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EPISENS-M法：下⽔中ウイルス⾼感度検出技術 HA型別検出
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is the discrepancy of corresponding regions monitored by WBE and clin-
ical surveillance. We investigated the concentrations of viral RNA in
wastewater at WWTPs whose service coverage is approximately

10–20 % of the city's population (as detailed in Section 2.1), which
might not represent the actual prevalence and trend in the entire city.
The second scenario is the different groups of the infected monitored

Fig. 2. The dynamics of the concentration of influenza A virus (IAV) RNA in influent wastewater and weekly clinical confirmed influenza cases in Sapporo City. The bars
represent the clinical confirmed cases in Sapporo City, and the plots denote the wastewater concentrations of viral RNA normalized by PMMoV. The circle plots denote
the wastewater concentrations at WWTP A as determined by the EPISENS-M_K method between October 2018 and April 2020, while square and triangle plots denote the
wastewater concentrations at WWTP B and WWTP C, respectively, as determined by the EPISENS-M method between May 2020 and January 2023. ND refers to the non-
detection of virus RNA in wastewater. The first infected person with SARS-CoV-2 was clinically confirmed on February 14, 2020 in Sapporo City. (A) Concentrations of
the universal region of IAV RNA (M gene) in wastewater collected between October 2018 and January 2023, (B) Concentrations of HA genes of IAV in wastewater
collected from October 2018 to April 2020 and from December 2022 to January 2023. Red and yellow plots denote the HA gene concentrations of H1pdm type and H3
types in wastewater, respectively. Red and yellow bars denote the confirmed reported number of the infected with H1N1pdm and H3N2 subtypes, respectively. In this
study period, no influenza patient infected with H1N1 subtype was reported in Sapporo City. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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by the two surveillances at the city level. Clinical passive surveillance
tests symptomatic RSV patients, the majority of whom are considered
infants (aged under 3 years) or elderly people (Staadegaard et al.,
2021). However, WBE could fail to capture the major group of symp-
tomatic people whom clinical surveillance monitors because they wear
diapers and rarely excrete the viruses in sewage. Although our results
demonstrated the potential of WBE to mirror the prevalence of RSV, in-
cluding its subtypes, further research is needed, especially concerning
the relationship between RSV concentration and RSV incidences. Since
there are no effective vaccinations and therapeutics for RSV, under-
standing the actual prevalence is pivotal for public authorities to pre-
vent RSV epidemics.

Wastewater surveillance for respiratory viral diseases confirmed the dis-
appearance of IAV and RSV since COVID-19 prevalence in Sapporo City
(Figs. 2, 3, S2). These findings are consistent with clinical surveillance in
the corresponding area and clinical observations around the globe (Eden
et al., 2022; Feng et al., 2021; World Health Organization, 2023a). Our
findings support the notion that IAV and RSV have actually been absent
in the community since the COVID-19 pandemic. The decreased prevalence
of these viruses worldwide is probably caused by NPIs mitigating
the spreading of SARS-CoV-2. Indeed, the spreading of RSV and influenza
in a community was observed after relaxing moving restrictions and
reopening schools worldwide (Eden et al., 2022; Emborg et al., 2022;
Fourgeaud et al., 2021; Tempia et al., 2021; World Health Organization,
2023a), as COVID-19, influenza, and RSV are respiratory infectious dis-
eases and share common infection routes or are airborne. Interestingly,
RSV has become an epidemic in Sapporo since 2021, unlike IAV (Figs. 2,
3). In addition, the co-circulation of RSV A and RSV B was disturbed after

the COVID-19 pandemic (Fig. 3A), which is also clinically observed in
Australia (Eden et al., 2022). These phenomena remain poorly understood,
but might be due to viral interference.

Importantly, our findings about the circulation change of IAV and RSV
were accomplished owing to the preservation of wastewater samples (here-
after called “wastewater banking”) as archival community-level public
health information. Wastewater banking provides opportunities to analyze
samples retrospectively to obtain important public health insights at the
population level; for example, when a pathogenic virus invades or emerges
in a community, how effective public health interventions work for mitigat-
ing the prevalence of infectious disease, or whether the characteristics of in-
fectious disease (e.g., epidemic level, genetic distribution, seasonality)
change compared to the previous seasons. This concept can be applied to
other targets in wastewater, such as chemical substances and antimicrobial
resistant bacteria. In this study, we succeefullydetectedPMMoV, IAV and
RSV from membranes frozen for at least a few years. These results demon-
strated the utility of wastewater banking to obtain novel insights related to
improving our health, although the stability of viral nucleic acid under stor-
age, including frozen membranes, should be investigated as suggested by a
previous study (Cutrupi et al., 2021).

The present study has several limitations in interpreting data and pro-
poses further studies to understand the actual prevalence of respiratory in-
fectious diseases with WBE. First, we cannot directly discuss the change in
the concentrations of IAV RNA and RSV RNA during the study period be-
cause sampling locations have changed since May 2020. Although the
catchment areas of the three WWTPs are adjacent to each other (Fig. 1),
we cannot exclude the possibility of localization of those infected with
IAV or RSV in the catchment. Second, we could not identify the potential

Fig. 3. The dynamics of the concentration of respiratory syncytial virus (RSV) RNA in influentwastewater andweekly clinical confirmed RSV cases in Sapporo City. The plots
denote thewastewater concentrations of viral RNA normalized by PMMoV. The circle plots denote thewastewater concentrations atWWTPA as determined by the EPISENS-
M_K method between October 2018 and April 2020, while square and triangle plots denote the wastewater concentrations at WWTP B and WWTP C, respectively, as
determined by the EPISENS-M method between May 2020 and January 2023. ND refers to the non-detection of viral RNA from wastewater. The first infected person
with SARS-CoV-2 was clinically confirmed on February 14, 2020 in Sapporo City. (A) The blue and yellow (with varied darkness) plots denote the RNV N gene
concentrations of the RSV A type and RSV B type, respectively. In Sapporo City, confirmed cases with each serotype of RSV were not reported. (B) The red plots denote
the RSV RNA concentrations with an assay detecting both RSV A and RSV B serotypes, and the grey bars denote the confirmed reported number of the infected with RSV
in Sapporo City. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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◼ パラメータ推定した期間のインフルエンザ報告感染者数の大部分が、インフルエンザA型と仮定
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下水からの推定値

q下⽔処理場ウイルス流⼊量と感染者のウイルス排出量の収⽀式に基づく数理モデルを開発

q季節性インフルエンザへの適⽤

PRESENS: PRedictive Estimation of cases with Sewage-based Enhanced Surveillance
〜事前（pre）に検知（sensing）するモデル〜

• 糞便排出開始と臨床報告の時間差
無症状 有症状 臨床報告

糞便中への排出

時間差

X 日5 日
q COVID-19の感染者数予測

https://www.pref.kanagawa.jp/docs/h2d/covid19/simulation_model.html

