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• Changes in the amount of viruses inwaste-
water correspond to changes in the diag-
nosed patients.

• COVID-19 interventions reduced
norovirus and rotavirus spread in the
Swedish community.

• Astrovirus and adenovirus circulation pat-
tern were less affected by COVID-19 inter-
ventions.

• Increase in the amount of adenovirus,
norovirus GII, and rotavirus inwastewater
after restrictions were removed.
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The quantification of viral genomes in wastewater reflects the prevalence of viral infections within the community.
Knowledge of how the spread of common enteric viruses in the community was affected by the Swedish COVID-19 in-
terventions is limited. To investigate this, the weekly wastewater samples collected for monitoring SARS-CoV-2
throughout the COVID-19 pandemic at the Rya sewage treatment plant in Gothenburg were also analyzed for adeno-
virus, norovirus GII, astrovirus, and rotavirus. The amount of each viral genome was quantified by real-time-qPCR and
compared with the quantity of these viral genomes in wastewater from 2017. The results showed that the winter sea-
sonality of norovirus GII and rotavirus in wastewater observed in 2017 was interrupted shortly after the introduction
of the COVID-19 interventions, and they remained at low level throughout the pandemic. The circulation pattern of
astrovirus and adenovirus was less affected. When the COVID-19 restrictions were lifted in 2022, a dramatic increase
was observed in the amount of norovirus GII, rotavirus, and adenovirus genomes in wastewater. The changes in abun-
dance and seasonality of some viruses identified through wastewater monitoring were consistent with changes in the
number of patients diagnosedwith these viruses. These findings suggest thatmoderate intervention to prevent COVID-
19 significantly reduced the spread of some enteric viruses in the community. The results show that wastewater mon-
itoring is a valuable tool for detecting the spread and outbreaks of viral infections that may cause gastroenteritis also
when people do not seek medical help, such as during the COVID-19 pandemic.
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1. Introduction

Wastewater is a complexmixture and contains a large number of micro-
organisms, including bacteria, viruses, protozoa, and parasites. Some of the
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viruses could cause human diseases and pose a health burden to society.
Monitoring the occurrence and concentration of common non-enveloped
enteric viruses, such as norovirus, rotavirus, enterovirus, and hepatitis A
and E viruses, in wastewater enables our understanding of their spread in
the communities. It also provides an early warning of potential viral out-
breaks (Hellmer et al., 2014; Ndiaye et al., 2014; Pellegrinelli et al.,
2019). Since the COVID-19 pandemic, many studies have shown that
virus monitoring in wastewater is also a promising approach to assess
the circulation of the enveloped virus SARS-CoV-2 in communities
(Castiglioni et al., 2022; Lastra et al., 2022; Polo et al., 2020; Saguti et al.,
2021; Wu et al., 2022). In addition, wastewater surveillance of pandemic
viruses such as SARS-CoV-2, can indicate changes in the spread of an ongo-
ing pandemic and predict the burden on the health system (Wang et al.,
2022). In the post-pandemic era, this method will be particularly valuable
as an epidemiological tool in understanding the spread of the virus, as
less resources will be dedicated to testing and monitoring infections.

Many human enteric viruses have a seasonal circulation pattern and can
cause outbreaks in the general population. For example, gastrointestinal in-
fections caused by norovirus, rotavirus, and astrovirus are most frequently
diagnosed during the winter and/or early spring (Ahmed et al., 2013; Celik
et al., 2015; Wu et al., 2020), while there is no clear seasonal variation in
the spread of adenovirus (Celik et al., 2015; Kim et al., 2017). Various fac-
tors such as the introduction of vaccines, dry and rainy season, climate
changes, and human activities can affect the seasonal epidemiology of
viral infections (Ahmed et al., 2013; Celik et al., 2015; Tate et al., 2009).
These factors can lead to changes in the circulation pattern of certain vi-
ruses in different populations. As the COVID-19 pandemic hit the world
in the beginning of 2020, many countries have implemented non-
pharmaceutical interventions, such as social distancing, mask wearing, in-
creased hand hygiene, country border closures, travel restrictions, isolation
of the confirmed cases and their contacts, and large-scale lockdowns to re-
duce the transmission of SARS-CoV-2 (Flaxman et al., 2020; Perra, 2021).
These interventions not only affected the spread of SARS-CoV-2, but also
changed the spread of other common human viruses. Previous studies
have shown that during the COVID-19 pandemic there were significantly
fewer cases with acute gastroenteritis caused by common enteric viruses,
including adenovirus, norovirus, astrovirus, and rotavirus, compared to
the pre-pandemic period (Liu et al., 2022; Mack et al., 2021; Wang et al.,
2021).

Viruses are monitored in wastewater by determining the presence
of their genomes. This reflects the number of infected individuals in a com-
munity and helps to identify seasonal patterns of virus circulation. Our
previous studies from 2017 showed that the amount of norovirus GII, rota-
virus, and astrovirus in wastewater reached its peak during the cold season
in Gothenburg. This reflected changes in the number of patients diagnosed
with gastroenteritis caused by these viruses (Hellmer et al., 2014; Wang
et al., 2020).

In Sweden, a moderate strategy and limited interventions were adopted
to combat the COVID-19 pandemic (Ludvigsson, 2020). However, knowl-
edge of how the Swedish efforts to prevent the spread of SARS-CoV-2 af-
fected the spread of other viruses is limited. To investigate this, every
week for more than 2 years, we not only monitored SARS-CoV-2, but also
four other viruses in wastewater from the Gothenburg area. The occurrence
and concentration of norovirus GII, rotavirus, astrovirus, and adenovirus in
wastewater during the pandemic were comparedwith the quantity of these
viruses in the corresponding months of 2017 (Wang et al., 2020).

2. Materials and methods

2.1. Wastewater Samples

Weekly pooled influent wastewater samples were collected at the Rya
wastewater treatment plant (WWTP), which receives wastewater from the
city of Gothenburg and six nearby municipalities, as well as storm water
and snow-melting water from some older parts of the city. In Rya WWTP,
a fixed-site sampler was used to collect every 30mL per 10,000 m3 influent
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wastewater. The 24-h flow-weighted samples were stored at 4 °C and
pooled into aweekly sample eachMondaymorning, and sent to the Clinical
Microbiology Laboratory (CML) at the Sahlgrenska University Hospital,
Gothenburg for analysis. The volume of each weekly sample varied due to
changes of precipitation and was between 0.975 and 11.1 L during the pe-
riod. Detailed sampling procedures have previously been described (Saguti
et al., 2021).

The first confirmed case of COVID-19 infection in Sweden was reported
inweek 5, 2020 (Folkhälsomyndigheten, 2020), andwe started the influent
wastewater collection one week later from week 7, 2020. The sampling
lasted until week 17, 2022. A total of 115 weekly samples were collected
and analyzed in this study. Information about the sampling period, weekly
wastewater flow, and the weekly volume is listed in Supplementary
Table S1.

2.2. Concentration of viruses from influent wastewater samples

Viruses were concentrated from the wastewater samples the same day
they were collected by our in-house developed method (Wang et al.,
2018). Before virus concentration, each wastewater sample was centri-
fuged at 6000×g for 15 min to remove large particles or debris. The super-
natant was filtrated through a NanoCeram electropositive filter (Argonide,
Florida, USA) twice. The viruses were eluted from the filter with 330 mL of
0.2 M phosphate buffer containing 3 % beef extract and 0.05 M Glycine
(pH 9.5). The pH of the eluate was adjusted to 7.5 and filtered through a
0.65/0.45 μm Sartobran capsule filter (Sartorius, Göttingen, Germany) to
remove small particles and bacteria. The eluate was then ultracentrifuged
to further concentrate the viruses. The pellet after ultracentrifugation was
suspended in 2.4 mL Tris-HCl (pH 8.0) buffer and stored at−80 °C before
analysis.

2.3. Detection of norovirus GII, adenovirus, rotavirus, and astrovirus in
wastewater by qPCR

The viral nucleic acids were extracted from 1 mL of dissolved pellet
using the QIAamp Circulating Nucleic Acid Kit (Qiagen, Hilden,
Germany) according to the manufacturer's instructions. qPCR was per-
formed to detect rotavirus, norovirus GII, adenovirus, and astrovirus in
the weekly wastewater samples.

The 20-μL qPCR reactionmixture contained 5 μL extracted nucleic acids
of norovirus GII, rotavirus, or astrovirus, 4× UltraPlex 1-Step ToughMix
(Quantabio, Beverly, USA), 0.75 μM of forward and reverse primer, and
0.2 μM probe. The qPCR reaction was performed with an initial reverse
transcription cycle of 50 °C for 10min and 95 °C for 10min, followed by
45 cycles of 95 °C for 10 s and 60 °C for 1min. For adenovirus, the 20-μL
qPCR reaction mixture contained 2 μL extracted nucleic acids, 2×
TaqMan™ Universal PCR Master Mix (Applied Biosystems, Foster City,
CA, USA), 0.5 μM of forward and reverse primer, and 0.4 μM probe. The
qPCR reaction was performed with an initial incubation at 50 °C for 2min
and 95 °C for 10min, followed by 45 cycles of 95 °C for 15 s and 60 °C for
1min. All qPCR reactions were performed on a 7300 real-time PCR system
(Applied Biosystems). Each sample was analyzed in duplicate. The primers
and probes have been described previously (Wang et al., 2020). Two plas-
mids, one containing targeted region of adenovirus, and the other contain-
ing targeted regions of norovirus GII, astrovirus, and rotavirus, were
synthesized in a pEX-A258 vector by Eurofins Genomics (Ebersberg,
Germany). The plasmids were 10-fold serial diluted and five plasmid dilu-
tions were used to generate a standard curve. Nuclease-free water (Sigma-
Aldrich, St. Louis, USA) was used as a negative control. The mean Ct
value of each virus were used to calculate their concentration in qPCR reac-
tion by standard curve quantification based on the dilutions of the plasmid.
Afterwards, the relative amount of viral genomes per day of the total
amount of wastewater passing through Rya WWTP during the week were
calculated with formula as previously described (Saguti et al., 2021). The
analysis of weekly fluctuations in the levels of individual viruses in waste-
water during the SARS-CoV-2 pandemic 2020–2022 and their comparison
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to the corresponding values during 2017 were performed using GraphPad
Prism 9.5.1 software (San Diego, California, USA).

2.4. PCR amplification of adenovirus

Nested PCR targeting the hexon protein-coding region of adenovirus
was performed on wastewater samples collected between week 38, 2021
and week 17, 2022. The primers and PCR reaction conditions were previ-
ously described (Wang et al., 2018). The amplified PCR products were pu-
rified using the QIAquick PCR purification kit (Qiagen) according to the
manufacturer's instruction. The purified amplicons were sent to Eurofins
Genomics (Ebersberg, Germany) for Sanger sequencing. The obtained se-
quences were subjected to analysis using BioEdit software version 7.2.5.
All sequenceswere alignedwith the hexon gene of 81 adenovirus sequences
representing all types of human mastadenovirus downloaded from
GeneBank. Phylogenetic tree was constructed using neighor-joing (NJ)
method within MEGA software version 11 to type the adenovirus
(Tamura et al., 2021).

2.5. Data collection of the number of notified cases of norovirus GII, astrovirus,
rotavirus, and adenovirus infection in the Gothenburg region

The number of samples from patients who had sought medical help for
gastroenteritis in the Gothenburg region during 2017 and 2020–2022, and
sent to CML at the Sahlgrenska University Hospital for analysis were com-
piled. All samples had been analyzed at the routine clinical laboratory at
CML by qPCR. The number of routinely analyzed patient samples with
norovirus GII, astrovirus, rotavirus, and adenovirus was used in the com-
parison of the amount of these viruses in wastewater samples. Data from
each year were imported into the Microsoft Excel database for compilation.
Statistical analysis using Fisher's exact testwas performed in the R program-
ming software package (version 4.0.3). The weekly number of patients
diagnosed with each enteric virus in the Gothenburg area during the pan-
demic 2020–2022 is provided in Supplementary Table S2.

3. Results

3.1. Weekly variation of norovirus GII, astrovirus, rotavirus, and adenovirus in
wastewater compared between the COVID-19 pandemic in 2020–2022 and the
non-pandemic 2017

Weekly changes of the amount of norovirus GII, astrovirus, rotavirus,
and adenovirus were monitored in influent wastewater from Rya WWTP
between week 7, 2020 and week 17, 2022.

Norovirus GII.
The spread of norovirus GII was clearly affected by the COVID-19 pan-

demic interventions. In 2017, the highest measured levels of norovirus
GII in wastewater were during the winter season, with an elevated amount
between weeks 1 and 15, peaking at week 11 (Fig. 1A). The amount of
norovirus GII genomes during this period was about 5–176 times higher
than it was before or after the peak period. In early 2020, the amount of
norovirus GII genomes in influent wastewater started to rise as in 2017.
But this trend was interrupted at week 12 when the first restrictions to
limit SARS-CoV-2 transmission were introduced in Sweden. Since then,
the amount of norovirus GII genomes was at a low level for almost
20 months. There was a small increase between week 48, 2021 and week
2, 2022, but it was still lower than the amount observed in 2017
(Fig. 1A). When the Swedish government and the Public Health Agency re-
moved the restrictions against SARS-CoV-2 spread on February 9, 2022,
there was a dramatic increase in the amount of norovirus GII genomes in
the wastewater. The amount of virus peaked at week 12, when it was five
times higher than in the corresponding period in 2017. This peak followed
the same pattern as norovirus GII in 2017 (Fig. 1A).

Astrovirus.
Like norovirus GII, astrovirus also had a clear winter seasonality in in-

fluent wastewater in 2017 (Fig. 1B). In contrast to norovirus GII, the
3

seasonality did not change for astrovirus during the pandemic. This is prob-
ably because it is mainly children who get infected with astrovirus, and
even if the children want to adhere to the restrictions, they often forget
them and can therefore spread viruses that are secreted at high levels
between them.

Rotavirus.
For rotavirus, the picture is somewhat between that of norovirus GII and

astrovirus. At the beginning of the pandemic in spring 2020, the amount of
rotavirus was similar to that of 2017 (Fig. 1C). However, the expected
spread at the beginning of 2021 did not occur, but it returned at the begin-
ning of 2022, after the restrictions had been removed. This may be a conse-
quence of the rotavirus vaccination, which was introduced in the national
vaccination program for children in 2019 in Sweden. This means that the
younger children were protected during the pandemic and that only the
older children could become infected.

Adenovirus.
The spread of adenovirus did not have a clear seasonality based on the

wastewater monitoring in 2017, and no larger outbreak was observed. Ap-
proximately five peaks were observed throughout 2017, and the amount of
virus between each peak did not differ more than four times (Fig. 1D). The
COVID-19 pandemic and the accompanying control measures did not sig-
nificantly change the pattern for adenovirus. The amount of adenovirus in
the wastewater was at the same level as in 2017. However, the amount of
adenoviruses increased significantly from week 10, 2022, shortly after the
COVID-19 pandemic interventions eased (Fig. 1D). During these weeks,
the amount of adenovirus was more than six times higher than during the
peaks observed during 2017 and during the COVID-19 pandemic
2020–2022. Typing the adenovirus sequences showed that there was a
large outbreak of adenovirus F41, just before the norovirus GII outbreak.

3.2. Number of patient samples diagnosed with norovirus GII, astrovirus,
rotavirus, and adenovirus in 2017 and during the COVID-19 pandemic in the
Gothenburg region

In the Gothenburg region, the incidence of patients seeking medical
treatment for gastroenteritis declined by 28–32 % during the COVID-19
pandemic period of 2020–2021 compared to the 2846 cases reported in
2017 (Table 1). However, this trend was broken in 2022 when the
COVID-19 restrictions were removed in early February. During only
6 months, the total number of gastroenteritis cases reached to about 60 %
of the yearly number of cases before the pandemic. Among patients with
gastroenteritis, enteric viruses were significantly less often detected during
the pandemic (13.6–14.9 %) than in 2017 (25.3 %; p < 0.0001; Table 1).
This shows that the majority of those who had gastroenteritis during the
pandemic and sought medical help were not infected with the enteric vi-
ruses that are diagnosed for, which was verified in the wastewater survey.
The number of diagnosed cases infected with norovirus GII and rotavirus
decreased significantly in 2020 and 2021 compared to the number of
cases in 2017 (p < 0.0001; Table 1) and increased again in 2022. The inci-
dence of adenovirus and astrovirus cases exhibited a decline in 2020, albeit
not statistically significant when compared to 2017 (Table 1). However, in
2021, the incidence of astrovirus cases demonstrated a significant increase
(p = 0.0066; Table 1). Both before, during and after the COVID-19 pan-
demic, the viruses most often associated with gastroenteritis were caused
by norovirus GII, followed by adenovirus.

Further analysis of weekly changes in these viruses showed that the im-
plementation of COVID-19 control measures in Sweden resulted in an im-
mediate reduction in the number of patients diagnosed with norovirus
GII. This virus continued to be present at low levels in the community
until the end of 2021, when the restrictions were removed and its abun-
dance returned to pre-pandemic levels (Fig. 2A). It was also found that
the COVID-19 control measures did not decrease the number of total
cases of astrovirus infections or amount of viruses identified in the waste-
water compared to the corresponding amount in 2017 (Table 1 and
Fig. 2B). For rotavirus, there was a significant decrease in number of
cases during the pandemic period of 2020–2021 (Table 1 and Fig. 2C).



Fig. 1.Week variations in the concentrations of four different viruses, (A) norovirus GII, (B) astrovirus, (C) rotavirus, and (D) adenovirus, in influent wastewater during the
SARS-CoV-2 pandemic 2020–2022 (blue line) compared to the quantification of the same viruses during the prepandemic year of 2017 (red bar).
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Table 1
Number of samples sent to CML for diagnostic testing of gastroenteritis in the Gothenburg region during 2017 and 2020–2022 and number of samples tested positive for
norovirus GII, astrovirus, rotavirus, and adenovirus.

Year Total analyzed Total positive Norovirus GII Rotavirus Adenovirus Astrovirus

No. (%) p value No. (%) p value No. (%) p value No. (%) p value

2017 2846 721 (25.3 %) Ref⁎ 418 (14.69 %) Ref 99 (3.48 %) Ref 172 (6.04 %) Ref 32 (1.12 %) Ref
2020 1947 273 (13.6 %) <0.0001 128 (6.57 %) <0.0001 28 (1.44 %) <0.0001 101 (5.19 %) 0.22 16 (0.82 %) 0.37
2021 2041 305 (14.9 %) <0.0001 138 (6.76 %) <0.0001 31 (1.52 %) <0.0001 93 (4.56 %) 0.025 43 (2.11 %) 0.0066
2022# 1747 505 (29 %) 0.0082 247 (14.14 %) 0.63 50 (2.86 %) 0.26 147 (8.41 %) 0.0027 61 (3.49 %) <0.0001

# Until June 30, 2022.
⁎ Reference year.
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Prior to the pandemic, rotavirus had a distinct winter seasonality. The prev-
alence and seasonal pattern of adenovirus infections were comparatively
less impacted during the pandemic period of 2020–2021 (Fig. 2D). After
the removal of most COVID-19 restrictions, the number of diagnosed
cases for all viruses investigated in this study increased to a level that was
similar to or exceeded the level observed before the pandemic period.

4. Discussion

In this study, we show that the moderate Swedish COVID-19 interven-
tion strategies had a significant effect on seasonal transmission of human
enteric viruses, specifically norovirus GII and rotavirus. This was shown
as reductions of both the number of diagnosed cases and viruses in waste-
water. The data reported by public health agencies during the COVID-19
pandemic might not accurately reflect the actual prevalence of SARS-
CoV-2 in society, given the rapid increase in infections and limitations in
laboratory testing capacities. In this scenario, the monitoring of SARS-
CoV-2 in wastewater has been widely used to track the progress of
COVID-19 infections in communities (Izquierdo-Lara et al., 2021; Peccia
et al., 2020; Saguti et al., 2021; Wu et al., 2022). At the same time, the im-
plemented COVID-19 interventions also affected the spread of human en-
teric viruses, as measured by changes in the number of diagnosed cases in
the community, as reported from China, Japan and Germany (Fukuda
et al., 2021; Mack et al., 2021; Wang et al., 2021). However, these changes
may be underreported due to increased demands on healthcare systems
and individuals with mild gastrointestinal symptoms avoiding medical
attention during the pandemic. Our two-year observation of four
prevalent enteric viruses in Sweden revealed a correlation between
the seasonal changes in viral amount in wastewater and diagnosed cases
of enteric virus infections, suggesting that wastewater monitoring is a
practical and efficient means of tracking community gastroenteritis during
a pandemic.

The winter seasonality of norovirus GII and rotavirus in influent waste-
water observed in the non-pandemic year 2017was abruptly interrupted by
the introduction of SARS-COV-2 measures. Sweden chose a less strict inter-
vention strategy to limit transmission as compared with many other coun-
tries. There were no general lockdowns and no enforced quarantines for
infected individuals in Sweden, but other control measures, such as
recommending physical distance in public spaces, limiting public gather-
ings, work from home if possible, banned or limited visitors to hospital
inpatients or elderly care facilities, and increasing the test capacity, were in-
troduced to mitigate the pandemic (Ludvigsson, 2020). Although most of
the interventions were recommendations, not mandatory, people changed
their behaviors and hygiene habits (Blom et al., 2021; Gustavsson and
Beckman, 2020). These milder prevention recommendations protected
people not only from SARS-CoV-2 infections, but also from other viruses.
It should be noted that the rotavirus vaccine was introduced into the Swed-
ish national vaccination program and offered to younger children from Sep-
tember 2019 (Schollin, 2021). The vaccine provides immunological
protection against rotavirus infection to younger children born after the
start of the vaccination program,while older children could still become in-
fected, which may contribute to the low amount of rotavirus genomes in
wastewater during the COVID-19 pandemic.
5

The amount of viral genomes for norovirus GII, rotavirus, and adenovi-
rus had a surge in influent wastewater between week 9 and week 11, 2022.
Since December 2021, the Omicron variant of SARS-CoV-2 rapidly
displaced other variants, leading to the fourth wave of COVID-19 in
Sweden. This resulted in a dramatic increase in both the number of con-
firmed cases and the amount of SARS-CoV-2 genomes in wastewater
(Wang et al., 2022). Despite this, the Swedish government and the Public
Health Agency of Sweden chose to remove most COVID-19 restrictions on
9 February 2022 considering a high vaccination coverage in the population
and that the Omicron variant did not cause as serious illness as the previous
variants. Relaxation of COVID-19 control measures immediately led to a re-
surgence in the amount of viral genomes in wastewater and an increase in
cases of gastroenteritis. This surge could be due to people no longer keeping
social distance or wearing facemasks in public areas, and did not sanitizing
their hands as frequently as during the COVID-19 pandemic period.

Unlike norovirus and rotavirus, for which the COVID-19 interventions
had a clear effect on their seasonal variation in wastewater, the adenovirus
variation was less affected. Adenovirus was detectable in wastewater
throughout the pandemic in variations that matched those we observed
in 2017. Its viral genome abundance in wastewater reflected the number
of samples from patients with gastroenteritis caused by adenovirus, as it
did in 2017 (Wang et al., 2020). The surveillance indicated that several out-
breaks of adenovirus occurred in communities. Adenoviruses are known to
be relatively resistant to common disinfectants and can survive longer in
the environment (Vasickova et al., 2010). Good hygiene habits in close-
contact settings, such as daycare centers and schools, can decrease the
spread of human enteric viruses effectively, but not for adenovirus. Adeno-
virus may still survive and spread on contaminated subjects, such as toys
and towels, leading to sporadic cases and outbreaks. From April 2022, ade-
novirus was further typed in retrospective wastewater samples to deter-
mine the presence of adenovirus F41, which was suspected to be linked
to cases of acute hepatitis of unknown origin in children (Gutierrez
Sanchez et al., 2022). A suspected outbreak of adenovirus F41was detected
during the period of heightened adenovirus amount in wastewater. How-
ever, there was no acute hepatitis of unknown origin in children reported
in Gothenburg during this period.

The COVID-19 measures also had little effect on the weekly variantion of
astrovirus, and its genome in wastewater even increased in 2020–2021 com-
pared to the pre-pandemic levels. This discrepancy was also reflected in the
number of confirmed cases of astrovirus infection, which increased by 34 %
in 2021 compared to 2017. A recent study from Spain demonstrated that
astrovirus reduction due to pandemic non-pharmaceutical measures was
least pronounced among several tested gastrointestinal viruses (Maldonado-
Barrueco et al., 2022). Similar finding was reported from South Korea,
where the reduction rate for astrovirus is 7.0 %, far less than reduction rate
for norovirus (40.2 %) and rotavirus A (31.8 %) (Ahn et al., 2021). This is
probably because astrovirus mostly infects young children, and it is difficult
for them to adhere to good hygiene habits, like conscientious hand and
foodwashing, let alone those COVID-19 restrictions.Moreover, Sweden's pol-
icy of keeping day care and primary schools operational throughout the pan-
demic likely facilitated the circulation of astrovirus in young children. It was
noted that a respiratory syncytial virus (RSV) outbreakwas reported inwinter
2021–2022 during the pandemic (Folkhälsomyndigheten, 2022). RSV also



Fig. 2.Week variations in the concentrations of four different viruses, (A) norovirus GII, (B) astrovirus, (C) rotavirus, and (D) adenovirus, in influent wastewater during the
SARS-CoV-2 pandemic 2020–2022 (blue line) compared to the number of patients diagnosed with same viruses in Gothenburg area (red bar).
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infects childrenwho could not follow theCOVID-19 restrictions, and a similar
trend has been observed in many regions (Garg et al., 2022; Liu et al., 2022).
Furthermore, RSV genomes have been detected in wastewater (Hughes et al.,
6

2022), highlighting the need for additional research to evaluate the feasibility
of using wastewater surveillance as a tool for the early warning system of
respiratory viruses.
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This study contributes to our comprehension of how the Swedish
COVID-19 measures affect the spread of other common enteric viruses
in the community. This knowledge will be valuable in enhancing our
preparedness for future pandemics and epidemics. However, this
study has several limitations. Only the wastewater and clinical data
from 2017 were utilized as a representative baseline year. Despite
the absence of wastewater monitoring data from other years, the mon-
itoring of several calicivirus by the Swedish Public Health Agency re-
vealed that the spread of norovirus in society in 2017 was about the
same extent as the previous seasons (Folkhälsomyndigheten, 2018).
As a result, we have assumed that 2017 represents an average year
prior to the pandemic and have employed it as a reference for compar-
isons in this study. Nevertheless, the inclusion of wastewater data
from other years would have been beneficial in supporting our
conclusions. In addition, most of the COVID-19 control measures im-
plemented in Sweden are only recommendations, which were period-
ically evaluated and updated by the Swedish Public Health Agency to
align with the dynamic nature of the pandemic situation. These vague
and constantly updated recommendations present a challenge in
quantifying the impacts of various COVID-19 interventions on the
levels of viruses present in wastewater. Further studies are needed to
investigate the efficacy of implementing specific restrictions or recom-
mendations in effectively reducing the transmission of viruses, both
within the community and in wastewater, which would be beneficial
for managing future pandemics.

In conclusion, this study showed that the number of confirmed cases
and the amount of viral genomes in wastewater for norovirus GII and ro-
tavirus decreased significantly during the COVID-19 pandemic
2020–2021, and rapidly rebounded in 2022. These changes
corresponded to the changes in the Swedish COVID-19 interventions.
Measures, such as keeping social distance and having good hygiene
habits, could effectively limit the transmission of some enteric viruses
in society, and ultimately protect the risk groups. Monitoring of
human enteric viruses in wastewater has proved to be a useful epidemi-
ological tool for understanding their emergence and spread in society
during and after the pandemic period.
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