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SARS-CoV-2 was discovered among humans in Wuhan, China in late 2019, and then spread rapidly, caus-
ing a global pandemic. The virus was found to be transmitted mainly by respiratory droplets from in-
fected persons or by direct contact. It was also shown to be excreted in feces, why we investigated
whether the virus could be detected in wastewater and if so, to which extent its levels reflects its spread
in society. Samples of wastewater from the city of Gothenburg, and surrounding municipalities in Swe-

Keywords: den were collected daily from mid-February until June 2020 at the Rya wastewater treatment plant. Flow
COVID-19 proportional samples of wastewater were collected to ensure that comparable amounts were obtained
Surveillance for analysis. Daily samples were pooled into weekly samples. Virus was concentrated on a filter and
Sewage analyzed by RT-qPCR. The amount of SARS-CoV-2 varied with peaks approximately every four week, pre-

ceding variations in number of newly hospitalized patients by 19-21 days. At that time virus testing for
COVID-19 was limited to patients with severe symptoms. Local differences in viral spread was shown by
analyzing weekly composite samples of wastewater from five sampling sites for four weeks. The highest
amount of virus was found from the central, eastern, and northern parts of the city. SARS-CoV-2 was also
found in the treated effluent wastewater from the WWTP discharged into the recipient, the Go6ta River,
although with a reduction of 4-log;o. The viral peaks with regular temporal intervals indicated that SARS-
CoV-2 may have a cluster spread, probably reflecting that the majority of infected persons only spread
the disease during a few days. Our results are important for both the planning of hospital care and to
rapidly identify and intervene against local spread of the virus.

© 2021 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

transmission is mainly through respiratory droplets, but may also
spread by contact with contaminated surfaces (Biryukov et al.,

1. Introduction

The SARS-CoV-2 virus responsible for outbreaks of severe acute
respiratory disease COVID-19 in Wuhan, China in late 2019 is a
single stranded RNA virus of 30kb. It was found to be genetically
similar to the coronavirus that caused severe acute respiratory
syndrome (SARS) in 2002-2003, and to two coronaviruses infect-
ing bats (Chan et al., 2020; Lu et al, 2020). Since its detection
it has caused a large global pandemic with many deaths. Virus
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2020). SARS-CoV-2 does not only infect the upper respiratory tract
and the lungs, but also ilium and colon, where cells express the
virus receptor angiotensin converting enzyme 2 (ACE2) in compa-
rable levels to lung cells (Hamming et al., 2004; Zhang et al., 2020).

Although SARS-CoV-2 RNA has been detected in stool samples
from infected individuals (Bwire et al., 2020; Wu et al., 2020c;
Xu et al, 2020), and may cause diarrhea (Chen et al, 2020;
Cholankeril et al., 2020) transmission by ingestion of contami-
nated food or the fecal-oral route has not been proven. Shedding
of SARS-CoV-2 in feces may be common from patients with few
symptoms as proposed from a study in the USA, showing a higher
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amount of viruses in wastewater than would be expected from the
number of diagnosed patients (Wu et al., 2020). Since SARS-CoV-
2 is excreted in feces it is also found in wastewater as has been
shown in studies from several countries affected by the pandemic
(Ahmed et al., 2020; Ahmed et al., 2020b; La Rosa et al., 2020;
Nemudryi et al., 2020; Orive et al., 2020; Randazzo et al., 2020;
Rimoldi et al., 2020; Venugopal et al., 2020). Wastewater based
surveillance has been used to identify the spread of wild and vac-
cine derived polioviruses (Asghar et al., 2014; Hovi et al., 2012;
Shulman et al., 2014) . It may also provide early warnings on out-
breaks of norovirus and hepatitis A in society (Farkas et al., 2018;
Hellmér et al., 2014). The excretion of SARS-CoV-2 in wastewa-
ter has so far, however, not been used to prospectively follow
outbreaks by quantifying SARS-CoV-2 in consecutive wastewater
samples for a longer period. This study was conducted to investi-
gate if detection and quantification of SARS-CoV-2 in weekly sam-
ples can provide insight into whether there are both regional and
quantitative variations of virus during a longer follow-up during
the outbreak. Such an analysis may be used as an early warn-
ing for future outbreaks since it reflects the number of people
who become ill with COVID-19, a portion of whom may require
hospital care.

2. Materials and methods
2.1. Wastewater sampling

Influent and effluent wastewater samples were collected from
the Rya wastewater treatment plant (WWTP), in Gothenburg, Swe-
den between February 10 and July 5, 2020. The Rya WWTP treats
wastewater from nearly 800 000 inhabitants in the Gothenburg
region on Sweden’s west coast. The WWTP and tunnel system is
owned and operated by Gryaab AB, a company fully owned by the
municipalities it serves. The WWTP receives wastewater also from
industry and from infiltration/inflow from older parts of the city.
Flow proportional daily samples of influent wastewater were taken
to ensure that the amount of wastewater from each household was
comparable between sampling periods, as variation in influent flow
are largely dependent on the amount of precipitation. The weekly
variations of the influent flow during the sampling period is shown
in Supplementary Fig. B1. The treated effluent from the WWTP, it
is discharged into the Gota River estuary.

The influent wastewater was sampled over 24 hours using a
fixed-site sampler, which was routinely used at the WWTP for
monitoring the wastewater. The volume collected was proportional
to the amount of influent wastewater. A composite daily sam-
ple contained 30mL wastewater per 1000 m3 influent wastewa-
ter taken over a 24-hour period between 07:00 day 1 until 07:00
day 2. These samples were combined into weekly samples by pool-
ing the daily samples obtained during a given week. For virus
analysis, 1.93% of the total weekly samples were used for analy-
sis week 7 to 18, 3.85% of the total weekly samples from week 19
to 22 and from week 23 and onward 7.72% of the sampled volume
was used for virus analysis. The virus sample volume was succes-
sively increased to simplify sample processing of the wastewater
though a Nano-Ceram filter (Argonite Cooperation, Florida, USA),
since larger amounts of water are easier to filter when using de-
vices with 10L canisters and N;,_gas to press the water through the
filter. In total, 21 weekly samples were analyzed and designated
week 7- 27. The volume for the weekly virus samples ranged from
0.975 to 5.79 liters and the samples were kept frozen at -20°C until
processed.

Wastewater samples from five samplings stations, receiving
wastewater from different regions of Gothenburg (Fig. 1) were
collected for three weeks (week 21-23). Samples from sampling
points 2 and 3 were also collected week 20. The sampling sta-
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Fig. 1. Area covered by local collection points from which wastewater was sampled
in this study. The wastewater from collection point 2 also passes through collection
point 1.

tions collected 0.5L wastewater per day for 4 days (time propor-
tional). On two occasions the sampler clogged and a grab sam-
ples were taken instead (Supplemental Table A1). Preparation of
all influent virus samples was performed at the Clinical Micro-
biology Laboratory (CML) at Sahlgrenska University Hospital in
Gothenburg.

For analysis of the treated effluent wastewater from the WWTP,
a Nano-Ceram filter was connected to the flow pipeline before the
treated water was discharged into the Gota River. The flow rate
through the filter was set at 8 L/min and the sampling lasted for
24 hours resulting in about 11,500L of treated wastewater passing
through the filter. In total 14 samples were collected by each week
taking a daily sample between Monday to Tuesday week 14 until
week 26 (March 31 until June 30 in 2020). After on-site sampling,
the Nano-Ceram filter was kept moist in a plastic bag and shipped
to CML for analysis.

Sampling date, flow and volume of influent and effluent sam-
ples are given in Table 1.

2.2. Concentration of viruses in influent and effluent samples

Viruses in samples obtained from week 7 until week 11
were concentrated by milk powder as described previously
(Hellmer et al., 2014). During week 19 and week 20 the sam-
ples were analyzed in parallel by adsorption to milk powder or
to Nano-Ceram filter. The latter technique was found to be about
50 times more sensitive than adsorption to milk powder for SARS-
CoV-2 detection. Stored samples from previous weeks (week 11
-18) were re-concentrated by adsorption on Nano-Ceram filters,
which were subsequently used for the concentration assay (Sup-
plementary Table A2).

Viruses concentrated from the influent wastewater samples by
adsorption to Nano-Ceram filters were eluted from the filter fol-
lowed by ultracentrifugation as described previously (Wang et al.,
2018). For the treated effluent water samples, viruses were eluted
from the Nano-Ceram filters by adding 5% Beef extract, 0.2 M
phosphate buffer containing 0.05 M Glycine (pH 9.5), and there-
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Table 1
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Weekly determinations of amount/L and relative amount of SARS-CoV-2 genomes identified in weekly composite influent wastewater samples and daily effluent wastew-

ater samples.

Sampling week Sampling date - time Mean flow Volume Amount of SARS-CoV-2/L Relative amount of
(Month Day m?3/second analyzed (L) wastewater (logy) SARS-CoV-2
hour:minute)

Incoming wastewater

7 February 10-16
7.75 2.65 <3 NA

8 17-23
8.46 2.91 4.23 5.7

9 24- March 02 6.12 2.09 <3 NA

10 March 03-09 4.78 1.65 <3 NA

11 10-16 7.09 3.22 3.90 1

12 17-23
5.12 1.90 4.90 16

13 24-30 3.37 1.00 5.61 16

14 31- April 06 3.22 1.13 6.27 82

15 07-13 3.17 1.12 533 9.5

16 14-20 2.96 1.02 4.96 3.7

17 21-27 2.75 0.98 5.74 21

18 28- May 04 3.74 2.6 5.31 21

19 05-11 3.00 2.12 6.15 59

20 12-18 2.78 1.95 4.67 3.6

21 19-25 3.13 3.30 5.10 16

22 26- June 01 2.70 2.84 5.77 66

23 02-08 3.03 4.21 5.25 30

24 09-15 2.60 3.65 4.82 9.5

25 16-22 2.96 4.17 532 34

26 23-29 3.06 450 5.51 58

27 29- July 06 4.14 5.79 4.44 6.3

Treated wastewater 8L/min

14 March 31- April 1 11,600 1.80
9:35-9:45

15 April 06- 07 8:35-8:25 11,510 1.42

16 April 14- 15 8:15-8:14 11,512 0.84

17 April 20- 21 8:15-7:45 11,280 1.82

18 April 27- 28 8:22-8:18 11,504 1.87

19 May 04 - 05 8:45-8:13 11,264 0.58

20 May 11 - 12 8:38-8:14 11,328 0.14

21 May 18- 19 8:33-8:08 11,336 0.52

22 May 25- 26 8:56-8:21 11,248 1.38

23 June 05- 06 7:40-7:50 11,600 1.10

24 June 08 - 09 8:33-8:05 11,304 1.43

25 June 15- 16 7:20-7:33 11,624 1.26

26 June 22 -23 8:28-8:02 11,312 1.47

27 June 29 - 30 7:45-7:44 11,520 1.80

after further concentrated by ultracentrifugation as previously de-
scribed (Wang et al., 2018). The resulting pellet was suspended in
2.4 mL 10 mM Tris-HCl (pH 8.0) buffer and stored at -80°C until
analyzed.

2.3. Sensitivity assay

The amount of human coronavirus 229E (ATCC VR-740) in
100pL of a stock solution was determined by RT-qPCR of serial
10-step dilutions after nucleic acid extraction with DNeasy Blood
and Tissue kit (Qiagen, Hilden, Germany) according to the man-
ufacture’s instruction. The RT-qPCR was performed with primers
and probe as previously described (Lundin et al., 2014). To deter-
mine the sensitivity of the assay to concentrate coronaviruses 2.1
10" genomic equivalents of human coronavirus 229E were added
to 1L of wastewater and adsorbed to Nano-Ceram filter as per-
formed for the sampled wastewater. One mL samples of the wa-
ter were collected from the wastewater before and after addition
of the virus, from the water that passed through the filter, from
the buffer eluted from the filter, from the supernatant and from
the dissolved pellet after ultracentrifugation. All samples were an-
alyzed in triplicate by RT-qPCR in 10-step dilutions, undiluted to

10-3. Primers and probes used are given in Supplementary Table
A3.

2.4. Detection of SARS-CoV-2 and enteric viruses in wastewater by
RT-qPCR

Total nucleic acids were extracted from 200 pL dissolved pel-
let after ultracentrifugation using the DNeasy Blood and Tissue kit
(Qiagen, Hilden, Germany) according to the manufacture’s instruc-
tion. The nucleic acids were eluted with 200 pL elution buffer (Qi-
agen). RT-qPCR was performed for detection of SARS-CoV-2. The
qPCR was performed on a 7300 Fast Real-Time PCR system (Ap-
plied Biosystems), and all samples were tested in triplicate. The
reaction was performed in a 50uL reaction mixture containing 10
pnL RNA, 1x Reaction Mix (Invitrogen), 20 U RNaseOUTTM (Invit-
rogen), 1 pL SuperScript® IlI/platinum® Taq Mix (Invitrogen), and
0.3 pM of each primer, and 0.2 uM of probe. The qPCR was ini-
tiated with reverse transcription at 46°C for 30 min followed by
one cycle of 95°C for 10 min and 45 cycles of 95°C for 15 sec and
56°C 1 min. Primers and probes used are listed in Supplementary
Table A3. Four ten-fold serial dilutions (1/10* - 1/107) of a 2ug/mL
PEX-A128-Wuhan nCov 2plasmid (Eurofinns genomics) containing
the target regions was used as positive control in all RT-qPCR anal-
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yses and W4502 sterile water (Sigma Life Science) was used as
negative control. Analysis of other fecal/oral transmitted viruses
was used for control of the extraction and concentration technique
(Wang et al., 2020)

The samples were also analyzed for norovirus G, GII, and GIV,
sapovirus, adenovirus and astrovirus by qPCR as previously de-
scribed (Hellmer et al., 2014). The reaction was performed in a
25 pL reaction mixture containing 5 pL extracted nucleic acids,
1 x TagMan Universal Master Mix (Applied Biosystems, Foster
City, CA, USA), 6 pL of H,0, and 0.6 uM of each primer and
0.2 pM of probe. The RT-qPCR reactions were performed with
initial one cycle at 50°C for 2 min and 95°C for 10 min, fol-
lowed by 45 cycles of 95°C for 15 s and 55°C for 1 min for all
viruses except for adenovirus, which had an extension at 60°C
for 1 min. All qPCRs were performed on the 7500 Fast Real-Time
PCR system (Applied Biosystems) and all samples were analyzed in
duplicate.

2.5. Number of identified viral genomes

Serial dilutions of a plasmid containing all targeted viral regions
inserted into the EcoRV site of a pUC157 plasmid (pUC57cl; Gen-
Script HK, Ltd., Hong Kong) were used as positive controls in the
RT-qPCR assays. The Ct values obtained were used to calculate the
number of viral genomes in the wastewater samples by performing
linear regression of the Ct value obtained from the serial dilutions
of the pUC157 plasmid (Wang et al., 2018).

The estimated number of viruses in the influent wastewater per
week, Yj,, was calculated by the formula, Y;,=(X,*100)/(N*Z%),
Xin is estimated number of viral genomes in wastewater based
on the RT-qPCR assay (without consideration of 80% loss); X*100
is the total amount of viruses in the sample analyzed (2,400uL
of diluted pellet after ultracentrifugation/25uL used for RT-qPCR),
N is the fraction of wastewater obtained out of the total in-
fluent of waste water during the week. For weeks 7 to18 N=
5.79 x 10710; for weeks 19 to 23 N=1.74 x 10~° and for weeks
24 to 27 N=2.31 x 1079, Z is the efficiency of virus concentration
in wastewater by the technique used as determined previously to
15% for adenovirus and assumed for the other fecal transmitted
viruses (Wang et al., 2018), and 6% for SARS-CoV-2 as determined
in this study.

The number of SARS-CoV-2 genomes per L and day was
calculated according by the formula for the influent wastew-
ater  W;,=(Y;,/7)/((F*60*60*24)*1000*6%), where F is the
wastewater flow (m3/second; Table A2). For the treated ef-
fluent wastewater it was calculated according to the formula
Wour=(Xout*100)/(Aout*6%), where Xour is calculated as for X;,,
Aoyt is the amount of liters of purified wastewater that had passed
through the filter (Table 1).

The relative amount of viral genomes per liter wastewater was
calculated by dividing the amount of viral genomes in the sample
with the amount of SARS-CoV-2 genomes in the influent wastewa-
ter during week 11, which was the first week where all subsequent
weeks contained detectable SARS-CoV-2 genomes.

The amount of genomes per L and day at the five different sam-
pling stations was calculated according to the formula Wy = ((Xreg/
Ly *100)/Freg*6%), where x is the sampling station number. Xeg is
the estimated number of viral genomes in wastewater based on
the RT-qPCR assay, L is the volume analyzed, Freg is the fraction of
collected wastewater from the total flow, 6% the recovery rate of
viral genomes. Freg was calculated according to the formula Freg=
(C/D)/(((F*60*60*24)*1000)*Q) where C is the number of collected
liters of waste water. D is the number of collection days; Q is the
percentage of the total flow into to the WWTP passing the collec-
tion point.
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3. Results
3.1. Sensitivity assay

The titre of a stock solution of human coronavirus 229E was
determined by RT-qPCR of tenfold dilutions to 3.6 x 108 genomes
per 5uL stock solution. To 1L of wastewater 2.5mL of the stock so-
lution 229E (2.1 x 10! genome equivalents) was added. In the fi-
nal pellet 1.24 x 10'° genome equivalents were recovered, which
corresponds to 5.9 % of the number of genome equivalents in the
original sample. Table 2 shows the recovery rate between each of
the concentration steps.

3.2. Comparison of the assays

In the beginning of the study, viruses were concentrated by
flocculation and adsorption to milk powder. To compare the two
techniques available, viruses were concentrated both by adsorption
to milk powder and to Nano-Ceram filters during weeks 19 and
20. The milk powder technique was about 50-times less sensitive
than the Nano-Ceram technique for detection of SARS-CoV-2 (Ta-
ble A2). However, it was equal or nearly equally sensitive for fecal
transmitted viruses as norovirus GII, sapovirus and astrovirus and
somewhat less sensitive for detection of adenovirus and more sen-
sitive for detection of rotavirus (Table A1). The Nano-Ceram tech-
nique was subsequently used and stored previous wastewater sam-
ples from weeks 11 - 18 were reanalyzed by this technique.

3.3. Detection of SARS-CoV-2

The wastewater sampling started in week 7 (February 11-17,
2020), which was the winter break week for schools in Gothen-
burg. The virus was detected in the sample from week 8 (Febru-
ary 18-24, 2020), but not in the samples from weeks 9-10, but
reappeared again in week 11 (March 10 to 16) and was detected
in all subsequent samples until the end of the study in week 27
(June 29 to July 6) (Table 1). The amount of detectable SARS-CoV-2
genomes in the total wastewater flow entering the treatment plant
week 11 was used as a reference. The amount found in the sub-
sequent samples were related to the amount found in this sample,
which was set as 1 (Table 1). There were four peaks of SARS-CoV-2
during the sampling period, weeks 14,19, 22 and 26 (Fig. 2). These
peaks coincided with the peaks of SARS-CoV-2 in treated effluent
wastewater (Fig. 3), although in the treated effluent the concentra-
tion of viral genomes per L wastewater was approximately 4-logg
lower than in the influent wastewater. The SARS-CoV-2 peaks in
wastewater preceded the peaks of number of hospitalized patients
with COVID-19 at Sahlgrenska University Hospital by three to four
weeks (Fig. 2).

3.4. Local differences in prevalence of SARS-CoV-2

Since there were four distinct peaks of SARS-CoV-2 genome
equivalents with regular intervals of three to four weeks, possi-
ble local differences in prevalence within Gothenburg were inves-
tigated during a four-week period (weeks 20 to 23). Five differ-
ent sampling points were selected, each covering one part of the
city (Fig. 1). In samples from three of the collection points 1, 2
and 4, covering the north-east and central part of the city, there
was a peak of viral genomes week 22, which coincided with the
peak observed in the influent wastewater at the WWTP that week.
The relative amount of SARS-CoV-2 increased from 0 - 5 times to
42-105 times of the amount found in week 11 in the wastewa-
ter. At collection point 5, covering the southern part of the city,
there was an increase of 86 times of the amount found in week 11
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Table 2
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Amount of coronavirus 229E detected during the different concentration steps.

Volume  Total logyo viral genomes % recovery

wastewater without 229E virus addition 1L 0

Wastewater after 229E addition 1L 11.32 100%

In effluent 1 not bound to the Nano-Ceram Filter 1L 10.33 10.33%

In effluent 2 not bound to the Nano-Ceram Filter 1L 9.63 2.0%
Effluent from bound viruses to the Nano-Ceram filter =~ 300mL 10.04 5.2%
Supernatant after ultracentrifugation 300 mL  9.20 0.8%
Dissolved pellet after ultracentrifugation 2.4 mL 10.10 5.9%

_ 90 180
g 2
o o
580 160 g
@ O
270 140 £
:
2 60 120 £
= c
£ S
£, 100 &
('IV ©
3 @
Q 40 80 ©
wv) —
& 2
(o]
<30 60 <
o =
b= =
[ =
320 40 2
= e
10 20 ©
Q Re
£ -
T 0 0o =
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
week

=@==relative amount of SARS-CoV-2 in influent wastewater

=@==number newly hospitalized patients with COVID19

Fig. 2. Relative amount of SARS-CoV-2 genomes in influent wastewater per week in relation to the number of newly hospitalized patients in Gothenburg. The time difference
between peaks of viral genomes and newly hospitalized patients are indicated with red arrows.

in the wastewater in week 23, while the wastewater from collec-
tion point 3, covering the western part of the city, had low level of
SARS-CoV-2 genomes throughout the four weeks analyzed (Fig. 4).

3.5. Enterically transmitted viruses in wastewater

All wastewater samples were also analyzed for caliciviruses
such as norovirus GII and GIV and sapovirus, and for rotavirus, as-
trovirus and adenovirus. The level of rotavirus and norovirus GII
were relatively high the first 8 weeks, and declined thereafter,
while the levels for the other viruses was rather constant dur-
ing the study period with some elevations of adenoviruses (Fig.
S2). There was no apparent covariation in genome levels of these
viruses and SARS-CoV-2.

4. Discussion

There were weekly variations in the concentration of SARS-CoV-
2 genomes in wastewater with distinct peaks of viruses occurring
in three to four-week intervals. This indicated cluster transmis-
sion of COVID-19 in Gothenburg during the study period, and that
the period of transmission may be rather short. Few studies have
reported longitudinal monitoring of SARS-CoV-2 in wastewater
over several months. One study from Massachusetts followed the

amount of virus in wastewater between March and May 2020 and
could show some fluctuations with an increase of viral genomes
until mid-April and thereafter a declining trend (Wu et al., 2020a).
In this study we found a correlation between the increase in con-
centrations of viral genomes in wastewater and the number of
newly hospitalized patients with COVID-19 with the former pre-
ceding the latter by three to four weeks. The transmission of virus
usually precedes the hospitalization by 2-3 weeks corresponding
to an incubation period of 2-14 days followed by hospitalization
approximately one week after the onset of symptoms (Bi et al.,
2020). The discovery of repeated peaks observed in this study and
the only peak in Massachusetts may be due to the profound differ-
ences in strategies to mitigate the outbreak between Sweden and
the United States. In Massachusetts, there was a state school clo-
sure on March 17 and advice for everyone to stay at home from
March 24, while in Sweden there has been no lockdown of soci-
ety. Residents have instead been advised to adhere to good per-
sonal hygiene, physical distancing, working from home, and mini-
mize travelling as much as possible (The-Public-Health-Agency-of-
Sweden, 2020). Day care and primary schools have been kept open
during the pandemic.

Many different techniques have been used for concentrating
SARS-CoV-2 from wastewater, for example flocculation to beef ex-
tract or aluminium hydroxid adsorption (Mlejnkova et al., 2020;
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Randazzo et al., 2020), direct ultracentrifugation of the waste wa-
ter (Prado et al., 2020), polyethylene glycol precipitation (Wu et al.,
2020a) or filtration through 0.22pm Millipore filters (Rimoldi et al.,
2020). When two techniques for detection of viruses were ap-
plied in this study, flocculation and adsorption to milk powder
and adsorption to Nano-Ceram filter, it was evident that the Nano-

Ceram filter was more sensitive for SARS-CoV-2 but both tech-
niques had equal sensitivity for detection of fecal-oral transmitted
viruses. The reason for this may be that the milk powder did not
adsorb enveloped viruses and only the non-enveloped SARS-CoV-2
nucleocapsids were adsorbed, while both encapsidated and non-
encapsidated were adsorbed to the Nano-Ceram filter. There is a
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need for a reference technique with which different studies could
be compared. By using all these different techniques, the relative
amounts of viruses in wastewater in the investigated region could
be determined, but the amount of virus could be difficult to com-
pare between studies.

The variations of genome levels of SARS-CoV-2 in the influent
wastewater in this study correlated well with the concentration of
genomes found in the treated effluent wastewater, with a 4-logyg
reduction in the amount of genomes in the effluent compared to
the influent wastewater. This finding supports the sharp variation
in virus concentration found in the influent wastewater, and prob-
ably reflects the variation of infected individuals in the commu-
nity as was stated for Massachusetts (Wu et al., 2020a). If only 60-
70 % of the infected humans excrete the virus as has been shown
in China (Wu et al., 2020c; Zheng et al., 2020) there must be a
substantial number of infected individuals not requiring hospital-
ization, most of whom will likely remain undiagnosed. The sharp
peak of virus genomes in only one week followed by a rapid de-
cline, indicates both that there may be cluster spread and that ex-
cretion of higher amounts of viruses only last for a short period,
thus contrasting to the findings from China (Wu et al., 2020c).
The reason for this difference may either be a genetic difference
in virus strains prevalent in China and Europe, since according to
the open

-source project Nextstrain, five larger clades of SARS-CoV-2
have been identified so far (Hadfield et al., 2018). Another reason
may be that many persons with subclinical infection more often
excrete the virus in feces than those with clinical infections, who
were investigated in the Chinese studies.

Analysis of wastewater from five different sampling points, cov-
ering different parts of Gothenburg showed differences in local in-
cidence of SARS-CoV-2 in the city. During the four weeks of sam-
pling there was a high concentration of viruses in the wastewa-
ter from the northern and north-western part of the city during
one week, while the amount of genomes seemed to increase in the
wastewater from the southern part at the end of the study period.
This clearly indicates a patten of cluster spread and that analyses
of wastewater originating from different regions enables the de-
tection of local outbreaks rapidly before the occurrence of more
severe cases. Such monitoring would be beneficial for both public
health to track and mitigate the spread and for hospital authorities
planning the availability of hospital beds and care needs.

The genome levels of five fecally transmitted viruses in the an-
alyzed wastewaters were similar or lower than during the same
period in 2014 and 2017 in the same region (Hellmer et al.,
2014; Wang et al., 2020) and did not covariate with the levels of
SARS-CoV-2. There were normal numbers of reported cases with
norovirus infection (Norwalk infection, winter vomiting disease)
during weeks 7 and 9, while it declined during week 11 when
the outbreak usually peaks. Thereafter the number of reported
cases rapidly declined to very few cases (Swedish-Public-Health-
Agency, 2020). This pattern was reflected in our study by the con-
centration of these viruses in wastewater and may indicate that
the advice from the authorities to the public to practice good hand
hygiene, keep physical distance, work from home, etc. have had
effect also on the transmission of these viruses with fecal-oral
spread.

The fourth peak of SARS-CoV-2 genomes found in the wastewa-
ter from Gothenburg during week 22 (May 26 to Junie 1), was not
followed by an increase of newly hospitalized patients. The reason
for this remains unclear, but may in part be explained by that peo-
ple were outdoors more with less risk for transmission and that
other coronavirus infections in general get milder during summer
months, or that the COVID-19 infected were younger, who often
get mild illness, than older persons, who more often need hospital
care (Brittain-Long et al., 2012; Gaunt et al., 2010). There may also
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be genetic changes of the viral genome during the spread between
many hosts, thereby inducing lower virulence, or lower induction
of the host immune response, which often is the reason for the
manifestations of COVID-19.

This study showed that detection and quantification of SARS-
CoV-2 in wastewater may be used to identify the prevalence of the
virus in society, as well as to often, but not always, predict immi-
nent hospitalization needs, especially when availability of patient
testing is limited to those with severe symptoms. The disease dy-
namics in a community can thus be quantifiably monitored and
used as an early warning of outbreaks. If wastewater could be col-
lected from different regions of a city, as done in this study, an ob-
served increase in a specific region could facilitate contact tracing
for public health representatives. It can be especially important to
monitor such fluctuations throughout the year, since it mirrors the
number of infected individuals in the population. An increase may
not always reflect an immediate need for increased burden for the
health care but reflects that the virus is prevalent in society. This
is important if there are seasonal differences in the manifestations
of the disease with more severe cases during autumn and winter.
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