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Letter to the Editor

Abundance of viral gastroenteritis before and after the
emergence of COVID-19: Molecular evidence on wastewater

Dear editor

Growing evidence may have delighted us that the implemen-
tation of several non-pharmaceutical interventions (NPIs) such as
social distancing, increased hand hygiene, mask-wearing, working
from home, and school closures amid the global pandemic of coro-
navirus disease-2019 (COVID-19) has proven efficient not only to
reduce COVID-19 but also many other infectious diseases includ-
ing the acute gastroenteritis in all ages of people (AGE).!”> Never-
theless, the recent re-emergence of these infections is worryings
us again.* Actually, the decline in infections was not confirmed by
community-level investigations. As a result, whether these infec-
tions were truly decreased in the community yet remains vague.
In this study, to our knowledge, we provided the first molecular
evidence of the existence of infections in the community during
the COVID-19 pandemic through wastewater-based epidemiology
(WBE) which is considered a powerful public health surveillance
tool to track infection trends within a community.

AGE still remains a major global public health problem that
mainly affects children which represent about 70% of total AGE.
Viruses including rotavirus (RV), norovirus (NoV), adenovirus
(AdV), astrovirus (AstV), sapovirus (SV), and enterovirus (EV) re-
main the leading causes of viral AGE that account for more than
200,000 childhood deaths per year worldwide. In this study, we
collected raw sewage water (SW) almost every month from Au-
gust 2018 to March 2022 from a sewage treatment plant in the
Kansai area of Japan. These raw SW were characterized as a pool
of both black (wastewater from toilets) and gray water (all do-
mestic wastewater except toilets) of about 245,000 inhabitants
likely came from houses, schools, markets, farms, and hospitals
(after initial treatment). The viruses in the SW were then con-
centrated by polyethylene-glycol (PEG)-precipitation method and
investigated for these major enteric viruses by conventional re-
verse transcription polymerase chain reaction (RT-PCR) with spe-
cific primers as described previously.” Namely, the partial regions
of VP7 for RVA (primer pair: sBeg9-VP7-1'); capsid for NoV GI
(G1SKF-G1SKR), GII (1st PCR: COG2F-G2SKR, nested PCR: G2SKF-
G2SKR) and SV (SLV5317-SLV5749); hexon for AdV (Ad1-Ad2), ORF-
1b for AstV (SF0073-SF0076), and 5'UTR for EV (F1-R1) were am-
plified for screening and sequenced for genotyping. The first PCR
product (1 ul) was re-amplified using the same specific primers if
the first PCR remained negative or faint. In addition, the major G-
genotypes (G1, G2, human typical G3, equine-like G3 (G3e), G4, G8,
G9, and G12) in RVA-positive samples were determined by nested
monoplex PCR using primers as described by Fujii Y et al.’

https://doi.org/10.1016/j.jinf.2022.11.007

We observed that most SW remained positive for several of
these viruses as shown in Table 1. The most frequently detected
virus was SV (74.4%), followed by RVA (61.5%), AstV (59%), NoV GI
(59%), NoV GII (56.4%), EV (48.7%), and AdV (46.2%). Although we
reported, recently, an increasing trend of SV infection in Japanese
children,” the high detection rate of SV seems a particular problem
for this community, because the SV detection rate of this treatment
plant remained high (11/12; 91.7%) in our earlier study” also, but
such a high SV detection rate was not found in the SW of another
treatment plant (data yet not published).

To understand the impact of NPIs in reducing viral AGE in the
community, we analyzed year-wise distributions of AGE viruses in
SW. In Japan, the first COVID-19 case was identified on 14 Jan-
uary 2020, though a series of containment measures including sus-
pension of large-scale gatherings, campaigns for hygiene measures,
and national school closures were implemented from early March
20208 which effectively reduced not only COVID-19 but also viral
AGE in Japanese Children (data not shown). However, we found no
decline in the detection of major diarrheal viruses in SW during
the pandemic (Fig. 1A). The average detection rates were observed:
46% in 2018-2019, 57% in 2019-2020, 56% in 2020-2021, and 73%
in 2021-2022. The comparison of detection rates of individual en-
teric viruses before and during the COVID-19 pandemic revealed
that these viruses remained similar or more abundant in SW dur-
ing the pandemic than before (Fig. 1B). Furthermore, the genotypic
distributions for every enteric virus also looked similar in pre- and
post-COVID-19 emerging eras (Table 1). Our phylogenetic analyses
suggest that although some of these stains appeared similar to an-
imal strains (e.g., some RVA from bovine/dog/cat/porcine/equine,
and some canine AstV), and some EVs remained associated with
other diseases than AGE (e.g., HFMD, herpangina, and hemorrhagic
conjunctivitis), yet the most of these viruses remained closely
related to human strains causing AGE, suggesting that the AGE
viruses existed similarly in the community during the pandemic
as before.

Another vital observation of this study included no decrease
of RVA in SW even after the introduction of RV vaccines in the
Japanese national immunization program in October 2020 (Fig. 1A).
In fact, RV vaccines remain successful in reducing disease sever-
ity, but cannot prevent the occurrence of RV infection.? In addi-
tion, the diversity in RV genotypes that was found in the post-
RV-vaccination era in clinical samples!® was also observed in raw
sewages in both pre- and post-COVID-19 emerging eras (Table 1).

Finally, in this study, we detected a high abundance of diarrheal
viruses in raw sewages during the COVID-19 pandemic, when viral
AGE patients were decreased dramatically in clinics. It was thought
that the precautious lifestyle adopted during the COVID-19 pan-
demic has decreased viral AGE sharply. But, indeed, the decline in
the case number was probably due to less transmission because
of school closure or activity restrictions; and/or uninterested med-

0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Table 1
Detection of major AGE viruses in raw SW.
Year Month RVA NGI NGII NY AdV AstV EV
2018-2019  Aug ++(G1,G3, G3e, G8,G9) w +++(F41) ++ ++-+(EV-A)
Sep + +++(F41)
Oct +++ +++(EV-A)
Nov ++ ++ ++ +++(EV-B)
Mar ++(G1,G2,G3, G3e,G8,G9) ++ w ++
Apr w ++(GL3) ++(GIL1) w +++(EV-C)
May ++ 4
Jun + +++(EV-A)
2019-2020  Jul w +++(GIL3)
Aug +++(GIL3) +++(EV-B)
Sep ++(G2) W w +++ +++ +++
Oct ++(G11) w +++ +++
Nov +++(G3,G8,G9) ++(GIL17) ++-+(F41) +++(MLB1) +
Dec w ++ + +++(F41) +++(MLB1)
Jan ++(G3) + ++(GIL2) +++(GL.2) +++ +++(MLB3)
Feb ++(G3) + +-++(GIL3) +++(F41)
Mar +++(G1,G3, G3e, G8,G9) ++ +++(Gl.2) w ++(EV-C)
Apr + ++
May +(G3, G3e, G8,G9) W w
2020-2021 Jul +
Aug +(G3) + w ++ ++(EV-B)
Sep +
Oct w ++
Nov ++(G1,G3, G3e, G6, G8,G9) ++(GIL6) ++ ++
Dec ++(G3, G3e, G8,G9) ++(GL.6) ++ ++ ++ +++(CAstV)
Jan ++(G1,G3, G3e, G8,G9) ++(GL3) ++ +
Feb ++(G1,G3, G8) ++ ++ ++-+(CAstV)
Mar ++(G1,G2,G3, G3e, G8,G9) ++ ++(GIL17) 4+ ++-+(CAstV) +
Apr ++ (G1,G2,G3, G3e,G9) ++ +-+(GIL2) +++
May + +-+(GIL2) ++ ++ +
Jun w W +-+(GIL.2) ++ ++
2021-2022 Jul + ++ ++
Sep ++(GIL.2) +4+ +++ ++
Oct +++(G2,G3, G3e,G9) +-+(GIL.2) +++ +++(EV-A)
Nov + ++(GIL.2) +++ +++ +++ +++(EV-A)
Dec ++(GL3) ++(GIL.2) +++(GL1) +++(F41) +++(MLB1) +
Jan +++ (G2,G3, G3e, G8,G9) ++(GL3)  +4(GIL2) +++(GL1) ++-+(F41) ++-+(MLB1)
Feb +++(G10) ++(GL1) ++(GIL17) +++(GL.1) +++ +++(CAstV)
Mar +++(G3) ++(GL1) +-+(GIL2) -+ +++(F41) +++(CAstV)
Total Positives (%) 24 (61.5) 23(59.0) 22(56.4) 29(74.4) 18(46.1) 23(59.0) 19(48.7)

++/+++ Found in 1st PCR; Weak (W)/4 Found in 2nd PCR.
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Fig. 1. Distribution of major diarrheal viruses in raw SW. (A) Year-wise distribution of each virus (line) and their averages (column) have been shown in percentage among
the total number of samples investigated in that year. The emergence of COVID-19 and the introduction of the RV vaccine in the national immunization program have been
indicated in the timeline with arrows. Error bars represent + standard deviations. (B) The percentages of enteric viruses detected in SW before (Aug 2018-Feb 2020) and

during (Mar 2020-Mar 2022) COVID-19 pandemic period.

ical care-seeking behavior of patients amid the pandemic resulting
in less reporting which has already begun to disappear, and more
disaster is ahead. Special preparedness is essential for rapid control
of the re-emergence of infectious diseases before it attends another
outbreak.
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