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ABSTRACT

Introduction: The COVID-19 is caused by the novel coronavirus (SARS-CoV-2), and it’s main
route of transmission is respiratory. However, recent studies have found genetic material
of SARS-CoV-2 in feces of infected individuals and in sanitary sewage samples, pointing to
new challenges. Objective: Synthesize the evidences on the presence of SARS-CoV-2 in
human waste and in sewage, discussing possibilities of alternative transmission routes of
COVID-19. Method: This is a narrative review, conducted in May 2020, in the platforms
Web of Science, CAPES Publications Portal, Scopus and the Virtual Health Library,
considering texts in any language. To date, few studies have reported the presence of
SARS-CoV-2 in feces, urine and sanitary sewage. Results: However, the findings indicate
the importance of including this theme in discussions in the current context of the
pandemic. In Brazil, given the inability of mass testing, added to underreporting and
the existence of asymptomatic cases, it’s important to consider alternatives that allow
the collective diagnosis to direct actions in regions with higher risk of contagion and
circulation of SARS-CoV-2. In this sense, the monitoring of sewage can be an alternative,
also presenting economic relevance because it requires less expenditure of public money
when compared to other measures - biochemical and molecular tests or other hard
technologies. Conclusions: Even though this article does not exhaust the discussion of the
theme, it advances by bringing data that can be added to the existing information on the
forms of dispersion of SARS-CoV-2 in the environment.

KEYWORDS: SARS-CoV-2; COVID-19; Sanitary Sewage System; Sewage System Monitoring;
Public Health Surveillance

RESUMO

Introdugdo: A COVID-19 é causada pelo novo coronavirus (SARS-CoV-2), tendo como
principal via de transmissao a respiratdria. Contudo, estudos recentes encontraram
material genético do SARS-CoV-2 em fezes de individuos infectados e amostras de
esgotos sanitarios, apontando novos desafios. Objetivo: Sintetizar as evidéncias sobre
a presenca do SARS-CoV-2 em dejetos humanos e esgotos, discutindo possibilidades
de vias de transmissdao alternativas da COVID-19. Método: Trata-se de uma revisao
narrativa, conduzida em maio de 2020, nas bases Web of Science, Portal de Periodicos
da CAPES, Scopus e na Biblioteca Virtual em Salde, considerando textos em qualquer
idioma. Resultados: Até a data das buscas, poucos estudos reportaram a presenca do
SARS-CoV-2 nas fezes e nos esgotos sanitarios. Todavia, os achados sinalizam a importancia
de incluir esta tematica nas discussdes no atual contexto de pandemia. No Brasil, dada
a incapacidade da testagem em massa, somada as subnotificacdes e existéncia de casos
assintomaticos, torna-se importante cogitar alternativas que permitam diagnostico
coletivo para direcionar acoes em regides com maior risco de contagio e circulacdo do
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SARS-CoV-2. Assim, o monitoramento dos esgotos pode ser uma alternativa, apresentando, também, relevancia econdmica por requerer
menos dispéndio de dinheiro pablico quando comparado a outras medidas - testes bioquimicos e moleculares ou outras tecnologias
duras. Apesar das dificuldades relativas ao saneamento no Brasil, os esgotos podem ser mais uma ferramenta capaz de contribuir
nas vigilancias sanitaria, ambiental e epidemiologica da COVID-19. Conclusdes: Reconhece-se que este artigo nao esgota a discussao
da tematica, mas avanca por trazer dados que podem ser somados as informacdes ja existentes sobre as formas de dispersdo do
SARS-CoV-2 no ambiente.

PALAVRAS-CHAVE: SARS-CoV-2; COVID-19; Sistema de Esgotamento Sanitario; Monitoramento do Sistema de Esgoto; Vigilancia em Salde Publica

INTRODUCTION

COVID-19 (Coronavirus Disease 2019) is an infectious disease
whose causative agent is the coronavirus called SARS-CoV-2'2.
Because the virus was recently discovered, the scientific com-
munity has been making efforts to generate knowledge that will
promote both the prevention and fight against the disease and
the promotion of discussions on the social, economic, and polit-
ical impacts of the pandemic worldwide?345.

Scientific studies have pointed out that the transmission of
COVID-19 between humans occurs mainly through the respiratory
tract, through droplets expelled by the infected person when
they cough or sneeze, and through the contact of the healthy
individual with contaminated surfaces and objects, in which the
virus may remain viable for a period, depending on the composi-
tion of the material and/or surface’-2¢.

However, in recent weeks, some national and international
studies have been released presenting as results the presence
of genetic material from the novel coronavirus in the feces of
infected individuals (with or without symptoms)”#°, in a urine
sample', and sanitary sewage samples'"'%'314 Thus, these stud-
ies highlight new challenges that need to be recognized and
faced by countries.

Even though, until now, the World Health Organization (WHO)
has declared that the fecal-oral route is not one of the main
ones in the dissemination of COVID-19'5, it becomes relevant,
through the Precautionary Principle', to discuss the possi-
bility of this path amid of the most serious pandemic of the
century. Regarding the Precautionary Principle'®'’, due to the
fact that the consequences or reflexes of certain acts are not
fully known in the environment, space, and time, necessary
measures to avoid future damage (risks) to the environment
and health must be adopted. Actions that mitigate possible
negative impacts can be taken before a causal link has been
established scientifically, this being a determination of the
Precautionary Principle'®'. Thus, actions to monitor sanitary
sewage systems would be important in order to join forces in
surveillance mechanisms, especially in countries where cases
have been increasing rapidly, such as Brazil.

Thus, in this article, the aim was to synthesize the available evi-
dence on the presence of the novel coronavirus in human waste
(feces and urine) and sanitary sewers, discussing the possibilities
of alternative transmission routes for COVID-19.

http://www.visaemdebate.incgs.fiocruz.br/

METHOD

This is a narrative review of the literature, based on already
established and scientifically accepted protocols™. In the first
week of May 2020, searches were conducted in the Web of Sci-
ence, Portal de Periddicos da Coordenacdo de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES), Scorpus, and in those
indexed by the Virtual Health Library (VHL) databases, as
well as repositories of Teaching and Research Institutions
in Brazil. The terms used were: “COVID-19”; “SARS-CoV-2”;
“Sanitary Sewage System”; “Sewage”’;
“Sewage Coronavirus”; “Wastewater Coronavirus”; “Sewage
COVID-19”; “Wastewater COVID-19”; with the assistance of
the Boolean operator “AND”.

“Wastewater”;

The inclusion criteria were original articles, editorials, tech-
nical notes, literature reviews and/or comments; in different
languages; available in full electronically; published between
December 2019 and May 5, 2020 (the date the searches were
conducted). The strategy of consulting the citations of the
included texts was also adopted. As exclusion criteria, it was
considered: texts with results of experiments made on ani-
mals. The Figure shows the representative scheme of the text
selection procedures.

The texts were analyzed, initially, by the title, then by the anal-
ysis of the summary, and for those who did not present enough
information to allow their selection or exclusion, vertical read-
ings were conducted. The selection of texts was carried out by
all authors, and the differences were resolved by consensus.
Lastly, meticulous readings of the selected material were carried
out, in an analytical and interpretative way, seeking to gather
consensus, without failing to impress discussions on the issues
raised, especially in the Brazilian context. Due to the novelty
of the theme, the final sample of this review consisted of eight
texts, which will be detailed below.

In order to organize the presentation of the results found, first,
in the “Results” section, studies found through searches were
highlighted. Then, in the “Discussion” section, we present some
studies developed in periods prior to December 2019 and that ana-
lyzed other coronaviruses in the sewage systems, with emphasis
on SARS-CoV (which causes severe acute respiratory syndrome)
for presenting structural and genetic characteristics similar
to SARS-CoV-2. This option was made in an attempt to better

Vigil. sanit. debate 2020;8(3):132-138 | 133



Records identified through database
research (n = 88)

Z
a
&=
[
o
S
S
=3
o
g
K]
(%]
=
o
S
©
&2
&
5
fo
5]
e

l

Records identified through research

Records after eliminating duplicate texts (n = 30)

Texts selected for full reading (n = 20)

Souza e Souza LP et al. Monitoring of the sanitary sewage and the SARS-CoV-2

from other sources (n = 03)

Texts deleted after full
reading (n = 12)

Inclusion

Texts considered in the final
sample for this article (n = 08)

Source: Elaborated by the authors, 2020.

Figure. Representative scheme of the article selection procedures. Brazil, 05 May 2020.

understand the possibility of the viability of the novel coronavirus,
recognizing possible limitations as it is a new pathogen.

RESULTS

Although SARS-CoV-2 was discovered in December 2019, all stud-
ies found through electronic database searches were published
in 2020. As for the type, original articles and technical notes
were found with previous research results.

In a study conducted in China at the Fifth Affiliated Hospital of
Sun Yat-sem University, the authors collected respiratory and
fecal samples from patients with COVID-19 every one or two
days, depending on sample availability, until two consecutive
tests were negative. Of the 74 patients investigated, 41 had pos-
itive fecal tests for, on average, 27 days, whereas, for breathing
tests, the average number of days with positive results was 16
days since the first symptom’.

Another investigation carried out in China showed that, in the
analysis of ten children with positive results for SARS-CoV-2,
eight of them presented positive fecal samples with the virus.
Furthermore, the authors observed that, after the symptomatic
period, fecal samples remained positive even with nasopharyn-
geal samples indicating a negative result. The researchers rein-
force that there is a need for studies that prove the presence of
viruses capable of replication in fecal samples?.

Still concerning feces, another study conducted in China found a
strain of SARS-CoV-2 in a fecal sample from a single patient. The
authors point out that, in addition to contact with respiratory
secretions of infected cases, there would be a possibility that
the virus could be transmitted via the oral-fecal route, mean-
ing that the feces could contaminate the hands, food, water
and cause infections when invading the oral cavity, respiratory
and/or conjunctival mucosa®. However, it is necessary to recog-
nize the limitations of this study, mainly in relation to the lack of
a representative sample.

http://www.visaemdebate.incqgs.fiocruz.br/

It is also worth mentioning a study that managed to isolate the
novel coronavirus in the urine sample of a single patient at
Guangzhou Heights People’s Hospital, in China™. It is notewor-
thy that, despite the limitation of analyzing only one patient,
the authors reinforce that such findings increase the impor-
tance of precautionary measures to avoid possible transmission
through urine’®,

The relationship between the presence of viral ribonucleic acid
(RNA) in sewage samples and the number of cases of COVID-19
was also found in an investigation carried out in Paris, France.
The authors analyzed samples of raw and treated sewage from
the three largest sewage treatment plants (STP) in the French
capital. Monitoring was conducted between March and April
2020; and the presence of SARS-CoV-2 was positive in all sam-
ples of raw sewage. The presence was also observed in 75% of
the treated sewage samples, although it was observed that STP
provided a 100-times reduction in viral load. The researchers
observed that sewage contamination occurred before the expo-
nential increase in the disease, emphasizing that the increase
in the amount of SARS-CoV-2 genetic material in the raw sew-
age is related to the number of deaths, both in relation to the
city of Paris and throughout France. Thus, the study confirmed
the validity and importance that monitoring in sanitary sewage
has in the detection of the novel coronavirus among population
groups in a timely manner.

In another study conducted at the Dutch National Institute for
Public Health and the Environment, researchers reported the
detection of genetic material from the novel coronavirus in sam-
ples of wastewater from the Netherlands. The genetic material
of SARS-CoV-2 was detected in sewage samples from Amster-
dam-Schiphol Airport and the STPs in the cities of Kaatsheuvel
and Tilburg, two weeks after confirmation of the first patient
with COVID-192,

In Brazil, researchers from the Oswaldo Cruz Foundation
(Fiocruz) detected genetic material from the novel coronavi-
rus in sewage samples in the city of Niterdi, State of Rio de
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Janeiro, in April 2020. The researchers used the ultracentrif-
ugation methodology, traditionally used for concentration of
viruses in sewers, associated with the reverse transcription
technique followed by the polymerase chain reaction (RT-PCR)
in real-time, which is indicated by the WHO. It is reinforced
that the research is still in progress, with an expectation of
expansion, according to the authors.

In another Brazilian study, researchers from the Universidade
Federal de Minas Gerais (UFMG) collected sewage samples
between April 13 and 17; and between April 20 and 24, 2020,
in the cities of Belo Horizonte and Contagem, municipalities
in the State of Minas Gerais. The results showed that 31% of
the 26 samples collected were positive for the presence of
SARS-CoV-2. It is noteworthy that the researchers collected
samples of untreated sewage and are expected to analyze the
exit points of the STPs'™.

DISCUSSION

To date, few studies have reported the presence of SARS-CoV-2
in human waste (feces or urine) and sanitary sewage, with none
confirming transmission of COVID-19 via the fecal-oral route.

However, because the structure of SARS-CoV-2 is similar to
that of other coronaviruses, some previous studies that ana-
lyzed pathogens from the same family brought information that
can add to the understanding of the possibilities of transmis-
sion of SARS-CoV-2 through routes other than respiratory. In
2003, during an outbreak of Severe Acute Respiratory Syndrome
(SARS) caused by a coronavirus called SARS-CoV, researchers
reported a rapid spread of the disease in Amoy Gardens, a large
private apartment complex located in Hong Kong, China. It has
been shown that, unlike a typical viral outbreak that spreads
through person-to-person contact, the SARS-causing virus has
spread, in this case, mainly through the air. The results also
showed that high concentrations of viral aerosols from the
plumbing of buildings were carried to the bathrooms of the
apartments through drains on the floor, contaminating resi-
dents, and visitors'.

In a research carried out in 2005, using in vitro, Wang et al.?
evaluated the persistence of the virus responsible for SARS in
tap water without disinfection (addition of chlorine), hospital
wastewater, and domestic sewage, checking the virus’ perma-
nence in these environments for two days at a temperature of
20°C. This research also demonstrated that SARS-CoV was more
susceptible to the disinfection process than Escherichia coli.
For residual chlorine concentration above 0.5 mg/L, com-
plete inactivation of SARS-CoV was found, whereas complete
inactivation was not verified for E. coli. The data suggested
that standard chlorination practices in the municipal waste-
water system could be sufficient to deactivate coronaviruses,
as long as utilities monitor available chlorine during treatment
to ensure that it has not been depleted. It is also important to
monitor the generation of organochlorines in the wastewater
chlorination process?.

http://www.visaemdebate.incgs.fiocruz.br/
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In the same SARS outbreak period, researchers from Beijing,
China, reported the detection of SARS-CoV coronavirus RNA in
previously concentrated sewage samples from two hospitals
that received infected individuals. The detection indicated that
SARS-CoV was excreted in the feces and urine of these patients.
In vitro tests were also performed by inoculating SARS-CoV in
sewage samples from one of the evaluated hospitals, demon-
strating that the virus remained infectious for more than 14
days at 4°C and for two days at 20°C. Furthermore, the RNA
of the virus could be detected for 14 days in the sewage sam-
ples kept at 4°C and for eight days in those kept at 20°C, sug-
gesting a tendency of inactivation for higher temperatures?'.
In another study also conducted in China, in 2009, the authors
identified the persistence of some SARS-CoV-2-like viruses in
natural waters and in sewage for more than ten days; reporting
the possibility of contamination by droplets (aerosols) from the
infected sewage?.

Thus, adding the studies presented in the Results section with
those cited in the Discussion, the data gathered here point
to the need to expand the debate on other forms of trans-
mission of the novel coronavirus, with emphasis on the fecal-
oral route; as well as the possibility of monitoring the circula-
tion of the virus in populations through the sewage, allowing
the relevant measures to be taken in a timely manner. The
adoption of these measures becomes valid, mainly, in places
where there are economic, logistical, or cultural impossibil-
ities to carry out mass testing'™?3. In this context, the moni-
toring of sewage systems can be an important alternative to
be included by the State or Public Administration in actions
against COVID-19, strengthening health, epidemiological, and
environmental surveillance.

The epidemiology of sewage appears in this discussion since
it has already been used in the tracking and signaling of early
alerts of outbreaks of other viral diseases, such as Hepatitis A,
Poliomyelitis, and Gastroenteritis?*?4?5, Thus, the present article
points to this technique as one of the possibilities of offering
important information about COVID-19 in Brazil, with sanitary
sewers being routes or means capable of determining the scale
of the disease outbreak in certain populations.

Brazil is already considered one of the countries with the high-
est number of infected - 584,016 confirmed cases until June 3,
2020%, and with the increase in the virus circulation in the pop-
ulation, it must be recognized that this will increase the viral
load in the sewage systems of cities'>?2. Thus, discussions about
alternative routes of transmission of COVID-19, with emphasis
on fecal-oral, need to be considered in the media, to think of a
structure that guides new research with this focus?.

From another perspective, collecting information about the
occurrence and fate of SARS-CoV-2 in the sewage can allow
you to discover areas with a greater presence of the virus,
predicting possible unexpected increases and contribut-
ing to regionalized (localized) actions that optimize service
responses without overburdening them, especially the Unified
Health System (SUS).
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Given the inability to perform tests for the entire population
in Brazil, it is important to think of alternatives that have the
potential to collectively discover and target regions with the
highest risk and circulation of SARS-CoV-2, mainly because, in
addition to the possibility of underreporting of the cases, there
are many infected people who are asymptomatic but have the
potential for transmission. And, in this sense, sewage monitoring
can be one of these alternatives, even presenting economic rel-
evance, as it may require less expenditure of public money when
compared to other measures - biochemical and molecular tests
or other hard technologies.

In Brazil, the option of monitoring sewage can be considered by
federal, state, and municipal managers, as sewage collection
is an existing service in the country. However, it is necessary
to recognize the limitations regarding the ideal coverage in all
cities, areas, and regions, even if the country has the Brazilian
National Plan for Basic Sanitation (PLANSAB)? - which refers to
universalization processes of these services. According to the
National Sanitation Information System (SNIS)?°, the average
percentage of services provided by sewage collection networks
is 60.9% in the urban areas of Brazilian cities, especially in the
Southeast region, with an average of 83.7%. Regarding sewage
treatment, it is observed that the country’s average index is
46.3% for the estimate of the generated sewage and 74.5% for
the sewage that is collected?.

However, even in the face of these difficulties, sewage appears
as another topic to be considered in this pandemic moment, pre-
senting itself as a tool that can provide a collective diagnosis,
especially in the largest cities that already have a sewage sys-
tem with a collection that serves a percentage above 50% of the
population. However, it is essential that the State expand the
sewage system, including also access to quality water®, guar-
anteeing the right to better living conditions for the population,
with a direct impact on health.
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CONCLUSIONS

Although, to date, no research has confirmed the transmis-
sion of COVID-19 via the fecal-oral route, the studies pre-
sented here signal the importance of including this topic on
the agenda of discussions in the face of the pandemic. In
Brazil, even with the difficulties related to sanitation, sew-
age can be another tool capable of contributing to the efforts
of health, environmental, and epidemiological surveillance.
The State must expand the sewage system for the popula-
tion, in addition to adopting measures that encourage and
require companies providing sanitation services to align their
actions, with the need for them to have control over the sys-
tems, so that quality data is provided and that is also capable
of guiding preventive measures of contagion and mitigation
of the risks of illness.

Lastly, it is recognized that this article does not exhaust the dis-
cussion of the theme but advances in the sense of presenting
data that add to the existing information on the ways of disper-
sion of SARS-CoV-2 in the environment. Investigations in differ-
ent cities in Brazil need to be conducted, considering regional
disparities, in order to have greater clarity on the viability of
the virus in raw and treated sewage and on the viability of fecal-
oral contamination, so that the monitoring of sewage systems
strengthen itself as an auxiliary tool in the surveillance of dis-
eases and conditions such as COVID-19.
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