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Abstract

SARS-CoV-2 is a new type of coronavirus that is capable to infect humans and cause the severe acute respiratory
syndrome COVID-19, a disease that has been causing enormous impacts across the whole Earth. COVID-19 patients,
including mild, pre-symptomatic and asymptomatic cases, were often seen to contain infectious fragments of SARS-
CoV-2 in urine and feces samples. Thus, studies to detect the new coronavirus in wastewater, which collect and
concentrate human excreta, have been extremely useful as a tool to monitor the virus spread in the communities. The
surveillance, frequently used to elaborate economical non-invasive diagnoses about the circulation of chemicals and
pollutants in populations, could be used as a quick alert about emerging and reemerging COVID-19 epidemics,
improve the predictions concerning the SARS-CoV-2 dissemination and promote the development of better viral
containment measures. Along that, the approach could be used to construct more accurately epidemiological models,
foment better practices to coordinate resources an administer the vaccines, assess the propagation of SARS-CoV-2
variants across temporal and geographic scales, evaluate environmental risks and also the effectiveness of disinfection
systems. In this review, it was addressed early reports regarding SARS-CoV-2 detections in wastewater and the
importance of this valuable approach in the application of faster and more effective interventions from public health
authorities, either towards the COVID-19 or any other epidemic disease in the future.

Keywords: Epidemiology; Epidemiological monitoring; WBE; Collective health; Preventive medicine;
Epidemiological surveillance.

Resumo

O SARS-CoV-2 é um novo tipo de coronavirus capaz de infectar humanos e causar a sindrome respiratoria aguda
grave COVID-19, doenc¢a que vem causando enormes impactos em todo o planeta Terra. Pacientes com COVID-19,
incluindo casos leves, pré-sintomaticos e assintomaticos, frequentemente foram vistos por conter em amostras de
urina e fezes fragmentos infecciosos do SARS-CoV-2. Sendo assim, estudos para detectar 0 novo coronavirus em
aguas residuarias, que coletam e concentram os excrementos humanos, tém sido extremamente Uteis como uma
ferramenta para monitorar a disseminacdo do virus nas comunidades. A vigilancia, frequentemente utilizada para
elaborar diagndsticos econémicos e ndo invasivos sobre a circulagdo de produtos quimicos e poluentes nas
populacdes, poderia ser utilizada como um alerta rpido sobre epidemias emergentes e reemergentes de COVID-19,
melhorar as previsdes acerca da propagacdo do SARS-CoV-2 e promover o desenvolvimento de melhores medidas de
contencdo viral. Além disso, a abordagem poderia ser utilizada para construir modelos epidemiol6gicos com maior
precisdo, fomentar melhores préticas para coordenar recursos e administrar as vacinas, avaliar a propagagdo de
variantes do SARS-CoV-2 em escalas temporais e geogréficas, avaliar riscos ambientais e também a eficécia dos
sistemas de desinfeccdo. Nesta revisdo, foram abordados os relatos precoces de deteccdo do SARS-CoV-2 em 4guas
residuais e a importancia dessa valiosa abordagem na aplicagdo de intervencgdes mais rapidas e eficazes por parte das
autoridades de salde publica, seja em relagdo a COVID-19 ou qualquer outra doenca epidémica no futuro.
Palavras-chave: Epidemiologia; Monitoramento epidemioldgico; EBAR; Salde coletiva; Medicina preventiva;
Vigilancia epidemiolégica.
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Resumen

El SARS-CoV-2 es un nuevo tipo de coronavirus capaz de infectar a los humanos y causar el sindrome respiratorio
agudo severo COVID-19, una enfermedad que ha estado causando grandes impactos en todo el mundo. A menudo se
ha observado que los pacientes con COVID-19, incluidos los casos leves, presintométicos y asintomaticos, contienen
fragmentos infecciosos de SARS-CoV-2 en muestras de heces y orina. Asi, los estudios para detectar el nuevo
coronavirus en las aguas residuales, que recolectan y concentran excrementos humanos, han sido de gran utilidad
como herramienta para monitorear la diseminacion del virus en las comunidades. La vigilancia, que a menudo se
utiliza para desarrollar diagndsticos econdmicos y no invasivos sobre la circulacién de sustancias quimicas y
contaminantes en las poblaciones, podria usarse como una alerta rapida sobre epidemias emergentes y reemergentes
de COVID-19, mejorando las predicciones sobre la propagacion del SARS-CoV-2 y promover el desarrollo de
mejores medidas de contencion viral. Ademas, el enfoque podria usarse para construir modelos epidemioldgicos con
mayor precision, fomentar las mejores practicas para la coordinacion de recursos y la administracion de vacunas,
evaluar la propagacion de las variantes del SARS-CoV-2 en escalas temporales y geograficas, evaluar los riesgos
ambientales y también la efectividad de sistemas de desinfeccion. En esta revision, discutimos los informes de
deteccién precoz de SARS-CoV-2 en aguas residuales y la importancia de este valioso enfoque en la aplicacién de
intervenciones mas rapidas y efectivas por parte de las autoridades de salud publica, ya sea en relacion con COVID-19
o cualquier otro enfermedad epidémica en el futuro.

Palabras clave: Epidemiologia; Monitoreo epidemioldgico; EBAR; Salud publica; Medicina Preventiva; Vigilancia
epidemioldgica.

1. Introduction

SARS-CoV-2 is a human infective novel coronavirus that is responsible to cause the severe acute respiratory

syndrome disease COVID-19 (Zu et al. 2020). Although a controversial origin, the enveloped single-stranded RNA SARS-

CoV-2 virus (Figure 1), which phylogenetically belongs to the Betacoronavirus genera and Sarbecovirus subgenus, was first
detected in late December of 2019 at the city of Wuhan, in China (Andersen et al. 2020; Hua & Shaw 2020). The rapid spread,

along a high fatality rate due to serious infections caused in the human respiratory system, has made the disease a major

worldwide health problem (Grunig et al. 2020). The COVID-19 disease was considered a global health emergency by the

World Health Organization in late January 2020 and, in March 2020, acquired pandemic proportions (WHO 2020a). According

to the agency, on March 24 of 2021, there was 223 countries, areas or territories affected by the COVID-19, approximately 126
359 540 confirmed cases and 2 769 473 fatalities (WHO 2020b).

Figure 1. Transmission electron micrograph of SARS-CoV-2 particles isolated from a patient.

e

Note that the spike glycoproteins, crown-like structures that derived its name (“corona” is the Latin word for crown), can be observed on the
surface of the viral envelope. Source: NIAID-RML.
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COVID-19 disease, according to reports, was seen to cause manifestations on several human systems, including the
neurological, cardiovascular, visual, renal, immune, musculoskeletal and gastrointestinal ones (Borsa & Mazet 2020; Chen et
al. 2020; Cipollaro et al. 2020; Diao et al. 2020; Guo et al. 2020; Jin et al. 2020; Pezzini & Padovani 2020). Symptomatic
patients generally had their respiratory system affected, with clinical symptoms such as taste and smell dysfunctions, fever, dry
cough, fatigue, rhinorrhea, dyspnea, lethargy, muscle pain, headache, diarrhea, vomiting and, in some cases, severe pneumonia
(Eliezer et al. 2020; Sun et al. 2020; Xu et al. 2020; Yang et al. 2020).

SARS-CoV-2 is transmitted through the direct contact with secretions, such as saliva, respiratory droplets and
aerosols particles that are carried and dispersed by the air (Morawska & Cao 2020; Setti et al. 2020). The transmission may
also occur by indirect contact through contaminated surfaces and fomites (Mouchtouri et al. 2020; Patel et al. 2020; Xie et al.
2020). The transmission of the disease has been limited by protective measures, such as personal hygiene, use of face masks,
eye protectors, physical distancing, adequate ventilation of closed spaces, surface disinfections and immunization by vaccines
(Amanat & Krammer 2020; Chu et al. 2020; Sah et al. 2020; WHO 2020c; Ding et al. 2021).

COVID-19 patients, including pre-symptomatic, asymptomatic and mild cases were frequently seen to contain
fragments of SARS-CoV-2 in feces and urine samples (Furukawa et al. 2020; Jeong et al. 2020; Jiang et al. 2020; Li et al.
2020; Park et al. 2020; Wei 2020). The fragments, usually SARS-CoV-2 genome particles detected by molecular biology
methods, have presumed an active viral replication in those environments (Khan et al. 2020; Qian et al. 2020). The presence of
SARS-CoV-2 fragments in those samples, infectious in some cases, has also evidenced the possibility of the viral transmission
through the direct contact or by the aerosols generated by feces and urine of infected patients (Jeong et al. 2020; Kang et al.
2020; Kashi et al. 2020; Patel 2020; Xiao et al. 2020; Elsamadony et al. 2021). The occurrence of viral fragments in those
samples, as addressed in this literature review, has also brought the importance of the detection and the monitoring of the
SARS-CoV-2 in wastewater.

2. Methodology

The systematic literature review was written based on articles published in the Google Scholar, PubMed, Scopus,
ScienceDirect, Web of Science and MedRxiv databases. The terms used in the searches were “SARS-CoV-2”, “detection” or
“early detection”, “wastewater” or “sewage”, and “wastewater-based epidemiology”. The surveys were carried out until 1st of

April of 2021 and included both public open-access and institutional available articles published in English.

3. Epidemiological Surveillance in Wastewater

Monitoring investigations proceeded in wastewater, which is known to gather and concentrate human excretions, have
relied on the hypothesis that excreted substances by humans are stable in wastewater and could be used to estimate the original
excreted concentration by the serviced population (Polo et al. 2020). The non-invasive approach, named Wastewater-Based
Epidemiology (WBE), has been frequently used a fast and low-cost diagnose to generate real time information regarding the
behavior and the circulation dynamics of pollutants, chemicals and also pathogens in communities (Figure 2) (Choi et al. 2018;
Daughton 2018; Sims & Kasprzyk-Hordern 2020).

When focused on the detection of viral pathogens, such as SARS-CoV-2, surveillance in wastewater has the potential
to vastly contribute to assess and preserve the health condition of a population. The approach has been considered as a non-
invasive, economical, fast and robust form of viral monitoring and COVID-19 epidemiological control (Messina 2020;
Thompson et al. 2020; Mainardi & Bidoia 2021). The SARS-CoV-2 surveillance in wastewater, as described in the next
section, could provide better forecasts about the COVID-19 spread in the communities. The monitoring could be used to
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generate quick alerts about possible emerging and reemerging COVID-19 outbreaks and promote the application of better
measurements to contain the viral propagation (Bogler et al. 2020; Mao et al. 2020a; Orive et al. 2020).

Figure 2. Schematic diagram of the Wastewater-Based Epidemiology as a surveillance strategy.
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Note that most of the excretes are collected and concentrated in the sewerage system and in the treatment station. Source: Authors.

4. Early Detections of SARS-CoV-2 in Wastewater

The first report of a SARS-CoV-2 detection in wastewater was done by Medema et al. (2020a), who detected the new
coronavirus in wastewaters samples that were collected in March 4 of 2020 in the Netherlands. According to the author, the
presence of the new coronavirus was detected nearly one week after the first official case reported in the country and six days
before the first COVID-19 reported case in the studied city of Amersfoort, Utrecht. Martin et al. (2020), in turn, detected the
new coronavirus in wastewater samples that were collected three days before the first official report of COVID-19 in the
sewage plant catchment area of South East Region, England.

Peccia et al. (2020), studying primary clarification sludge of a wastewater treatment plant in the metropolitan area of
New Haven, Connecticut, detected SARS-COV-2 viral particles one to four days before hospital admissions and six to eight
days before positive test results conducted in the studied placement. Sensitivity analysis proceeded by Kaplan et al. (2020), that
included alternative lag distributions from infection until hospitalization in that area, suggested that viral particles of SARS-
CoV-2 could be detected in the sewage sludge before of an average period of three to five days before the admissions in the
local hospital.

D'Aoust et al. (2021), investigating primary clarified sludge samples obtained in the treatment plant of the city of
Ottawa, identified an increase in the SARS-CoV-2 viral signals in wastewater 48 hours before positive COVID-19 clinical

tests and 96 hours before local hospitalizations. Kumar et al. (2021) also observed a change on the SARS-CoV-2 genome
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particles concentration in wastewater samples collected one to two weeks before official clinical cases in the studied location
of Gandhinagar, Gujarat, India. Randazzo et al. (2020), as well, detected the new corona virus in wastewater samples collected
in the municipalities of Lorca, Cieza and Totana 12 to 16 days before the local official reports of COVID-19 cases.

Researchers by Melvin et al. (2021) indicated that, in both rural and in large metropolitan areas of Minnesota,
wastewater monitoring could presage changes in new local clinical cases by as much as two weeks (15 to 17 days) in advance.
Saguti et al. (2021) also evidenced that SARS-CoV-2 genomes variations in wastewater samples collected in Gothenburg,
Sweden, preceded the variations of newly local hospitalized patients in 19 to 21 days. Stadler et al. (2020), in turn, evidenced
that levels of SARS-CoV-2 signals in wastewater samples collected in the metropolis of Houston, Texas, were a strong
predictive indicator of trends in the local nasal positivity cases around two-weeks in advance.

Early detections of SARS-CoV-2 in wastewater were also reported by Ahmed et al. (2021), who identified viral
signals of the new coronavirus in wastewaters collected in Brisbane South, Australia, three weeks before the first clinical case
reported the sewerage catchment area. Moreover, Karthikeyan et al. (2021) also evidenced the prediction of new reported cases
up to three weeks in advance through the use of an autoregressive integrated moving average model on wastewater samples
collected at San Diego, California.

The detection of SARS-CoV-2 genome particles in wastewater, as well, was shown to be able to predict COVID-19
cases in country-wide scales. According to Chavarria-Mir6 et al. (2020), SARS-CoV-2 signals were detected in archived
wastewaters samples that were collected in March 12 of 2019 in Spain, nearly one year before the first official COVID-19 case
reported in the country. Fongaro et al. (2021) also stated the presence of the SARS-CoV-2 particles in archived wastewater
samples collected in November 27 of 2019 in Brazil, approximately three months before the first official COVID-19 reported
case in the country.

La Rosa et al. (2021), moreover, detected the presence of SARS-COV-2 particles in wastewater samples collected in
December 18 of 2019 in Italy, around one month before the first official COVID-19 case reported in the country. Jargensen et
al. (2020), then, also evidenced the presence of the new coronavirus genome particles in February 24 of 2020 in Denmark,
around three days before the first official COVID-19 case in the country. Early local and country-wide detections of SARS-

CoV-2 in wastewater and sewage sludge was summarized in Table 1.

Table 1. Early detections of SARS-CoV-2 in liquid and solid phases of wastewater samples.

Country Location Sample source Signal detection Reference

Netherlands  Amersfoort, Utrecht ~ Sewage 1 week after the first official COVID-19 case Medema et al.
reported in the country and 6 days before the (2020a)

first reported case in Amersfoort city

United New Haven, Primary sewage 1-4 days before local hospital admissionsand  Peccia et al.

States Connecticut sludge 6-8 days before SARS-CoV-2 positive test (2020)
results

Canada Ottawa, Ontario Primary clarified 48 hours before COVID-19 clinical tests and D'Aoust et al.

sludge 96 hours before local hospitalizations (2021)

England South East Region Wastewater 3 days before the first reported case in the Martin et al.
sewage plant catchment area (2020)

United New Haven, Sewage sludge Average of 3 to 5 days before the admissions Kaplan et al.

States Connecticut in a local hospital (2020)
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Country Location Sample source Signal detection Reference

India Gandhinagar, Wastewater 1-2 weeks before the official clinical cases in Kumar et al.
Gujarat the studied location (2021)

Spain Lorca, Cieza and Wastewater 12-16 days before official COVID-19 cases in  Randazzo et al.
Totana the studied municipalities (2020)
municipalities

United Minnesota Wastewater 2 weeks (15-17 days) before new clinical Melvin et al.

States cases in rural and large metropolitan areas (2021)

Sweden Gothenburg Wastewater 19-21 days before new local hospitalized Saguti et al.

patients (2021)

United Houston, Texas Wastewater 2 weeks before positive cases of nasal tests Stadler et al.

States (2020)

Australia Brisbane South Wastewater 3 weeks before the first clinical case reported ~ Ahmed et al.

in sewerage catchment area (2021)

United San Diego, Wastewater 3 weeks before local newly reported cases Karthikeyan et

States California al. (2021)

Spain Barcelona Wastewater Nearly 1 year before the first official COVID-  Chavarria-Mir6

19 case reported in the country et al. (2020)

Brazil Floriandpolis, Santa  Sewage Nearly 3 months before the first official Fongaro et al.
Catalina COVID-19 case reported in the country (2021)

Italy Milan, Lombardy Sewage Nearly 1 month before the first official La Rosa et al.
and Turin, Piedmont COVID-19 case reported in the country (2021)

Denmark Solrgd, Zealand Liquid and solid 3 days before the first official COVID-19 case  Jgrgensen et al.

phases of reported in the country (2020)
wastewater

Source: Authors.

5. Methods Used to Detect the SARS-CoV-2 in Wastewater

The methods used to detect the SARS-CoV-2 in wastewater samples, in general, have been made through molecular
biology procedures based on “Reverse Transcription followed by Real-Time Polymerase Chain Reaction” (RT-qPCR). The
technique, which has enabled the copy and quantification of fragments of the virus’ genetic material through in-vitro
replications, has been considered as reliable, sensitive, highly specific and the “gold standard” in the detection of low amounts
of genetic material in different types of matrices (Corpuz et al. 2020; Hamouda et al. 2021). Earlier studies indicated that RT-
gPCR methods were successfully able to determine the diversity and abundance of several viral pathogens in wastewater,
including Adenovirus, Astrovirus, Enterovirus, Hepatitis A and E, Norovirus, Papillomavirus, Parechovirus, Polyomavirus,
Rotavirus and Salivirus (O'Brien et al. 2017; Bisseux et al. 2018; Gyawali & Hewitt 2018; Adineh et al. 2019; I. Ahmed et al.
2019; Randazzo et al. 2019).

RT-qPCR method uses specific gene sequences that detect and copy unique fragments of the SARS-CoV-2 viral
genome in the reaction, named primers. In general, the oligonucleotide unique sequences have targeted the N, N1 and N2

nucleocapsid proteins, the RARP viral RNA polymerase gene, the S spike protein gene and the E envelope protein gene
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(Corpuz et al. 2020; Foladori et al. 2020). Due to their quantitative characteristic, RT-gPCR reactions have been made through
the use hybridization probes, which are DNA sequences marked with fluorescent dyes, e.g., carboxyrhodamine, 6-
carboxyfluorescein and tetrachlorofluorescein (Michael-Kordatou et al. 2020). According to Ahmed et al. (2020), RT-gPCR
methods, depending on the degree of the epidemic, were able to detect concentrations of up to 19 copies of SARS-CoV-2 gene
particles per 1.0 L of wastewater. The main structural targets of the primers used to detect SARS-CoV-2 in wastewater were

illustrated on Figure 3.

Figure 3. Schematic representation of the main structural proteins used to detect the SARS-CoV-2 in wastewater.

- Spike (S)

Nucleocapsid (N)

- Membrane (M)

Envelope (E)

RNA viral genome

Note that the S spike protein, N nucleocapsid protein, M membrane protein, E envelope protein and the RNA viral genome were indicated in
the illustration. Source: Created with BioRender.com.

6. Wastewater Surveillance as a COVID-19 Epidemiological Control Approach

Monitoring the SARS-CoV-2 in wastewaters, besides extremely useful as a non-evasive low-cost early alert about
emerging and re-emerging outbreaks of COVID-19, would enable the enumeration of pre-symptomatic and asymptomatic
cases, as well as people who do not have access to health care, which are frequently not detected by clinical diagnoses and may
still spread the COVID-19 (La Rosa et al. 2020; Larsen & Wigginton 2020; Lee et al. 2020; Lesimple et al. 2020). The
approach, hence, would predict with more accuracy the real number of infected people with SARS-CoV-2 in specific
communities and foment better practices to coordinate efforts, allocate healthcare resources and administer the vaccines (Curtis
et al. 2020; Stadler et al. 2020; Vallejo et al. 2020; Pecson et al. 2021).

Wastewater monitoring could be used to assess the SARS-CoV-2 genetic diversity and detect viral variants that are
circulating in the communities, including the more contagious and lethal B.1.1.7, B.1.351 and B.1.1.28 lineages (Jahn et al.
2021; Waurtzer et al. 2021; Yaniv et al. 2021). The strategy has been used to evaluate the dynamics of SARS-CoV-2 genomic
alterations according to temporal and geographic scales and accurately infer their spread in populations (Izquierdo Lara et al.
2020; Kitajima et al. 2020; Nemudryi et al. 2020; Crits-Christoph et al. 2021; Pérez Catalufia et al. 2021). Viral diversity
analyses in wastewater, moreover, could be applied in frozen and archived samples in order to promote future studies aimed at
estimating the propagation and the SARS-CoV-2 ancestry (Dolfing et al. 2020).

SARS-CoV-2 surveillance in wastewaters has also been used to assess the environmental impacts and the public
health risk associated with the viral transmissibility through water bodies, sewage, slurry, biosolids, aerosolized particles
and/or animal hosts (Carducci et al. 2020; Fernandez-de-Mera et al. 2020; Quilliam et al. 2020; Zhang et al. 2020a). The
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studies have been carried out to determine the efficiency of disinfection systems and foment strategies regarding the adequacy
of water and wastewater treatment plants, waste transport and discharge procedures (Cahill & Morris 2020; Zhang et al. 2020b;
Patel et al. 2021). The researches have also aimed to analyze the safety of reused wastewaters in irrigation of food crops,
groundwater recharge, cooling industrial processes and recreation porpoises (Ali et al. 2020; Bogler et al. 2020; Jha et al.
2020).

In order to improve, simplify and decrease the costs of SARS-CoV-2 detections on wastewater samples, economical,
portable and fast detection devices based on isothermal amplification, paper-based biosensors, electrochemical immunosensors
and microfluidic technologies have been increasingly investigated (Huang et al. 2020; Hui et al. 2020; Mao et al. 2020b; Giri et
al. 2021; Lu et al. 2021). The devices, although under development, have aimed at promoting on-site analyses, which decreases
the need of centralized laboratories, transport of material, expensive laboratory equipment, long-lasting assays and high skilled
laboratory operators (Feng et al. 2020; Tymm et al. 2020; Patel et al. 2021). The approaches have been showing an enormous
potential to generate near real time monitoring results and foment diagnosis with greater efficiency and practicality (Bhalla et
al. 2020; Farkas et al. 2020). Potential uses of the Wastewater-Based Epidemiology approach were illustrated in Figure 4.

The detections efforts may support an international collaborative repository of SARS-CoV-2 surveillance in
wastewater (https://www.covid19wbec.org/) (Bivins et al. 2020). The strategy could be used to improve the accuracy of
wastewater surveillance methods and produce global comparable detection results (Michael-Kordatou et al. 2020; Nabi et al.
2020; Hamouda et al. 2021). Mostly, wastewater monitoring, along with other epidemiological models, such as serological
data, rhinopharyngeal swabs diagnoses, clinical records and hospital admissions, has a great potential to be used to provide
higher effectiveness of public health intervention (Kaplan et al. 2020; Medema et al. 2020b). The approach was shown to be a
valuable tool for the authorities to assess and act quickly towards epidemic outbreaks, either on SARS-CoV-2 ones or other
pathogen taxa in future events (Farkas et al. 2020; Daughton 2020; Weidhaas et al. 2021).

7. Conclusion Remarks

Due to the fact that patients with COVID-19, including mild, pre-symptomatic and asymptomatic cases were
commonly seen to contain infectious fragments of SARS-CoV-2 in stool and urine samples, the detection of the new
coronavirus in wastewaters, which collect and concentrate human excreta, has shown a great potential to be used as an
epidemiological control tool. Through the approach, so called WBE, it would be possible generate rapid alerts about possible
COVID-19 outbreaks and promote the development of better viral containment strategies and distributions of vaccines. The
strategy also enables the quantification of health careless, pre and asymptomatic COVID-19 carriers, thus, could be used to
construct more accurately epidemiological models and provide better predictions about the virus spread. SARS-CoV-2
monitoring in wastewaters, moreover, could be used to detect viral variants that are present in the populations and evaluate the
efficacy of disinfection systems and treatment plants. The reliable, non-evasive and low-cost approach, along extremely useful
for the authorities to rapidly intercede towards SARS-CoV-2 outbreaks, could be also used towards other pathogen taxa in the

present or in the future.
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Figure 4. Potential uses of the Wastewater-Based Epidemiology approach.
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Note that the surveillance strategy can also be used to monitor the presence of chemical compounds, pollutants and other pathogens. Source:
Authors.

Monitoring the SARS-CoV-2 in wastewater as a COVID-19 epidemiological surveillance tool, indeed, require the
elaboration of standards and legislation based on scientific evidence, in addition to the adequacy of diagnostic infrastructures
and the qualification of professionals engaged in monitoring. Practices focused at raising citizens' awareness and the
readjustment of treatment plants for greater safety may also be widely required. Above all, considering the enormous harmful
potential that pandemic diseases like COVID-19 can cause, greater investments in areas such as environmental monitoring,

sanitation, water supply, as well as greater commitment from citizens and government agencies are utterly necessary.
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