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Studies have shown that severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) can appear in feces within 
three days of infection, which is much sooner than the time 
taken for people to develop symptoms and get an official 
diagnosis (Mallapaty 2020). Therefore, earlier identification 
in wastewater of the virus’s arrival in a community might 
limit the health and economic damage caused by the coro-
navirus disease 2019 (COVID-19).

Despite centuries of technological advances, the COVID-
19 pandemic is highlighting the limitations of our ability to 
control viral spread and infections worldwide. This knowl-
edge gap has induced highly variable and sometimes con-
tradictory government decisions in many countries, such as 
whether to wear a mask or not, and various strategies for 
testing, contact tracing and isolation of infected patients. 
The failure of control strategies has led many countries to 
lockdowns. In particular, powerful and rapid analytical tech-
niques are actually still missing because virus detection is a 
key step in controlling viral transmission.

The biomarker approach, which was initially developed in 
geochemistry to measure the maturity of dead organic mat-
ter and to link molecular fossils with biological homologs, 
has been applied to modern samples such as soils, sedi-
ments, wastewaters and plants (Albrecht and Ourisson 1971; 

Lichtfouse et al. 1994 1997; Bryselbout et al. 1998; Payet 
et al. 1999; Dsikowitzky and Schwarzbauer 2014; Choi et al. 
2020). Here, we discuss the emergence of wastewater epi-
demiology based on ribonucleic acid (RNA) biomarkers, a 
discipline linking biomedical and environmental sciences 
for the detection of pathogens, with focus on analytical 
challenges.

The rise of viral epidemics and pandemics

In the past decades, human populations have faced many 
epidemics causing negative impact on public health and 
economy (Kitajima et al. 2020; Sharma et al. 2020). Virus-
related epidemics included the human immunodeficiency 
virus (HIV), influenza virus (flu), the Ebola virus (EBOV), 
the Zika virus (ZIKV), the chikungunya virus (Chik), the 
Middle East respiratory syndrome coronavirus (MERS-
CoV) and the severe acute respiratory syndrome coronavi-
rus (SARS-CoV). Among respiratory viruses, coronaviruses 
(CoV) are a major threat to public health due to easy human-
to-human transmissions (Li et al. 2020; Prather et al. 2020). 
Coronaviruses may also be transmittable via birds (Shi et al. 
2020) or other mammalian intermediate hosts. The novel 
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coronavirus SARS-CoV-2 (or COVID-19) pandemic has 
resulted in more than 61 million infected people with nearly 
1.5 million death according to the World Health Organi-
zation on November 29, 2020 (World health Organization 
2020). COVID-19 remains a challenge to public health, 
which requires its tracking to implement rational-based virus 
countermeasures in order to minimize further risk of viral 
spreading to human population. Knowledge on COVID-19 
in environmental samples such as wastewater appears critical 
to shrink the pandemic, as explained below.

COVID‑19 in wastewater

SARS-CoV-2 belongs to the family of Coronaviridae that 
contains a group of enveloped viruses having a single-
stranded RNA genome. The main transmission pathway of 
SARS-CoV-2 includes person-to-person contact and inhala-
tion of droplets and aerosols (Dinnon et al. 2020; Li et al. 
2020). Infected persons shed both viable SARS-CoV-2 and 
viral RNA through bodily excretion such as sputum, saliva, 
urine and feces (Arnaud 2020; Daughton 2020; Foladori 
et al. 2020; Kitajima et al. 2020; Kweinor Tetteh et al. 2020; 
Peccia et al. 2020; Randazzo et al. 2020). Accordingly, 
SARS-CoV-2 RNA has been detected in urine, anal and 
rectal swabs and human feces (Ahmed et al. 2020; Hart and 
Halden 2020; Jones et al. 2020; Medema et al. 2020; Peccia 
et al. 2020). The human excreta ultimately enter into the 

wastewater (Fig. 1, Kitajima et al. 2020). As a consequence, 
SARS-CoV-2 has been detected in wastewater worldwide 
(Adelodun et al. 2020; Al Huraimel et al. 2020; Bivins et al. 
2020; Daughton 2020; Foladori et al. 2020; Hart and Halden 
2020; Kweinor Tetteh et al. 2020; Mallapaty, 2020; Peccia 
et al. 2020; Randazzo et al. 2020).

Wastewater epidemiologic surveillance

Classical clinical diagnostic tests to detect the virus in indi-
viduals are useful but are limited by cost, supplies, ratio of 
tested versus untested people, and by the inability to test 
a large population urgently, as well as by the complicated 
process of nasopharyngeal swabbing. Alternatively, waste-
water epidemiology, which involves tracking SARS-CoV-2 
in wastewater, provides rapid and complementary infor-
mation to assist public health decisionmakers to minimize 
risks associated with COVID-19 in the community (Kitajima 
et al. 2020)(Fig. 1). Indeed, wastewater epidemiology pro-
vides a community diagnostic integrating the potential con-
tamination of a large number of individuals. In particular, 
in regions with limited resources where it is difficult to per-
form clinical diagnosis, monitoring wastewater may assist 
in controlling the spread of epidemics (Bivins et al. 2020). 
Overall, tracing of SARS-CoV-2 through detection at sewer 
lines and wastewater treatment locations will immediately 
identify areas of epidemic concerns. Moreover, wastewater 
epidemiology addresses the social stigma of a community 

Fig. 1   Release of SARS-CoV-2 into wastewater and wastewater epi-
demiology.  Adapted from Kitajima et al. (2020). COVID-19 patients 
shed SARS-CoV-2 viral RNA in feces. The feces in the catchment 
are converged at the wastewater treatment facility. Wastewater sam-

ples are collected. Viral RNA in the wastewater is isolated and ana-
lyzed. SARS-CoV-2: severe acute respiratory syndrome coronavirus 
2, COVID-19: coronavirus disease 2019, RNA: ribonucleic acid



toward the clinical diagnosis of COVID-19 (Murakami et al. 
2020).

Since research on the identification of SARS-CoV-2 
in human excreta and wastewaters has just begun, many 
unknowns need to be unveiled, such as a solid analytical 
methodology for isolating, identifying and quantifying the 
virus. Michael-Kordatou et al. (2020) have recently reviewed 
factors and conditions to optimize the analytical methodol-
ogy, with details of protocols including sampling, concen-
trating, extracting viral RNA, detecting and subsequently 
quantifying (Fig. 2). In particular, they found that the selec-
tion of the sampling method, e.g., grab or composite, the 
sampling time and the temperature of sample storage is criti-
cal. Moreover, organic matter, suspended solids, pretreat-
ment temperature and concentrating the virus from large 
volumes of wastewater may influence the analysis.

Extracting the viral RNA without damage to its molecular 
structure is particularly difficult because, contrary to ‘ideal’ 
biological samples, wastewater is a very complex organo-
mineral mixture that contains compounds which could 
adsorb, react with and degrade RNA (Limsawat and Ohgaki 
1997; Lu et al. 2020). The key challenge is in selecting a 

suitable procedure that breaks virus particles without alter-
ing nucleic acids to achieve a maximum recovery or yield. 
Quantitative reverse transcription polymerase chain reac-
tion (RT-qPCR) is usually applied to detect and quantify 
SARS-CoV-2. This technique relies on the presence of 
SARS-CoV-2 specific RNA in the sample detected by the 
TaqMan assay, i.e., the 5′ nuclease assay, which has been 
established for samples of clinical origins. The use of this 
assay for environmental sample requires additional consid-
erations such as proper controls of similar matrices. In the 
technique, consistency in the combinations of assay sets can 
be applied in the study.

In conclusion, systematic and continuous monitoring 
using wastewater epidemiology can be applied to give early 
warning to the existence of infections in the community to 
guide public health authorities and drive the public health 
counter measures. Interestingly, wastewater, which was pre-
viously considered as unwanted junk matter, appears now 
as a gold mine of information, chemicals and energy in the 
context of the future circular economy.

Fig. 2   Procedure for analysis of viral RNA from SARS-CoV-2 in 
wastewaters, showing critical steps. RNA: ribonucleic acid,  SARS-
CoV-2: severe acute respiratory syndrome coronavirus 2,  UWTP: 
urban wastewater treatment plant, RT-qPCR: reverse transcription 

polymerase chain reaction, q-PCR: quantitative polymerase chain 
reaction.  Adapted from Michael-Kordatou et al. (2020) with permis-
sion from Elsevier
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