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• Spread of SARS-CoV-2 in residences and
general population closely followed
trends of the local and surrounding com-
munities.

• Maximum daily detection frequency for
seven dormitories considered was about
75%.

• Maximum daily reported case numbers
were 11 people for residences and 75 peo-
ple for campus-wide

• Passive sampling inwastewater-based sur-
veillance can be useful in monitoring
SARS-CoV-2 spread in a small population.

• RT-qPCR analysis of university residence
wastewater can be a cost-effective alterna-
tive to invasive individual testing.
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Wastewater-based surveillance (WBS) has been an effective tool for monitoring and understanding potential SARS-
CoV-2 transmission across small and large-scale communities. In this study at the University of Saskatchewan, the as-
sessment of SARS-CoV-2 was done over eight months during the 2021–2022 academic year. Wastewater samples were
collected using passive samplers that were deployed in domestic sewer lines near adjacent campus residences and ex-
tracted for viral RNA, followed by Reverse Transcription quantitative Polymerase Chain Reaction (RT-qPCR). The re-
sults showed similar trends for SARS-CoV-2 detection frequencies and viral loads across university residences, the
whole campus, and from related WBS at Saskatoon Wastewater Treatment Plant. The maximum daily detection fre-
quency for seven dormitories considered was about 75 %, while maximum daily case numbers for the residences
and campus-wide were about 11 and 75 people, respectively. In addition, self-reported rates of infection on campus
peaked during similar time frames as increases in viral load were detected at the Saskatoon wastewater treatment
plant. These similarities indicate the usefulness and cost-effectiveness of monitoring the spread of COVID-19 in
small-scale communities using WBS.
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1. Introduction

Wastewater-based surveillance (WBS) has been used worldwide for
surveillance of municipal wastewaters to determine the spatiotemporal
spread of the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) responsible for the COVID-19 pandemic (Daughton, 2020; Xie
et al., 2022). The monitoring of municipal wastewaters has been of increas-
ing value to stakeholders as WBS has been shown to be a leading indicator
(2 to 7 days; Peccia et al., 2020; D'Aoust et al., 2021) of COVID-19 out-
breaks and viral caseloads given its ability to monitor asymptomatic and
pre-symptomatic populations shedding virus in feces (Ahmed et al., 2020;
Graham et al., 2021; Habtewold et al., 2022). WBS for COVID-19 has
been accomplished at several scales (i.e., from individual buildings to
large cities) using a variety of sampling methods (i.e., grab to composite
sampling) with analysis of SARS-CoV-2 RNA concentrations being done
with a diverse suite of instruments (i.e., traditional ‘gold-standard’ to pro-
prietary systems such as the currently assessed LuminUltra platform). The
initial focus of COVID-19 WBS globally was on larger, city-size sewersheds
typically served by composite autosamplers using costly, limited availabil-
ity, and time-intensive custom real-time quantitative PCR workflows
(Kitajima et al., 2020). However, more recent attention has been on the de-
velopment of passive sampling strategies with analysis using ‘off the shelf’
low cost and effort instrumentation that can bemademore readily available
to stakeholders at a smaller scale.

Recently WBS has included monitoring of apartment buildings (Wong
et al., 2021), student hostels (Chelvan, 2021), worker dormitories
(Mohan, 2020), and university residences (Corchis-Scott et al., 2021;
Scott et al., 2021; Vo et al., 2022; Wang et al., 2022), the latter of which
are the focus of the current study. Continuous sampling using autosamplers
has been considered to be the optimal method for wastewaters given they
allow for attenuation of flow fluctuations over time with resultant samples
being a more accurate composition of daily wastewater flows (Habtewold
et al., 2022). However, Habtewold et al. (2022) also clearly express the lim-
itations of autosamplers including potential issues with sites such as limited
security, access to power, location of sampling, etc. A potential option to
overcome these obstacles is the use of grab sampling (e.g., Scott et al.,
2021 for university campus sampling), however, these are sub-optimal
given these are only a ‘snapshot’ of the wastewater at the time of the sam-
pling. To resolve this apparent dilemma, passive sampling methods have
been developed and have become of great interest recently. These tech-
niques normally encompass placing sorbent materials in the wastewater
stream for a duration of about 24 to 72 h. This passive sampling has been
assessed including a variety of materials (e.g., Moore swab electronegative
membrane filters) (Hayes et al., 2021) and sampling durations (Habtewold
et al., 2022). Interestingly, the Moore swab methodology has been used for
two recent university campus-based wastewater surveillance studies
(Corchis-Scott et al., 2021; Wang et al., 2022). Clearly, for smaller-scale
WBS, passive sampling is a cost-effective and efficient methodology for
sample collection.

Initially, thewastewater surveillance of COVID-19 only used costly time
and labour-intensive RNA extraction and quantification methodologies. In
addition, sample transportation and shipping logistics to centralized labora-
tories capable of performing the analysis typically led to delays of hours to
days for determination of SARS-CoV-2 viral loads, thus negating the ‘early
warning’ potential of this type of surveillance (Larsen and Wigginton,
2020; Daigle et al., 2022). Over time, there has been a development of
fast and relatively inexpensive instruments such as the GeneXpert (Daigle
et al., 2022) and the LuminUltra GeneCount system (Hayes et al., 2021),
among others. While thesemethods are still based on RT-qPCR chemistries,
kits and instruments have been optimized to be easily employed in
point-of-care settings or by wastewater treatment plant (WWTP) opera-
tors, respectively. Many such technologies have shown promise in their
ease of use, low costs, and accurate detection of SARS-CoV-2 virus when
compared to ‘gold-standard’ methods. Thus, these types of instruments
are quickly becoming viable options for WBS during the COVID-19 pan-
demic with potential future benefits for WBS of other viruses.
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Clearly the combination of passive sampling and off-the-shelf, simple in-
strumentation has become a promising method forWBS of SARS-CoV-2, es-
pecially for smaller-scale applications. However, further study is necessary
to determine the robustness of passive sampling and the effectiveness of
simple instruments for determination of SARS-CoV-2 in wastewater. Thus,
the current study presents the assessment of SARS-CoV-2 in wastewater of
student residences at the University of Saskatchewan, Saskatoon, Canada,
using the LuminUltra GeneCount instrument. This study includes a 5-day
a week assessment of the virus for seven residence locations using the pas-
sive sampling technique over an 8-month duration. In addition, results of
the surveillance are compared with both the residence and campus-wide
daily self-reported cases. Further, a comparison of the campus results is
made against the City of Saskatoon wastewater treatment plant viral
loads starting in August 2021, which have been determined as part of a re-
search collaboration involving co-authors of this current study (Xie et al.,
2022; Oloye et al., 2022). This combination of results provides a unique
perspective comparing the small-scale and large-scale analysis, while also
comparingwastewater surveillance and clinical case data at the small-scale.

2. Methods

2.1. Passive sampler processing and deployment sites

The passive samplers used in this study were based on a novel design
meant to resemble a torpedo as developed and tested by Schang et al.
(2021) (Fig. 1A). These samplers were designed to allow for easy shedding
of debris in the wastewater line while also being weighted enough to allow
the sampling of the wastewater stream. Each passive torpedo sampler
contained a laboratory-grade electronegative cellulose nitrate membrane
filter (Sartorius, Germany) and medical-grade cotton gauze to ensure con-
tact betweenwastewater and filter. Seven sampling sites were selected rep-
resenting wastewater effluents from seven University of Saskatchewan
residences having capacities of 125 to 399 people. To ensure protection
of privacy of students in these residences, we will refer to these residences
as locations 1–7. All passive samplers in this study were deployed and col-
lected between 7:00 and 8:00 AM from Monday to Friday (24 hour sam-
pling during the week, 72 h over the weekend) from seven manholes
located at wastewater lines adjacent to residence halls between July 5th,
2021 and April 28th, 2022. Samplers were tethered to the manhole cover
via a high tensile wire (Fig. 1B).

Once collected, the samplers were immediately brought to the Univer-
sity of Saskatchewan Environmental Laboratory for extraction and analysis
following the LuminUltra GeneCount™ SARS-CoV-2 Advanced Wastewater
kit manufacturer's protocol and wastewater testing materials (LuminUltra
Technologies Ltd., Canada) (Fig. 1C). The membrane filters and cotton
gauzewere extracted from torpedo samplers and added to 15mL centrifuge
tubes filled with an elution buffer 0.075 % (v/v) Tween 20 in 25 mM TRIS
HCl. Tubes were manually shaken vigorously for 1 min, contents were
transferred to new 15 mL centrifuge tubes filled with elution buffer, and
these tubes were shaken vigorously for 1 min to prepare the wastewater
sample for molecular extraction and concentration of RNA (Fig. 1D).

2.2. RNA concentration and extraction

RNA extraction was performed using a magnetic bead-based separation
procedure based on the manufacturer's protocol, which will be briefly de-
scribed herein. First, 1 mL of extracted wastewater in elution buffer was
transferred to a centrifuge tube containing Lysis Buffer Concentrate and
Lysis Supplement 1A. Tubes were thoroughly mixed and incubated for
10 min at room temperature. After incubation, ethanol and magnetic
beads were added, samples were manually mixed, incubated for 10 min
at room temperature, and then placed in magnetic racks.

The supernatant was discarded, and samples were washed with the
wash buffer five times. Each time the samples were washed, the superna-
tant was discarded. Next, ethanol was added to well-mixed samples, and
contents were transferred to 2 mL tubes. The supernatant was discarded



Fig. 1. Collection and extraction of SARS-CoV-2 virus via passive sampling. (A) Torpedo sampler pictured empty (left side), with electronegative filter membrane and cotton
gauze (middle), and assembled (right side); (B) demonstration ofmanhole torpedo sampler deployment setup showing sampler connected tomanhole cover using high tensile
wire; (C) flowchart describing the procedural steps for measuring SARS-CoV-2; (D) raw wastewater samples mixed with elution buffer in 15 mL centrifuge tubes;
(E) Benchmark Block™ Mini Dry Bath incubator used for RNA concentration and extraction; and (F) magnetic racks with 2 mL samples tubes containing magnetic beads
and eluted RNA sample.
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with magnetic separation, and an RNA elution buffer was added before in-
cubating at 60 °C for 5 min (Fig. 1E). After incubation, sample tubes were
placed in magnetic racks (Fig. 1F) and eluted RNA was collected for
analysis.

2.3. Quantitative RT-qPCR method

All samples were analyzed by RT-qPCR using the manufacturer's proto-
col. Briefly, 5 μL RNA samples were transferred to PCR strip tubes that
contained 15 μL of RT-qPCRMaster Mix. Eluted RNA samples were diluted
with bovine serum albumin (BSA) (2.5 μL of 1 mg/mL BSA with 2.5 μL
eluted RNA) to avoid inhibition and enhance PCR amplification yields. A
negative control (15 μL Master Mix and 5 μL Nuclease-free water) and pos-
itive control (15 μL Master Mix and 5 μL Positive Control DNA) were also
3

prepared as standards. All RNA sample tubes were gently mixed and proc-
essed by RT-qPCR on a GeneCount Q-16 device (LuminUltra Technologies
Ltd., Canada) for analysis.

2.4. Statistical analysis and ethics

Statistical analysis included linear regression of matching timepoints
for the data including detection frequency vs. (Total daily campus
cases, people; Total daily residence cases, people; and Saskatoon
WWTP viral load, gc/100 mL). Statistically significant Spearman corre-
lation coefficients (p < 0.0001) are presented with regression lines and
95 % confidence intervals (Supporting information Fig. S1).

Note that total campus and residence cases were all self-reported to the
university administration with the explicit consent to publish the numbers
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on a publicly-accessible online website. All data were provided to us in an
anonymized spreadsheet. Thus, no ethics review for this study specifically
was necessary.

3. Results and discussion

3.1. Dormitory residence COVID-19

The barcode data indicating virus ‘hits’ for the seven residences is
shown in Fig. 2A, while the combination of all ‘hits’ for the residences is
presented in Fig. 2B. The overall detection frequency is presented in
Fig. 2C including a 7-day moving average of this data which is useful for
comparisons presented in Fig. 3.

Interestingly, two of the seven residences had positive results prior to
the students moving into the dormitories at the end of August and early
September. These hits were found in Locations 3 and 5 and were attributed
to contractors working on site in both locations (pers. comm.). As expected,
therewas a peak of detections in early Septemberwith four of the seven res-
idences having positive hits as student numbers increased. However, Loca-
tions 2, 4, and 6 did not have positive hits until much later in the year
during November, October, andOctober, respectively (Fig. 2A). The overall
hits indicate low numbers of detections until mid-December 2021, which
coincides with increases discussed in Fig. 3. The overall hits increased for
the remainder of the academic year ending in April 2022.Moving 7-day av-
erages during this peak period fluctuated between about 25 to 50 % detec-
tion frequencies for the seven locations (Fig. 2C).

Trends in this study correlate well with studies by Gibas et al. (2021)
and Lu et al. (2022), which found that in summer months the low student
populations in university residences led to inconsistent positive results.
Both studies found that as classes started in September the inundation of
students onto campus led to increased SARS-Cov-2 infections on campus
Fig. 2. SARS-CoV-2 detection ‘hits’ for residence wastewaters during the 2021–2022 aca
residences; (B) combined SARS-CoV-2 hits across all six residences; and (C) distributio
moving average of hits (solid red line).

4

and coincidental increases in wastewater virus detections. Betancourt
et al. (2021) supported this observation and noted that spikes of infections
also occurred due to student behaviour after holiday periods. Small-scale
WBS of SARS-CoV-2 can be a valuable tool in monitoring the spread of in-
fection in university settings, or other similar locations. Comparing munic-
ipal wastewater testing can illustrate the similarities and differences
between small-scale and large-scale monitoring and can help illuminate
the actual value of WBS testing.

3.2. Dormitory vs. municipal WBS

The overall residence detection frequency and 7-day moving average
data are presented again in Fig. 3A for easier comparisons to other data.
Fig. 3B presents the daily self-reported residence case numbers including
the 7-day moving averages, while Fig. 3C presents the same information
for the campus-wide self-reported daily cases. The final Fig. 3D shows the
Saskatoon WWTP viral loads as determined using methods presented in
Xie et al. (2022) and available at https://water.usask.ca/covid-19/. The lin-
ear regressions for comparison of the dormitory detection frequencies ver-
sus daily residence cases, campus cases, and Saskatoon WWTP viral loads
are presented in Fig. S1.

Although wastewater surveillance of residences started with prelimi-
nary assessment in August 2021 and initial student-filled residences in
September 2021, the case numbers specific to dormitory residences were
unavailable until October 2021. Prior to the start of the mid-December de-
tection frequency increase (Fig. 3A), the residence case numbers were only
one or two cases. Coincident with the increase in detection, the case num-
bers also increased with a maximum of 11 self-reported new cases in
early January 2022 and having 7-day averages around four new cases. Fol-
lowing this surge of cases, the numbers reduced similarly to the detection
frequencies until end of March and early April when there was another
demic year. (A) Individual SARS-CoV-2 hits from seven different locations across six
n frequency plot of SARS-CoV-2 detection across the residences including a 7-day

https://water.usask.ca/covid-19/
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Fig. 3. Comparison of daily SARS-CoV-2metrics between university residences, campus, and SaskatoonWastewater Treatment Plant data. (A) Distribution frequency plot of
SARS-CoV-2 detection across the residences including a 7-day moving average of hits (solid red line); (B) distribution frequency plot of total daily cases (people) reported in
residences including 7-day moving average of cases (solid blue line); (C) total reported daily cases for the entire university campus including 7-day moving average of cases
(solid blue line); and (D) daily viral load asmeasured and reported by SaskatoonWWTP including 7-daymoving average of load (solid green line). The numbered dashed lines
(1–6) represent specific events that will be discussed in the main manuscript.
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peak of seven new self-reported cases with 7-day averages of about three
new cases.

The campus-wide data (Fig. 3C) was available over the same time pe-
riod as the residence wastewater data and shows a similar peak in self-
reported case numbers at the beginning of September 2021 of about 5–10
new cases. Following this peak, this data showed a similar pattern as the
residences with limited cases until mid-December 2021 with an increase
at that time to a 7-day average around 25 new cases. Interestingly, this in-
crease did not have a high peak with a maximum number of cases reaching
50 in early December. Unlike the residence cases, the campus-wide 7-day
moving average declined until mid-February to a low of about 10 new
cases, followed by an increase to their peak of 75 new cases with a coinci-
dent 7-day moving average of 50 new cases. Interestingly, the total campus
cases were correlated to the detection frequency (R = 0.67, p < 0.0001)
while the residence cases were not correlated (R = 0.14, p = 0.0340)
(Fig. S1). This may be attributed to the significantly smaller populations
within the dormitories as well as variability in self-reporting over time.

The Saskatoon WWTP data (Fig. 3D) collected using a 24-h composite
sampler indicates a small peak during August which would not be expected
for either the residence or campus data given the limited number of stu-
dents on campus during this time. However, the remaining trends for the
Saskatoon data are similar to the detection (Fig. 3A) and case number
data for both the residences (Fig. 3B) and campus (Fig. 3C). The Saskatoon
5

viral loads began increasing in late December reaching a maximum of
about 2 × 10−5 gene copies (gc)/100 mL which was maintained until
mid-March. The viral load increased at this time to about 2 × 10−5 gc/
100 mL, matching the increases in all three metrics found during this
time period. Similar to the campus-wide case data, the dormitory detection
frequency was correlated with the Saskatoon WWTP data (Fig. S1).

The numbers at the top of Fig. 3 indicate five time points of interest for
us in comparisons between the various datasets. Point 1 shown in Fig. 3
represents the move-in date to residence for University of Saskatchewan
students and effectively the start of the fall semester. However, this partic-
ular semester included remote teaching of classes for the majority of stu-
dents and disciplines. There was a slight increase in positive hits found in
the campus wastewater, in the campus cases, and in the City of Saskatoon
wastewater samples. This increase may be due to the increased number of
students on campus despite the remote teaching, as well as the increased
number of students in elementary and secondary schools in the city. How-
ever, all metrics generally stayed relatively low throughout the fall term,
likely due to a combination of remote learning, low population density on
campus, and the prevalence of the slower spreading Delta variant during
this period (Tian et al., 2021). January 2022 was the start of the winter
term (Fig. 3, Point 2) where there was a sharp rise in wastewater residence
hits/cases, and campus cases that could be attributed to students travelling
over the holiday break to visit family and potentially attending large-scale,
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close-proximity events. In response to this, classes were taught remotely to
start the winter term until February 8th (Fig. 3, Point 3), showing wastewa-
ter and campus cases trending downward after the initial winter term surge.

The mid-semester break occurred during the week of February 21st,
2022 and coincided with the lowest amount of positive hits at the
University of Saskatchewan during the winter term (Fig. 3, Point 4). How-
ever, cases trended upwards within two weeks following this break,
surpassing previous peaks in the 2021–2022 academic year. This can be
explained by the rapid spread of the Omicron variant in late 2021 and
throughout 2022 (He et al., 2021; Oloye et al., 2022) in combination with
students' probable regional, national, and international travel over the
break. This was also reflected by the Saskatoon WWTP viral load trending
upwards during the same period. This peak continued until the end of
lectures (Fig. 3, Point 5) and the start of the final examination period. Theo-
retically, a correlation between an increase in cases and in-person learning is
shown in the data, with downward trends coinciding with times when
students were learning remotely or no longer had in-person lectures.

4. Conclusions

• The spread of SARS-CoV-2 in the University of Saskatchewan residences
and general population closely followed the trends of the local and sur-
rounding communities.

• The maximum daily detection frequency for SARS-CoV-2 virus in seven
dormitories considered was about 75 %.

• The maximum daily reported case numbers for the residences and
campus-wide were about 11 and 75 people, respectively.

• Passive sampling in wastewater-based surveillance can be useful in mon-
itoring the spread of SARS-CoV-2 in a small population.

• RT-qPCR analysis of university residence wastewater can be a cost-
effective alternative to invasive individual testing.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2022.158421.
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