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Wastewater based epidemiology (WBE)

«…the normalisation of analyte influent
concentration to per capita mass loads
using the daily flow and wastewater
treatment plant (WWTP) population…»

Choi et al. Wastewater-based epidemiology biomarkers: Past, present and future (2018). Trends in Analytical Chemistry, 105, 453-469
E. Zuccato, et al., Estimating community drug abuse by wastewater analysis, Environ. Health Perspect. 116 (8) (2008) 1027e1032.



WBE for SARS-CoV-2
Points still needing to be addressed:

• Faecal virus concentration (6x105 - 3x107

viral genomes/ml)

• Few estimates for the rate of viral RNA 
degradation in wastewaters

• Dilution of virus load in wastewaters
(e.g. during rains)

• Analytical sensitivity of RT-PCR markers 
and potential inhibition

• Viral partitioning in solid and liquid
fractions and performance of 
concentration techniques

Hart & Halden, (2020).Computational analysis of SARS-CoV-2/COVID-19 surveillance by wastewater-based epidemiology locally and globally: Feasibility, 
economy, opportunities and challenges. Science of The Total Environment, 730, 138875,



WBE for SARS-CoV-2: viral degradation

Hart & Halden, (2020).Computational analysis of SARS-CoV-2/COVID-19 surveillance by wastewater-based epidemiology locally and globally: Feasibility, economy, 
opportunities and challenges. Science of The Total Environment, 730, 138875

Bivins, Greaves, Fischer, Yinda, Ahmed, Kitajima, Munster, and Bibby. Environmental Science & Technology Letters Article ASAP DOI: 10.1021/acs.estlett.0c00730

In wastewaters coronaviruses
can survive from a few hours up 
to  ~ 2 days, mostly depending
on temperature.
Moreover, corrivation time can 
increase proprortionally RNA 
degradation.

Some experimental estimates
of RNA persistence (> 20 days
at 20-25° C) area available, 
Virus infectivity decays earlier
(~ 2 days)



WWTPs

RNA detection and viral infectivity
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Experimental design

Non-treated, inefficiently treated 
discharges (illicit discharges, combined
sewage overflows)

(LC-HRMS)



caffeine 
molecule

(Mayo Clinic, 2003)

40 mg
From 30 up to 50 mg

(Mayo Clinic, 2003)

Mean global 
uptake: 70 mg 
day-1 person-1

(WHO,1997)

Human metabolic rate:
0,5 ÷10% of the uptake
(Siegener & Chen, 2002) 

Highly soluble and 
preserved molecule

Detectable only in domestic
discharges (Buerge et 
al.,2006)

Caffeine as a tracer of  domestic discharges



Study area

 3 WWTPs (4 lines), treating 11 m3/s of WWs

 ~ 2 milions equivalent inhabitants

 Secondary treatment and final disinfection with 
peracetic acid or high-intensity UV.

 3 sampling sites located along the receptors of 
WWTPs (Vettabbia, Lambro and Lambro 
Meridionale), which also receive other 
discharges



SARS-CoV-2 in WWTPs of Milan metropolitan area

(LOD 95%) = 484 gc/mL from infected cells

Orf1ab N E
A raw + - +  No cytopathic effect 35.31
A treated - - -  No cytopathic effect <0.02
B line 1 raw + - + n.a. 28.71
B line 2 raw + + +  No cytopathic effect 32.81
C raw - - - n.a. 26.31
C treated - - - n.a. <0.02
A raw - - -  No cytopathic effect 24.89
A treated - - -  No cytopathic effect 0.03
B line 1 raw + + -  No cytopathic effect 22.72
B line 2 raw - - -  No cytopathic effect 16.24
C raw - - -  No cytopathic effect 21.61
C treated - - -  No cytopathic effect 0.06

Gene positivity Infectivity test Caffeine 
µg/L

14/04/2020

22/04/2020

Date Station treatment

Corrivation time: 6-8 hours
WWs temperature: 18.5 – 19 °C  
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Zhou,  Y, Pei, F., Wang, L., Zhao, H., Li, H., Ji, M., Yang, W., Wang, Q., Zhao, Q., Wang, Y., 2020. Sensitivity
evaluation of 2019 novel coronavirus (SARS-CoV-2) RT-PCR detection kits and strategy to reduce false 
negative. medRxiv 2020.04.28.20083956. https://doi.org/10.1101/2020.04.28.20083956

Markers sensitivity



Epidemiological trend



SARS-CoV-2 in the final receptors

Combined sewage
overflows can have a 
relevant role in favoring
environmental dispersion
of viral RNA

Orf1ab N E
Vettabbia + + -  No cytopathic effect <0.02

Lambro Meridionale + + -  No cytopathic effect 0.36
Lambro + + -  No cytopathic effect 0.28

Vettabbia - - -  No cytopathic effect <0.02
Lambro Meridionale - - -  No cytopathic effect 0.41

Lambro + + -  No cytopathic effect 0.44

Caffeine 
µg/L

14/04/2020

22/04/2020

Date Station Gene positivity Vitality test



WWTPs

Receptors

SARS-CoV-2 infectivity concentration

Interpretation

Input from WWTPs equipped with 
secondary treatments only?

Non-treated, inefficiently 
treated discharges (illicit
discharges, combined sewage
overflows)



WBE in other countries

 SARS-CoV-2 RNA is now commonly detected in raw WWs in a wide number of cases (e.g. Netherlands,  
Australia, US, China, France, Israel, Italy, Spain, Turkey, India, Japan)

 A relatively small number of studies investigated the presence of SARS-CoV-2 RNA in WWs after
treatments (Spain, Turkey)

 Virus infectivity in WWs was investigated in a few studies. However, infective virus was found in faeces
and transmission of virus via aerosol suspected in one case (Wang et al., 2020; Wei et al., 2020)

 A single study looked for SARS-CoV-2 RNA in final receptors of WWTPs in Japan  (Haramoto et al., 2020), 
and authors did not find any detectable RNA amplification (in that case, prevalence was lower than in 
the Milan area) 

Wang, W., Xu, Y., Gao, R., Lu, R., Han, K., Wu, G., Tan, W., 2020b. Detection of SARS- CoV-2 in different types of clinical specimens. J. Am. Med. Assoc. https:// 
doi.org/10.1001/jama.2020.3786.

Haramoto et al. , 2020. First environmental surveillance for the presence of SARS-CoV-2 RNA in wastewater and river water in Japan. 
MedRxiv 2020.06.04.20122747; doi: https://doi.org/10.1101/2020.06.04.20122747 

Jianjian Wei, Jun Yuan, Juxuan Guo, et al. Probable Evidence of Fecal Aerosol Transmission of SARS-CoV-2 in a High-Rise Building. Annals of Internal Medicine 
0;0 [Epub ahead of print 1 September 2020]. doi:https://doi.org/10.7326/M20-0928

Relatore
Note di presentazione
The duration of viral shedding in the faeces is mostly reported from 1 to 33 days after a negative nasopharyngeal swab but can continue for up to 47 days after onset of symptoms in patients with COVID-19
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