small portion of what is collected, as pointed out by National Water Agency (in
Portuguese: ANA - Agéncia Nacional de Aguas, 2017). Furthermore, the collection and availability
of data on sanitation in the Amazon is not an easy task. Santiago et al. (2019) affirm that the little
existing information is disperse among the various data generating entities. This reinforces the
importance of PNAD Continua as a data source for this region.

Despite other national sources of sanitation data, we chose to portray the sanitation
situation in the Amazon from PNAD Continua data. This is due to its (annual) periodicity and the
standardization of information research and statistical data analysis, since as Getulio Vargas
Foundation (in Portuguese: FGV - Fundacdo Getulio Vargas, 2018) points out the absence of these
elements would make it difficult to outline an adequate panorama of access to basic sanitation —
water supply and sanitation.
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3 RESULTS AND DISCUSSION

3.1 The COVID-19 pandemic — the virus and forms of contagion

The city of Wuhan, Hubei province, China, accumulated, on December 31, 2019, 27 cases
of pneumonia of unknown aetiology. Most frequently, patients had clinical symptoms such as dry
cough, dyspnoea, fever and bilateral pulmonary infiltrations. The causative agent was isolated and
identified on January 7, 2020, and called Serious Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) (Sohrabi et al., 2020).

Coronavirus disease 2019 (COVID-19), as it was called by the World Health Organization
(WHO), develops without major damage to the health of most individuals. However, some develop
fatal complications, including organ failure, septic shock, pulmonary oedema, severe pneumonia
and severe acute respiratory syndrome (SARS), especially those older patients and/or those with
comorbidities (cardiovascular, cerebrovascular, endocrine, digestive and respiratory diseases),
leading them to require intensive care (He et al., 2020).

With the exponential increase in the number of cases, the World Health Organization
declared, on January 30, 2020, the Chinese outbreak as a Public Health Emergency of International
Interest, with high risk for countries with vulnerable health systems. The WHO also indicated the
need to adopt measures for early detection, isolation and immediate treatment of patients, in
addition to strengthening health systems, combating misinformation and the economic impacts
caused by the virus (Velavan & Meyer, 2020). It is noteworthy that even countries with a strong
hospital structure, such as Spain, Italy, England and the United States, are facing immense
challenges to contain the impacts on the health system resulting from the progress of the disease,
with a large number of contaminated and dead in these countries.

The epidemic of the new coronavirus expanded from Wuhan to all of China and was
exported to almost all countries in the world, initially as imported cases and, later, passing to
sustained or community transmission (Lipsitch et al., 2020). On March 13, 2020, the WHO declared
the COVID-19 pandemic. As Rodriguez-Morales et al. (2020), Latin America remained free of
COVID-19 cases until February 25, 2020, when Brazil registered the first case, in the city of Sao
Paulo. Since then, cases have been progressively increasing and changing their distribution
dynamics across the country. Initially, with a concentration of cases in the Southeast and South
regions, with the advance of the disease in Brazil, the states of the North and Northeast regions
started to be among the first in the country in terms of COVID-19. On the 20th March 2020, the
Ministry of Health declared community transmission throughout the national territory.

With the growing number of studies on the pathophysiology characteristic of COVID-19, we
gradually come to know the mechanisms of the virus’s spread, although there are still many gaps
and the need for more robust studies. Consistently, we know that SARS-CoV-2 is a betacoronavirus,
belonging to the subfamily Coronavirinae, of the Coronaviridae family, like other known
coronaviruses. All of them are pleomorphic with simple RNA ribbon in a crown shape (He et al.,
2020; Sahin et al., 2020; Wu et al., 2020a). Until the outbreak of Severe Acute Respiratory
Syndrome, caused by SASR-CoV, in China between the years 2002 and 2003; and the Middle East
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Respiratory Syndrome, caused by MERS-CoV, in 2013, coronaviruses were not considered
pathogenic for humans (Sahin et al., 2020).

Transmission occurs mainly through respiratory fomites in contact with the mucous
membranes of the airways, mouth and eyes. After infection and replication inside the cells, SARS-
CoV-2 are released by exocytosis and can infect epithelial cells in the pulmonary alveoli, where
they stimulate the main symptoms, in addition to kidney, liver, intestinal cells and T lymphocytes
(He et al., 2020; Velavan & Meyer, 2020). Further to the immediate contact of the respiratory
droplets with the mucous membranes, in a direct transmission, contagion can also occur through
the contact of the hands with contaminated surfaces, which subsequently meet the face.

In this sense, studies such as Van Doremalen et al. (2020) have evaluated the stability of
SARS-CoV-2 in aerosols and surfaces (plastic, stainless steel, copper and cardboard). The results
showed that SARS-CoV-2 remained viable in aerosols for up to 3 hours (with a half-life of around
1.1to 1.2 hours). The new coronavirus was more stable in plastic and stainless steel than in copper
and cardboard, remaining viable on those surfaces for up to 72 hours (3 days). As for the other
surfaces, on copper, SARS-CoV-2 remained viable for up to 4 hours, while on cardboard, the
permanence was up to 24 hours.

According to Wang et al. (2020), several factors can influence the transmission by
coronavirus, including climatic conditions (such as temperature and humidity), population density
and quality of medical care. Therefore, understanding the relationship between the climate and
transmission of COVID-19 can help predict the intensity and duration of this pandemic. According
to the authors, indirect evidence showed that, until March 22, 2020, non-tropical countries with
low temperatures and low relative humidity recorded 90% of COVID-19 cases.

The study by Wang et al. (2020) however assessed the intensity of transmission in different
climatic conditions in a single country, China. Their conclusions assume that the high temperature
and the high relative humidity of the air reduce the transmission of COVID-19, similar to what
occurs with other respiratory viruses, such as influenza. In addition to the direct effect of climatic
factors on the physiology of the virus, the authors also indicate the possibility of weakening host
immunity in colder and drier climates, making them more susceptible to infection, as an alternative
mechanism for increasing the transmission of COVID-19 in these regions.

In contrast, a survey by Harmooshi et al. (2020) points out divergences between the several
studies that have been developed in this regard, some corroborating what Wang et al. (2020),
others warning about the greater resistance of SARS-CoV-2 in an environment with high
temperature and humidity, than other coated viruses. Anyway, so far, there is no direct evidence
of the influence of temperature and humidity on the transmission of the new coronavirus. The fact
is that neither the high temperatures of the Brazilian Northeast nor the heat associated with high
relative humidity in the Amazon have prevented the advance of SARS-CoV-2, placing the States of
Amazonas, Amap4d, Acre, Roraima and Maranhdo among those with higher COVID-19 incidence
and mortality rates in Brazil (Figures 1 and 2, respectively).

Barrozo et al. (2020), through the Monitora-Clusters Project, whose objective is to monitor
the high-risk active spatial and space-time clusters in the national territory during the course of the
epidemic, as a powerful tool in helping to make health structure management decision-making ,
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identified clusters at high risk of death, including the states of Amazonas and Maranhao. As of April
22, the North Region emerged as the new and most significant grouping of cases and deaths,
corroborating the Amazon region as an important focus for the dissemination of COVID-19. The
studies by Franga (2020), Gois et al. (2020), Ribeiro et al. (2020) and Rodrigues and Rodrigues

(2020) also indicate the high risks of incidence and mortality in the North Region of Brazil.
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Figure 1: Incidence coeficiente for COVID-19 — Brazil (June 15, 2020).

Source: Own elaboration based on the analysis of Ministry of Health data (Brasil, 2020c).
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Figure 2: Mortality coefficient for COVID-19 — Brazil (June 15, 2020).

Source: Own elaboration based on the analysis of Ministry of Health data (Brasil, 2020c).

Respiratory viruses are usually more contagious when a patient is symptomatic (Sahin et
al., 2020). However, the most recent studies (He et al., 2020; Lipsitch et al., 2020; Rothe et al.,
2020; Wu et al., 2020a) point out that the transmission of SARS-CoV-2 may be occurring during the
COVID-19 asymptomatic incubation period, estimated between 2 and 10 days. Thus, in addition to
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hand and environment hygiene, measures of social distance and isolation of those symptomatic
patients have gained emphasis, as well as the use of personal protective equipment (PPE), such as
masks (Wu et al., 2020a). Despite the impact of these measures on the population's social and
economic well-being, they are justified, since young people are important sources of transmission
(Lipsitch et al., 2020).

For Rodriguez-Morales et al. (2020), despite all these coordinated measures, which have
been widely adopted in the most diverse countries, on all continents, in regions with a low Human
Development Index (HDI), the outbreak of COVID-19 may be even more devastating than in
developed countries, such as the United States and European countries. And here, it should be
noted that, although Brazil has a high HDI (0.727), in the North region, which corresponds to most
of the territory of the Brazilian Amazon, according to data from the Atlas of Human Development
in Brazil 2013, 65.7% municipalities have low or very low HDI (Ipea, 2013).

These data indicate among other things an inefficiency of social development policies, and
even if efforts to prepare for coping with COVID-19 are required, their health systems are not
sufficiently prepared. These systems can be overwhelming due to the common outbreaks of
vector-borne diseases and water-related and excreta-related illnesses, reflecting the lack of
sanitation (Rodrigez-Morales et al., 2020). In this context, the simple possibility of transmission of
COVID-19 by contaminated natural water and wastewater raises major concerns.

3.2 Possibility of transmission by contaminated water and sewage

The number of studies that indicate the stable permanence of SARS-CoV-2 in the feces and
urine of COVID-19 patients is increasing, even when the virus is no longer detected in the
respiratory tract, suggesting the possibility of transmission by contaminated human excrement.
Repici et al. (2020) observed the viability of the new coronavirus for up to two days. Wu et al.
(2020b), registered positive results for SARS-CoV-2 in stool samples for eleven days (on mean) after
patient discharge. There was a positive correlation of these numbers with the existence of
gastrointestinal symptoms, however there was no connection with the severity of the patients’
condition, that is even individuals with mild or even asymptomatic symptoms can be sources of
infection (Gu et al., 2020; Wang et al., 2020; Yeo et al., 2020).

These results and information on the viability of other coronaviruses (e.g., SARS-CoV and
MERS-CoV) in the environment have led to the development of research that evaluates the viability
of the COVID-19 virus in natural and wastewater, such as those published by Gormley et al. (2020),
Holshue et al. (2020), Husman and Lodder (2020), Meng et al. (2020), Naddeo and Liu (2020), which
can represent a risk to the health of populations, especially in areas with poor or non-existent
sanitation conditions (Husman & Lodder, 2020; Yeo et al., 2020). The risk does not exist only in
direct contact with these contaminated waters or sewers. According to Meng et al. (2020),
transmission can also occur through aerosols generated by the discharge of these materials in
sanitary pipes or by their dumping and handling.

Overall, drinking water supply systems offer protection against infectious diseases,
including COVID-19 (Husman & Lodder, 2020). According to the WHO (2020), there is no evidence
of transmission of the new coronavirus through drinking water, distributed through the supply
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systems. However, in realities such as the Amazon, where a significant portion of the population
does not have access to the drinking water supply service and directly uses natural (untreated)
water, as will be seen in more detail below, the vulnerability to transmission COVID-19 should be
considered and monitored.

This scenario of deficit in sanitation services is even more alarming when considering the
collection and treatment of sewage and solid waste. As stated by Husman and Lodder (2020), Meng
et al. (2020) and Yeo et al., 2020, the contamination of water by sewage from sick individuals can
work as an important transmission route for COVID-19. The presence of SARS-CoV-2 viral load in
these environments can increase considerably, due to the pandemic state to which we are
currently subjected and, consequently, to the implementation of temporary health equipment
(field hospitals), since even the permanent services, mostly in Latin America, do not have
wastewater treatment plants (ITB, 2020).

According to the WHO (2020), there is still no evidence of the viability of SARS-CoV-2 in
surface or underground sources of freshwater, although Husman and Lodder (2020) recorded the
survival of this virus in taps with non-chlorinated water in Holland hospitals. Viruses that cause
other infectious diseases related to water and excreta, such as hepatitis A, for example, can survive
for up to ten weeks depending on environmental conditions (Husman & Lodder, 2020). The
degradation of the quality of natural waters resulting from the absence or precariousness of
sewage collection and treatment services impacts the uses downstream of the sources of
contamination (supply, bathing, irrigation, among others) and the health of the population. Despite
the low risk of contagion of COVID-19 through sewage systems, it is necessary to consider it,
especially in Brazil, where the disinfection of the portion of the sewage that is treated has not been
performed since it is not required (ITB, 2020).

Nascimento (2020) addresses another concern: the risk of contamination of groundwater
in areas close to cemeteries where the corpses of those killed as a result of COVID-19 are buried.
As the author argues, the new coronavirus remains active for days in the body, even after death,
which is why there are a series of recommendations from the Ministry of Health to be followed by
funeral professionals and families, for the burial of these people. In this sense, since there is already
a record of microbiological contamination of groundwater due to necro-leachate, the risk is also
assumed for SARS-CoV-2 (Nascimento, 2020).

The progressive increase in the number of deaths in areas with a deficit in sanitation
services raises this risk. The Amazon region presents, in addition to inadequate basic sanitation
conditions, yet another factor of aggravation in these situations that is the shallow depth of the
mean water table level (Brito et al., 2020). Despite facilitating the capture, this aspect contributes
to the contamination of these waters (Franco & Arcos, 2020). It is important to understand that
although there is great surface water availability, underground sources play an important role in
supplying Amazonian populations, especially those not served by drinking water supply services
(Brito et al., 2020).

If on one side the circulation of SARS-CoV-2 in waste and natural waters (recipients of raw
or treated sewage) represents a health risk; on other side, the monitoring of these environments,
at strategic points, can serve as a surveillance system, indicating the circulation of the virus in areas
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without record of cases, as already applied to other viruses (Lodder et al., 2013; Husman & Lodder,
2020). This evidence may be based on precautionary measures, such as those published by the
WHO (2020), and to combat COVID-19 including the mapping and signaling of inappropriate places,
to avoid consumptive or non-consumptive uses of primary contact — recreation.

In this perspective, the ANA and the National Institute of Science and Technology in
Sustainable Sewage Treatment Plants (in Portuguese: INCT ETEs Sustentaveis - Instituto Nacional
de Ciéncia e Tecnologia em Estagdes Sustentdveis de Tratamento de Esgoto), in partnership with
other government institutions, have been monitoring sewage in the cities of Belo Horizonte and
Contagem, through the Monitoramento Covid Esgostos pilot project. The initial results of this
monitoring showed the presence of SARS-CoV-2 in 59.7% of the samples collected in the first six
weeks, but as of the eleventh week, all monitored sites tested positive for the new coronavirus
(INCT ETEs Sustentaveis, 2020a; 2020b). It was also found that the increase in the number of
contaminations was compatible with the increase in the percentages of positive samples per sub-
basin, as well as the reverse, the reduction of infections in the sub-basins where the number of
contaminated samples regressed. As expected, it is possible to understand the prevalence and
dynamics of circulation of the new coronavirus in the region, and build models that assist in the
establishment of trends of spread of the disease, subsidizing the definition of strategies for coping.

3.3 Overview of basic sanitation in the Amazon

Despite advances in regional development in the Amazon, Silva (2015) emphasizes that
State actions in this regard have lost importance, especially in the last decade. As a result, it began
to adopt planning based on regionalized public policies (e.g., Sustainable Amazon Plan). However,
the heterogeneity of the Amazonian space requires proposals for socioeconomic development and
improvement of the population's quality of life based on multiscale, multidimensional and
transversal perspectives (Mourdo & Silva, 2018).

According to data from the Regional Development Plan for the Amazon (in Portuguese:
PRDA - Plano Regional de Desenvolvimento da Amazo6nia) 2020-2023, the Brazilian Amazon covers
5.1 million km?, which corresponds to 59.1% of the national territory, where more than 28 million
people live, of which 72% in urban areas. In addition to the thousands of riverside communities,
the region is also home to 180 native peoples with an estimated population of 306,000 indigenous
people; and 1,206 remaining quilombo communities (IBGE, 2020b; SUDAM, 2020). The vast
territory and low population density increase the development challenges, resulting in poor
infrastructure and high social vulnerability of the populations (Portugal & Silva, 2018).

This vulnerability is evident, for example, when it comes to sanitation. References to the
Amazon usually exalt water abundance in addition to forests. What most Brazilians are unaware
of or neglect is that a large portion of the Amazonians does not have access to basic sanitation
services. According to data from the PNAD Continua 2019 (Table 1), while the mean number of
residents supplied by the general drinking water distribution network in Brazil is 78.9%, in the
Amazon, this index is only 65.9% (IBGE, 2020c). The 34.1% deficit in the provision of public drinking
water services is supplied through deep or shallow wells (28.9%), springs (2.7%) and other sources
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(2, 4%), such as rainwater, rivers and streams, lakes, weirs and water trucks (IBGE, 2020c), without
any control or guarantee of the quality and potability of this water.

Franca (2020) and Rodrigues and Rodrigues (2020) analyzing the health and epidemiological
profile of the Paraense Amazon, also based on data from IBGE, Institute of Applied Economic
Research (in Portuguese: Ipea - Instituto de Pesquisa Econdmica Aplicada), Trata Brasil Institute
and health agencies, found the importance of the universalization of water supply services for
coping with COVID-19. They concluded that both Para and the North Region are well below the
national average in relation to the percentage of the population with access to drinking water
supply. Tavares and Franca (2020), strictly analyzing the situation in the capital Belém, observed
that although 75.2% of households have access to the public drinking water supply network, the
water supply is not daily. Because of this, these populations resort to unsafe water sources (e.g.
wells, rainwater) during intermittent periods, as do those who do not have access to the public
network. The irregular supply of potable water and the recurrent use of raw water make it difficult
to adhere to simple hygiene recommendations (Ribeiro et al., 2020; Tavares & Franga, 2020).

Table 1: Percentage distribution of residents in households by main source of water supply in the Amazon - 2019.

Distribution by main source of water supply (%)

Locality I\?eetr\\/\z?L Deep Well Sl:lfllelzcl)lw Source Others
Acre 54.6 15.9 18.8 6.9 3.9
Amapa 54.3 30.0 11.0 0.5 4.3
Amazonas 72.2 14.0 2.5 54 5.9
Maranhdo 69.2 20.1 8.2 1.2 1.3
Mato Grosso 80.5 11.5 5.6 1.7 0.6
Para 49.3 28.3 15.3 1.9 5.2
Rondo6nia 44.5 19.2 33.7 2.5 0.1
Roraima 86.6 34 9.2 0.5 0.3
Tocantins 81.9 6.4 7.3 4.1 0.3
Amazon (Mean) 65.9 16.5 12.4 2.7 2.4
Brazil (Mean) 78.9 10.0 5.9 2.2 3.0

Source: Continuous National Household Sample Survey (PNAD Continua, in Portuguese) (IBGE, 2020c).

The data related to sanitary sewage are even more alarming, as shown in Table 2. In Brazil,
the mean number of residents with sewers connected to the general sewage system is 49.8%. In
the Amazon, this average is only 29.8%. The most significant portion of the residents (70.2%) have
no connection to the sewage collection network, with their excreta drained to septic tanks (42.1%)
or, in the worst situation, to ditches, rudimentary pits, water bodies and other forms of drains, as
do 28.1% of these residents (IBGE, 2020c). The studies by Gois et al. (2020), Rodrigues and
Rodrigues (2020) and Tavares and Franga (2020) corroborate our results.

Table 2: Percentage distribution of residents in households by type of sewerage in the Amazon - 2019.

Distribution by type of sewerage (%)

Localit General Septic tank Septic tank
¥ connected to the disconnected to the Others
Network
general network general network
Acre 35.9 2.7 22.2 39.2
Amapa 12.1 5.3 51.1 31.5
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Distribution by type of sewerage (%)

Locality General Septic tank Septic tank

connected to the disconnected to the Others

Network

general network general network
Amazonas 34.5 9.1 27.2 29.2
Maranhdo 16.7 5.3 52.5 25.5
Mato Grosso 31.0 7.8 49.8 11.3
Pard 115 6.4 50.1 32.0
Rondonia 7.4 8.3 57.5 26.8
Roraima 28.4 9.4 34.4 27.7
Tocantins 26.0 10.1 33.7 30.1
Amazon (Mean) 22.6 7.2 42.1 28.1
Brazil (Mean) 43.2 6.6 30.2 19.9

Source: Continuous National Household Sample Survey (PNAD Continua, in Portuguese) (IBGE, 2020c).

According to Varela et al. (2020), despite the greater percentage of the population with
access to the general drinking water distribution network, the health risks of those who do not
have this service increases, due to the lack of access to sewage collection and treatment services,
already that sanitary effluents end up coming into direct or indirect contact with surface or
underground waters that are used for supply. In other words, favouring one or the other
component of basic sanitation does not efficiently result in improving the quality of the
population's health. There must be a balance in access to all services that make up basic sanitation.
In this same sense, Jardim and Buckeridge (2020) also point out that the promotion of public
policies that address only one of the factors will not solve the high vulnerability to events of this
magnitude, being necessary strategies must contemplate different degrees of influence and
different factors, simultaneously.

Portugal and Silva (2018) attribute this panorama to the lack of investments in sanitation
infrastructure adequate to the local reality, in view of its high cost and the possibility of using the
dense hydrographic network that crosses the Amazonian cities, as a receiver and purifier of the
tailings sanitary, and the direct capture of surface and groundwater. To illustrate this lack of
investments to which the authors refer, we use information from the National Sanitation
Information System (in Portuguese: SNIS - Sistema Nacional de Informacdes sobre Saneamento),
whose data indicate that of the ten States with the lowest volume of investments in water and
sewage services, between 2016 and 2018 , seven integrate the Amazon (Acre, Amazonas, Amap3,
Para, Rondonia, Roraima and Tocantins) (Brasil, 2019). Together, these States account for only
5.9% of total investments in the country; that is less than 1% each. This, even considering that
some of these states had an increase of more than 50% and others doubled the values of
investments in 2018 compared to data from 2017. The states of Rondénia and Roraima however
had reductions of -51% and -21.2% in this comparison, respectively (Brasil, 2019).

In the case of rural areas in the Amazon, most households use different sources of water
unrelated to the general public supply network. According to IBGE (2017), in the North Region only
17.67% of rural households were connected to the water distribution network, while 82.3% were
supplied by other sources that also characterize situations of deficit, due to the no guarantee of
quality and health safety, as ponders Lob3do (2019). According to Melo et al. (2020), 33% of rural
populations do not have access to potable water supply and use other unsafe sources. The
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consumption or contact with raw water can become a privileged vehicle for the transmission of
infectious diseases, especially in regions with lower socioeconomic development.

Regarding exhaustion, according to Neu et al. (2016), the largest portion of the rural
Amazonian population still uses rudimentary cesspools, ditches and riverside areas, the rivers
themselves as receptors for household sewage. The isolation and dispersion of these communities
makes it difficult to implement general sewage collection and treatment networks. In addition to
the topographically unfavorable location, as they are very low, riverside residences are still subject
to the flood pulses of the rivers, which can compromise the construction of possible sanitary
structures or even lead to the overflow of their content, as Tavares and Franga (2020) also suggest.
This absence or inadequacy of basic sanitary infrastructure exacerbates the risks of fecal-oral
contamination, responsible for the high rates of infectious disease among these populations (Neu
et al., 2016; Le Tourneau et al., 2019).

When we evaluate the relationship between the participation of Brazilian macro-regions in
terms of investments and lack of access to water supply and sewage, between 2014 and 2018, the
North region that comprises more than 75% of the territory of the Amazon, in Brazil, presents
extreme situation for both services. The deficit in water supply is 7.8 times greater than the
investment. With regard to sewage, the deficit exceeds investments by 380% (Brasil, 2019). Franca
(2020) reported a similar drop in investments in sanitation over the past ten years. She asserts this
increases interregional disparities and inequalities and makes the North Region vulnerable in
situations of epidemiological crises, such as that of COVID-19, and contributes significantly to the
high incidence and mortality from SARS-CoV-2 infection in the region.

The precariousness of basic sanitation in the Amazon can inhibit or lead to the
underdevelopment of important economic activities, especially those that depend on good
environmental conditions, such as tourism whose potential is underutilized in some areas, due to
this situation of sanitation deficit (SUDAM, 2020). However, it should be considered that actions
to improve these services in the Amazon are challenging. According to Portugal (2018), the urban
models applicable to most Brazilian cities, where natural coverage is increasingly smaller and the
modal of transport is basically land based, it does not suit the largest tropical forest on the planet.
For the Amazonian reality, it is necessary to think about alternative and low-cost solutions that
connect urban and natural spaces, mixing terrestrial and aquatic mobility alternatives, as proposed
by Neu et al. (2016).

Promoting access to sanitation services is closely linked to public health. The lack or
inefficiency of basic aspects of sanitation exposes these populations to the most diverse infectious
diseases, with an aggravation for those communities that live on the banks of contaminated rivers
and streams, a common situation in Amazonian cities (SUDAM, 2020). According to data from the
Ministry of Health, the states of the Amazon registered in 2018 a mean of 9,673 hospitalizations
due to diseases associated with poor sanitation and a total of 322 deaths due to infectious
gastrointestinal diseases (Table 3), the equivalent of 14, 8% of national occurrences (Brasil, 2020b).
These data, which already stand out under normal circumstances, raise even more concern in the
current pandemic scenario of COVID-19, in which there is evidence of the possibility of viral
transmission through contaminated water and sewage, as previously discussed.
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In this perspective, the effort required by health systems worldwide by COVID-19 must be
even greater in the Amazon. The high incidence of neglected tropical diseases (NTDs), such as
malaria, Chagas disease, yellow fever, dengue, Zika and Chikungunya, as well as diseases related
to water and excreta, of bacterial, helminth and viral origin, already demand attention largest
health service in the region (SUDAM, 2020). The overload caused by the new coronavirus pandemic
makes the health situation in the states of the Amazon even more disturbing. To get an idea of the
situation, the data from May 2020 (Table 3) from the Ministry of Health indicate that the Amazon
has 54,045 hospital beds which is equivalent to a mean of 1.89 beds for every 1,000 inhabitants
(Brasil, 2020a). It should be noted that this amount is already the result of actions by states and
municipalities to increase the availability of beds, such as the implementation of field hospitals.

Table 3: Panel on the number of hospitalizations for diseases* associated with lack of sanitation and the number
of deaths due to infectious gastrointestinal waterborne diseases (2018); and hospital beds (May 2020).

. e Beds 1000
Locality Hospitalizations Deaths Total Beds inhab.-1
Acre 1,257 09 1,559 1.77
Amapa 875 08 1,316 1.56
Amazonas 3,782 30 6,074 1.48
Maranhao 42,188 91 14,481 2.05
Mato Grosso 3,955 24 7,106 2.14
Pard 28,348 104 14,614 1.70
Rondonia 3,910 22 4,354 2.45
Roraima 1,051 21 1,515 2.50
Tocantins 1,692 13 3,026 2.08
Amazon (Total) 87,058 322 54,045 1.89
Amazon (Mean) 9,673 36 - -

*Infectious gastrointestinal diseases (cholera, typhoid and paratyphoid fevers, shiguelose, amebiasis,
diarrhea and gastroenteritis of presumable infectious origin and other intestinal infections), yellow fever,
dengue, leptospirosis, malaria and schistosomiasis.

Source: Own elaboration based on the analysis of Ministry of Health data (Brasil, 2020a; 2020b).

When dealing with the Amazon, it is necessary to draw attention to the fact that these
hospital beds are located in urban areas and concentrated in large urban centers (capitals and
metropolitan regions), as rebounded by Guimardes et al. (2020) and Rodrigues and Rodrigues
(2020). These authors recall that historically rural populations have not had favorable conditions
for access to sanitation and health. In the case of Amazonian traditional populations (indigenous,
guilombolas, agroextractive and riverside), logistical difficulties in accessing health services, such
as the duration of trips by river (four hours on mean) and the costs of traveling, lodging and food
increase the possibility of worsening health conditions and increase inequality in access to health
in this region that is already very disadvantaged (Guimaraes et al., 2020; Rodrigues & Rodrigues,
2020).

According to the evaluation by Ribeiro et al. (2020), even in metropolitan cities in the North
Region, hospitalized patients are at a higher risk of dying from COVID-19, compared to other
regions of the country. Both the North and the Northeast regions have weaknesses in
epidemiological and intensive care services, especially regarding the availability of beds and
mechanical ventilation equipment, and the growing number of cases has caused cities in these
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regions to collapse in the health system, having Manaus as one of the worst examples (Ribeiro et
al., 2020).

Thus, Naddeo and Liu (2020) affirm that developing regions are more vulnerable to the new
coronavirus (SARS-CoV-2), not only due to the greater risk of contact with contaminated water,
owing to the deficiency of drinking water supply systems and sanitation, but also because there is
not enough investment in public health. These authors clarify that the globalization process
essential to the development of nations likewise subjects them to new health risks, especially
considering the expansion of mobility between countries with the free movement and free trade
agreements. Therefore, developed nations should be responsible for providing economic and
technological support to developing countries to improve sanitation systems as a means of self-
protection. In this way, the creation of an international fund for basic sanitation would be a very
reasonable alternative, like other funds aimed at promoting sustainable development.

3.4 Risks of basic sanitation deficit in a pandemic scenario

Until further studies are completed or carried out on the rich potential of exposure to
wastewater and recipients natural waters in the transmission of COVID-19, additional preventive
measures must be strongly considered. As seen before, these possible transmission routes can be
especially problematic in areas with inadequate sanitation and limited access to drinking water
(Yeo et al., 2020). Aware of the risks, WHO has issued a series of practical care guidelines that go
beyond social distancing (or isolation) and hand hygiene from domestic and hospital environments,
measures for the collection, management and treatment of urban and rural sewage (WHO, 2020),
in order to expand the fight against COVID-19, especially in the most vulnerable regions. These
recommendations are being updated as knowledge about SARS-CoV-2 increases. Understanding
the possible dissemination mechanisms can help to guide or adapt prevention actions.

Nevertheless, it should be noted that even the simplest hygiene measures basically require
water and sewage, resources not available to the most socially vulnerable populations. According
to Coelho et al. (2020), these populations are represented by regions that mix urban and rural
populations with less infrastructure, such as most cities in the Northeast and the capital of the
State of Amazonas, Manaus; rural areas of the northeastern Caatinga, where access to water and
sewage services is precarious; and, in the worst situation of vulnerability, by the predominantly
rural regions of the Amazon, where access to treated water and sewage collection are deficient.
These areas are expected to suffer above average if preventive actions are not adopted quickly.
This is because the spread of the disease would burden the difficulties that are already common
for these populations (Coelho et al., 2020).

According to the classification proposed by Coelho et al. (2020) and with the statements of
ANA (2017), Le Tourneau et al. (2019) and Pantojo et al. (2019), the Amazon is among the most
vulnerable regions due to the deficit of essential services to improve health conditions and quality
of life, such as drinking water supply and sanitation. This ranking, however, shows that not only
inland cities have sanitation problems, but also capital cities, like Manaus (Coelho et al., 2020;
Ribeiro et al., 2020).
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Macedo et al. (2020) emphasize that support and investment in public policies aimed at
improving basic sanitation conditions in communities are essential to support health systems, to
fight infectious diseases, and to reduce mortality. It is necessary to rethink and prioritize actions to
strengthen the infrastructures for drinking water supply and sewage collection and treatment in
these subalternized areas. These actions are a minimum condition for all citizens are entitled to,
even more so in the view of the COVID-19 pandemic scenario. They are strategic in combating
SARS-CoV-2, especially if the research advances demonstrate in a more substantial way the risk of
transmission through contaminated water and sewage.

It is noteworthy that the lack of basic sanitation in cities and rural regions in the Amazon
can increase the circulation of SARS-CoV-2 in the precarious surface and underground water supply
systems, establishing the need for continuous monitoring of this pathogen in these environments,
in order to predict and minimize future outbreaks of COVID-19. Barrozo et al. (2020), Franca (2020),
Gois et al. (2020), Ribeiro et al. (2020), Rodrigues and Rodrigues (2020) and Tavares and Franca
(2020) were unanimous in concluding about the direct relationship between the greatest
socioeconomic and environmental vulnerability in the Brazilian Amazon, especially in the North
Region of Brazil, with the highest incidence and mortality from COVID-19 recorded in the
respective study periods. Socio-spatial discrepancies within and between regions exacerbate the
risks of contagion and death in the current pandemic scenario.

4 CONCLUSIONS

As seen, several studies have been developed aiming to understand the pathophysiological
and epidemiological behavior of SARS-CoV-2, which causes COVID-19, in an attempt to combat the
advance of the pandemic. Some of these researches already demonstrate the viability of the new
coronavirus in feces and urine of infected patients, even after the disappearance of symptoms and
the non-detection of the virus in the respiratory tract that may indicate the possibility of fecal-oral
transmission through contaminated water and sewage.

The risk of transmission by asymptomatic infections coupled with these indications raises
concern about the potential spread of COVID-19, especially in socioeconomically more vulnerable
areas, where basic sanitation services are precarious or non-existent, as in the Amazon, as
evidenced by the data discussed throughout this study. However, we need to see the possibilities
of coping that present in these circumstances. Research has proposed the monitoring of natural
water and wastewater at strategic points in order to track the circulation of SARS-CoV-2 in
communities without a case record, and to adopt (in positive cases) brief measures to restrict the
movement of the local population, reducing the spread of the pathogen and minimizing the impact
on health systems. The results of the Monitoramento Covid Esgotos project demonstrate the
effectiveness of this application (INCT ETEs Sustentdveis, 2020b).

For this purpose, rapid wastewater testing methods are being proposed, such as the one
developed by Mao et al. (2020). These methods are based on effective experiments used to screen
for other pathogens. It is also essential that specialists in the environmental, sanitary,
microbiological, health and public policy areas develop multidisciplinary and practical solutions
that guarantee the safety of drinking water supply and wastewater treatment systems. This
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consequently will ensure the quality of natural aquatic environments, according to the
heterogeneity of the country’s regions. And more emphatically, it is necessary that these
propositions have the necessary economic and political support to be implemented.
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