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Wastewater-based epidemiology
A wastewater treatment plant collects night soils of people in the
sewer catchment.

* Monitoring of wastewater enables to monitor epidemic situation of
infectious diseases.

— e.g. SARS-CoV-2, norovirus, poliovirus, illicit drugs
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FIG 1 Concentrations of norovirus Gl and Gll in sewage and numbers of gastroenteritis cases reported in the study area. The norovirus
Gl and Gll detection limits are 1.5 and 1.6 log,, copies/ml, respectively.

4 Kazama et al. 2017 Appl. Environ. Microbiol. 83. https://doi.org/10.1128/AEM.03406-1¢
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Presence of SARS-Coronavirus-2 RNA in Sewage and Correlation
with Reported COVID-19 Prevalence in the Early Stage of the
Epidemic in The Netherlands

Gertjan Medema,™ Leo Heijnen, Goffe Elsinga, Ronald Italiaander, and Anke Brouwer
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Measurement of SARS-CoV-2 RNA in wastewater
tracks community infection dynamics
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Nation-wide surveillance of SARS-C:

Latest developments
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Limitation of clinical surveillance and benefit

® Presence of unrecogmzed infections

v' 40-60% of infections are asymptomatic 4],
v' Asymptomatic and pre-symptomatic infections
estimated to contribute to 70% of total transmissions. | s

‘ Many infected people remains undiagnosed.

Massive PCR testings are being conducted

* Regardless of apparent symptoms . .
* Information for quarantine and policy Labor and cost intensive

making i

& Benefits of wastewater surveillance

W
v" Able to take a snapshot of epidemic situation of a group
with the single test D )

\/ Able to find undiagnosed infections from a group

[1] Lavezzo et al. Nature 10.1038/541586-020-2488-1.; (2] Mizumoto et l. Eurasurveillance 25, 1-5; [3] Expert Taskforce COVID-19 Cruise Ship Outbreak, Emerg. Infect. Dis 10.3201/eid2611.201165. (4] H. Nishiura, et al.
Int. J. Infect. Dis. 10.1016/].ijid.2020,02.020. [5] 773.pdf [6] Emery et al. Elife 10.7554/eLife 58699. [7] Sood et al. JAMA, 323(23), 2425.
hittpsy//doiora/10.1001 /jama 2020,8279, (8] Bendavid et al), MedRuiv, znzamluonwua hitps://doi.org/10.1101/2020.04.14 20062463
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Regional-scale application - Forecz

Funabashi City, Japan | > Population: 640,000
» Total confirmed cases: 12,700\ (as of 2021.9.15)

WWTP Coverage Population
area (ha) I (as of R2.4.1)

Takase  Combined 339 ha 48,000
Sanitary 1,731 ha 207,000

Nishiura Combined 805 ha 108,000
Sanitary 181 ha 6,000
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Detection of SARS-CoV-2 RNA

Wastewater |gmh | Virus (1-3mL)r ‘ .
Concen- iy U Detection
(40~100mL) tration concentrate
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\_ 4 raction | Suspend in PBS
Necessary time until quantification Primer/Probe for SARS-CoV-2

PEG precipitation : approx. 1.5 day (next day) | -
Centrifuged solids : approx. 1 day CDCN?1, CDCN2

: ; - ; Process control
Handling techniques Not difficult if - PMMoV, F-phage+MNV

experienced with qPCR.




Probability of in-patient increase by SARS-CoV-2 level in wastewater
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(Honda, unpublished) [Supporters] Funabashi City, CTl Inc, ER&S Inc.

Forecasting epidemic trend by wastewater surveill
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Forecasting from wastewater si

Forecasting COVID-19 cases from wastewater SARS-CoV-2 data in Sendai
Period of learning data
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2) Fecal Shedding

4) Detection via RT-gPCR

epidemiology, targeted clinical testing and an intervention ps
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Early detection and isolation o
Betancourt et al.. Sci. Total Environ, 2021, 779, 146408.

Dorm A (311 residents)
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Fig 1. Timeline of events at Dorm A. Legend: Dates (left to right) and events (top to bottom) are listed in chronological order. WW = wastewater.

Table 3
WBE accuracy as an early-warning diagnostic for new cases of COVID-19,

Clinical EEIRE
Positive B4 Negative 2%

Wastewater Positive B4 79 20 BiEehEE : 80%
TFKigE Negative [21% 25 195 BT RER : 89%
Sensitivity (76.0%). BEE : 76% REE 9% < §k5ZE0
Specificity (90.7%). RE{LTHET SRMHD

Positive predictive value (79.8%). (Note by Honda)
Negative predictive value (88.6%). | Better prediction is possible by improving sampling.
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Benefits of WBE for COVID-19 |
4 Population-scale WBE at WWTP "

I . [FAST] Earlier detection of regional epidemic situation
with less reporting time lag.
« [EFFICIENT] Small no. of testing enables population-
based epidemic situation. (Frequent testing is feasible.)
 [LESS BIAS] Regional-scale epidemic situations
including undiagnosed infections. (Clinically reported
\ cases is affected by no. of testing.)

¢ Local-scale WBE for buildings/community

- Early detection of group infection is enabled.

+ Frequent testing is feasible than testing of every individual.

» Highly sensitive to detect the single infected person. Also effective to
confirm no presence of infection.

+ Positive detection in wastewater can trigger
individual testing for earlier identification
and quarantine of infected persons.

\ » Prevent group infection in the community




Article

Prevalence of Antibiotic-Resistant Bacteria ESKAPE
among Healthy People Estimated by Monitoring of
Municipal Wastewater

Masateru Nishiyama 1.# Sysan Praise !, Keiichi Tsurumaki !, Hiroaki Baba 2, Hajime Kanamori 2

and Toru Watanabe -+
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19 Nishiyama et al.. Antibiotics 10, 495. doi:10.3390/antibiotics10050495

Benefits in application of !

v Able to know infections overlooked by clinics/hospitals.
v Applicable to various diseases
» SARS-CoV-2, norovirus, polioviurs, influenza
» Cholera, typhoid, Shigella dysentery
\ » Antibiotic resistant bacteria y

v Applicable to various tropical diseases
v" Early etection and surveillance of disease outbreak among
people with limited access to medical services
» Rural area
» Urban poverty area/community

\, J
Water Env. Regional epidemic poon | §
WWTP Protection surveillance center




