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ABSTRACT

Wastewater surveillance has been a tool for public health officials throughout the COVID-19 pandemic. Universities established pandemic

response committees to facilitate safe learning for students, faculty, and staff. These committees met to analyze both wastewater and clini-

cal data to propose mitigation strategies to limit the spread of COVID-19. This paper reviews the initial efforts of utilizing campus data

inclusive of wastewater surveillance for SARS-CoV-2 RNA concentrations, clinical case data from university response teams, and mitigation

strategies from Grand Valley State University in West Michigan (population 21,648 students) and Oakland University in East Michigan (popu-

lation 18,552 students) from November 2020 to April 2022. Wastewater positivity rates for both universities ranged from 32.8 to 46.8%. Peak

viral signals for both universities directly corresponded to variant points of entry within the campus populations from 2021 to 2022. It was

found that the organization of clinical case data and variability of wastewater testing data were large barriers for both universities to effec-

tively understand disease dynamics within the university population. We review the initial efforts of onboarding wastewater surveillance and

provide direction for structuring ongoing surveillance workflows and future epidemic response strategies based on those that led to reduced

viral signals in campus wastewater.
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HIGHLIGHTS

• Viral RNA levels in wastewater tracked the emergence of variants in student populations.

• Intervention strategies suggested reduced numbers in wastewater viral RNA signals prior to variant emergence.

• Public health promotion and educational tools are needed to take complex biological processing to actionable intervention strategies.
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GRAPHICAL ABSTRACT

INTRODUCTION

In December 2019, cases of an acute respiratory disease, COVID-19, were determined to be caused by a novel coronavirus
named ‘Severe Acute Respiratory Syndrome Coronavirus 2’ (SARS-CoV-2). SARS-CoV-2 is an enveloped RNA virus that

spreads primarily through respiratory droplets (Kim et al. 2020; Medema et al. 2020). It has been noted that regardless of
symptoms displayed, people infected with SARS-CoV-2 shed genetic material in feces and other bodily fluids allowing for
wastewater surveillance to be an effective surveillance method for disease patterns and dynamics (Bivins & Bibby 2021;

Maryam et al. 2023). Persons infected will typically show symptoms within 2–14 days; however, approximately one-third
of patients infected with SARS-CoV-2 are estimated to be asymptomatic, complicating the understanding of the spread of
the virus (Oran & Topol 2021; Schmitz et al. 2021). Asymptomatic patients may not seek medical assistance or participate
in clinical testing due to being unaware of illness onset (Espinoza et al. 2021; Tay et al. 2022). With the onset of at-home

testing, positive tests are not regularly reported to health officials or reported at all. This can make gauging public disease
spread difficult, making wastewater analysis beneficial for its independence on an individual’s health-seeking behavior
(Kapoor et al. 2022; Hopkins et al. 2023). One of the populations that revealed heightened vulnerability and increased

presence of asymptomatic disease includes college campus students, staff, and faculty (Lu et al. 2022). This population
exists within controlled, close quarters and typically sees large gatherings that present a point of entry for disease (Jain
et al. 2022).

Since SARS-CoV-2 is shed in feces (Jones et al. 2020; Wölfel et al. 2020), wastewater-based surveillance (WBS) is a tool to
guide community decision-making (Wu et al. 2021; Wolfe 2022). Due to the onset of the COVID-19 pandemic, it has been
used as a tool to support COVID-19 public health decision-making by local, state, and federal institutions (Ahmed et al. 2022).
Wastewater surveillance results can guide resource allocation and public health decisions at the community level, thus
demonstrating effective opportunities for surveillance at building levels throughout college campuses (Harris-Lovett et al.
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2021; Sharara et al. 2021; Lu et al. 2022). As this surveillance has been developed, studies suggest wastewater surveillance

may be used to address trends in disease that may not be readily available in clinical testing (McMahan et al. 2021; Prado
et al. 2021; Zhu et al. 2021).

SARS-CoV-2 RNA has reportedly been noted with increased stability in molecular evaluation compared to infective SARS-

CoV-2 (Fukuta et al. 2021), with RNA concentrations remaining stable for up to 84 days under laboratory storage conditions
and lasting over 14 days in situ (Hokajärvi et al. 2021; Hart et al. 2023). SARS-CoV-2 RNA concentrations were shown to
follow infection outbreaks with a rapid rise, plateau, and decline (Ahmed et al. 2022). Moreover, dormitory surveillance
has been used to test WBS’s efficacy and aid prevention strategies in universities, as seen through this study and the State

of Michigan’s Pilot Project study (Betancourt et al. 2021; Corchis-Scott et al. 2021; Gibas et al. 2021; Sharaby et al. 2023).
Universities provide an opportunity for WBS studies as sampling occurs in an isolated sewer catchment with controlled popu-
lations, so evaluating mitigation strategies and interventions is available (Corchis-Scott et al. 2021; Jain et al. 2022). From this,

WBS was used to guide clinical testing and successfully isolate clinically positive students (Betancourt et al. 2021).
To understand how campus public health strategies can utilize WBS, we explored the wastewater surveillance data for

SARS-CoV-2 RNA, clinical case data from university response teams, and mitigation strategies from two universities

within the State of Michigan, United States. These universities included Grand Valley State University (GVSU) in West
Michigan and Oakland University (OU) in East Michigan (Figure S-1). Throughout the academic year of 2020–2022,
GVSU saw 21,648 enrolled undergraduate students. The main campus is in a primarily agricultural community within

Ottawa County, Michigan. OU is located in a metropolitan community in the Detroit, Michigan area. Throughout the aca-
demic year of 2020–2022, OU enrolled 18,552 students. Due to the variations in community dynamics, exposure potential,
spatial distribution, and intervention strategies, our goal was to derive lessons learned from the application of wastewater sur-
veillance along with an initial assessment on how this surveillance may supplement clinical case data at two different

locations in Michigan. Using the same state standardized methodology for evaluating SARS-CoV-2 RNA in wastewater,
results illuminate differences in clinical case data organization and university public health response under this guidance.
We highlighted effective mitigation strategies universities can adopt for future epidemics and public health responses and

decision-making that ensure student, staff, and faculty safety and well-being.
This study was conducted as part of both the COVID-19 Wastewater Surveillance Pilot Project and, after 2020, the State of

Michigan SARS-CoV-2 Epidemiology – Wastewater Evaluation and Reporting (SEWER) Network directed by the Michigan

Departments of Health & Human Services (MDHHS) and Environment, Great Lakes, and Energy (EGLE) Partnerships
under these projects included other universities, laboratories, health departments, and wastewater utilities. Upon completion
of the Pilot Project at the end of 2020, SARS-CoV-2 wastewater surveillance was continued by individual university funding
from January 2021 to June 2021, then by the SEWER Project by each university as a goal to seek guidance for outbreaks and

disease dynamics within each campus.

METHODS

Sampling

Sites at OU were selected at the building level to gain an accurate representation of the on-campus student population. In

2020–2021, six sample sites were chosen. Five of these sites were the direct output sanitary sewer of individual or combined
housing buildings. Due to the locations of the sewers, one site was connected to the main line that received output from dorm
buildings, classrooms, and the health center. To account for this, a sixth site was added ‘upstream’ as a deduct site that col-

lected sewage from the health center and classroom buildings. Sampling for the 2021–2022 school year added two additional
sites in common areas to better cover the campus. Here, bi-weekly sampling alludes to sampling conducted twice per week.
Bi-weekly sampling occurred at all sample sites during the school year, excluding official university recesses. 24-h composite

sampling was collected using ISCO portable samplers. A total of 10 L was collected over the composite sample period. A
subsample of 500 mL was collected and transported to the laboratory for further analysis. Sites at GVSU were also selected
at the building level to quantify the presence of SARS-CoV-2 on campus. Samples were 500 mL grab samples from eight build-

ing effluents. Samples were stored on ice at ∼4 °C during sampling events and for transit to the laboratory for further analysis.

Sample preparation

Samples were concentrated and analyzed for the detection and quantification of SARS-CoV-2 using droplet digital polymer-
ase chain reaction (ddPCR) using the standard operating procedure (SOP) provided by Michigan State University (Flood et al.
://iwaponline.com/jwh/article-pdf/22/5/811/1426556/jwh0220811.pdf
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2021) for the MiNET network with a few modifications. To summarize, samples at OU were inverted 10–20 times to ensure

homogeneity and 45 mL was added to a 50 mL conical tube. The sample was concentrated via polyethylene glycol (PEG)
precipitation (Borchardt et al. 2017; Flood et al. 2021). Each sample was mixed with 8% (w/vol) molecular biology grade
PEG 8000 (Promega Corporation, Madison, WI) and 0.2 M NaCl (w/v). Samples were agitated for 2 h at 4 °C and then cen-

trifuged at 4 °C. Centrifuge parameters were 1 h at 3650 rpm for OU and 4,700� g for 45 min for UA. The supernatant was
then removed using a serological pipet, and the final volume of the concentrated pellet was recorded.

Both studies ran a negative processing control (NEG) of deionized water carried through precipitation. In addition to these
controls, an RNA extraction blank was prepared (EXT) and analyzed. All samples and controls were then concentrated

through QIAamp® Viral RNA mini kit (Qiagen) per manufacturer’s instructions and spiked with Phi6 RNA at 105 PFU/mL
to assess inhibition. Both studies used 200 μL of pellet concentrate for RNA extraction, and a final elution volume of 80 μL
was collected. Samples at OU were stored at 4°C and analyzed within 5 h of RNA extraction. GVSU samples were stored

at �80°C for ddPCR analysis the following day.

ddPCR analysis

In both surveillance efforts, samples, and quality controls (QC) consisting of a positive, NEG, no-treatment control (NTC),

and (EXT) were analyzed in triplicate. RNA viral targets were quantified using Bio-Rad’s 1-Step RT-ddPCR Advanced kit
with a QX200 ddPCR system (Bio-Rad, CA, USA). The selected SARS-CoV-2 targets were N1, N2, E, and Phi6 for sample
inhibition (Gendron et al. 2010; CDC 2020; Corman et al. 2020). Sequences are provided in Table S-1. Each reaction con-
tained 16.5 μL of an assay mix composed of 5.5 μL of Supermix, 2.2 μL of reverse transcriptase, 1.1 μL of Dithiothreitol

(DTT), 900 nm of each primer, 250 nm of each probe, and polymerase chain reaction (PCR) grade water. 5.5 μL of each
sample or control was added for a final reaction volume of 22 μL. Droplet generation was performed using a Bio-Rad
Automated Droplet Generator System, creating an oil water emulsion of 40 μL. Amplification was performed using a Bio-

Rad C1000 Touch™ Thermal Cycler (Bio-Rad Laboratories) under the following conditions: 25 °C for 3 min, 50 °C for 1 h,
95 °C for 10 min, followed by 40 cycles of 95 °C for 30 s and the RNA targets annealing temperature for 1 min with a
ramp rate of 2 °C/s followed by a final cycle of 98 °C for 10 min. After thermocycling, the plate is transferred to a QX200

Droplet Reader (Bio-Rad, CA, USA) to quantify RNA concentration.

SARS-CoV-2 variant analysis

During variant emergence in both populations, GVSU and OU utilized the same methodology for testing spike protein

mutations on SARS-CoV-2 RNA from wastewater. Both universities utilized GT-Molecular ddPCR SARS-CoV-2 Variant
Detection Assay Kits for Bio-Rad QX200 Software. Exact discriminatory kits varied based on circulating variant of concern
(VOC) at the time determined based on World Health Organization guidance. During this study period, variant kits from GT-
Molecular were utilized for the Alpha, Delta, Epsilon, Omicron, Omicron BA.1, and Omicron BA.2. Table S-2 describes the

target spike mutations from each kit for the VOC. Samples that contained the target mutation(s) on the spike protein were
identified as containing the VOC. As mutations increased during the Delta and Omicron waves and onward, target mutations
became less specific to a particular variant, and suggested presence was noted. Both universities screened samples for variant

analysis based on disease severity linked to N1 and N2 gene concentrations when sample concentrations were �10,000 gene
copies (GC)/100 mL. Samples that met the gene concentration criteria were analyzed on a weekly basis.

SARS-CoV-2 method analysis and quality control

Per state-guided quality control measures, samples with less than 10,000 accepted droplets were excluded from further analy-
sis. Thresholds were set for all wells at approximately 500 florescent units above the negative control cloud. Each sample
required a minimum of three positive droplets above the target threshold to be considered positive for an RNA target. Results
were calculated as gene copies per 100 mL (GC/100 mL) using Equation S-1. The mean of the triplicate analysis for each

sample was reported to stakeholders as wastewater-based insights through either the participating laboratory or associated
dashboard provided by a third-party service. All results were sent to the respective university stakeholders within 72 h of
sample collection.

SARS-CoV-2 university response teams

Upon the onset of the pandemic, both universities created COVID response teams in the fall of 2020 to guide university-wide
intervention strategies on how to ensure the well-being of students and staff and mitigate the impact SARS-CoV-2 had on
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respective institutions. OU’s response included the creation of a COVID-19 Response Team. This group was composed of the

surveillance laboratory’s principal investigator, members of university health, members of the administration in campus hous-
ing, campus safety, the provost and deans’ office, and members of the third-party dashboard service. This group met twice per
week as results were available to analyze the stakeholder dashboard’s clinical and wastewater insights and discuss the

implementation of intervention strategies. GVSU’s response was the creation of the virus action team (VAT). This group
was composed of administrators and faculty from the provost’s office, the school of biomedical sciences, the school of
public health, campus health, campus safety, campus housing, and students from the Master of Public Health program.
Like OU, these members were staffed positions working on reviewing both the wastewater and clinical insights to mitigate

the impact that the SARS-CoV-2 pandemic had at GVSU. In both cases, the respective virus response teams discussed
and decided on appropriate mitigation strategies to be implemented on their campuses based on both wastewater surveillance
and clinical insights.

Mitigation strategies

Implementation of mitigation strategies at both universities has evolved throughout the progression of the COVID-19 pan-

demic. Despite this evolution, several mitigation strategies persisted through the total sampling period. At the onset of the
pandemic, both institutions started with socially distanced learning to complete the winter 2020 school year, limiting univer-
sity access to approved researchers. In addition, both universities implemented a social distancing and mask mandate to

minimize the risk of spread at their institutions. Before the start of the Fall 2020 school year, both universities mandated
that all university housing students be tested and display a negative COVID-19 test before being allowed to move into housing
for the year. This mandated testing was also repeated after any long holiday recess from the university. Housing students at
both institutions were also required to have an emergency exit plan (EEP) on file with campus health and housing if they

tested positive for SARS-CoV-2. OU’s primary EEP strategy mandated that students travel home to isolate upon a positive
test and not return until a set of criteria is met. Students that could not isolate at home due to distance from the school or
other circumstances were given on-campus accommodations. GVSU’s primary EEP strategy mandated that students isolate

on campus in designated on-campus accommodations until a set of criteria were met supporting student safety.
Both universities required that students, staff, faculty, and guests fill out daily health screeners to intercept suspected posi-

tive students before attending in-person classes. University members that did not pass their health screener were instructed to

isolate for 24 h and retake the screener the following day. They were also encouraged to go to university health or a third-
party provider for testing and further action if they believed their screener was incorrect. In addition, all university members
were also encouraged to get tested if they felt unwell from university health or a third-party test provider. In addition to the
screener, 1,500 students, staff, and faculty were randomly selected for mandatory testing each day.

Upon the result of a positive test, isolation, and contact tracing occurred. Students living on campus were required to follow
their EEP that was on file and could not return to in-person learning or campus housing until a negative COVID-19 test result.
Students, staff, and faculty were required to isolate off-campus until similar conditions were met. To maintain transparency

OU kept a dashboard displaying the number and breakdown of positive individuals by student, staff, faculty, and guest, the
total percentage of students isolating on campus, the percentage of vaccinated campus members, the percentage of vaccine-
exempt campus members, and insights on positive cases reported in the surrounding counties. GVSU held all the previously

stated information as well as results from their random testing, the breakdown of the nature of vaccine exemptions, positivity
rates in local healthcare systems and state regions, and vaccination statistics in the West Michigan region. In addition to the
publicly available information, both response teams received a set of data from the campus health department on reported

positive cases containing both quantitative variables such as date tested, spike tracking post-holiday events, current isolation
status, date of first symptoms, and current vaccination status as well as qualitative variables such as a list of symptoms.

COVID-19 clinical case data

COVID-19 clinical case data were retrieved through open-source data from each university. Both university response teams
were responsible for uploading clinical case data to publicly available dashboards (Data Dashboard-Lakers Together-Grand
Valley State University 2022). OU had a public dashboard available from the Fall of 2020 through the Winter of 2022, but has

since been archived and unavailable for public viewing. Clinical case data were broken down into variations in reporting
status by the universities. Cases were reported as confirmed or probable, where probable cases indicate symptom onset
but no clinical test confirmation on disease status. Cases considered ‘confirmed’ were those that indicated a positive
://iwaponline.com/jwh/article-pdf/22/5/811/1426556/jwh0220811.pdf
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COVID-19 test through either a rapid test and/or a PCR test. Data were organized into two separate temporal indicators.

Dates were noted as symptom onset date and reporting date. Reporting dates were utilized in dashboard metrics, as these
were the dates of a confirmed case. For all analyses conducted, clinically confirmed COVID-19 cases were used, and
dates of clinical results followed the reporting date, as this was the date that would initiate public health response.

Data analysis

University clinical cases were retrieved from each university response team and verified through university COVID-19 dash-
boards. The daily average of wastewater viral concentrations was calculated from average N1 and N2 gene target
concentrations (GC/100 mL) per day using Microsoft Excel V 2102. All statistical calculations were conducted utilizing ‘tidy-
verse’ and ‘vtable’ packages in R (v4.2.2; R Core Team 2022). Data visualizations were created using Tableau 2022.3. All maps

and geospatial analyses were conducted using ArcGIS 10.8.2.

RESULTS

Positivity rates

Samples were analyzed from 2 November 2020 to 28 April 2022, covering two academic years. The GVSU campus had a

wastewater positivity rate of 32.85% (n¼ 554). Campus population during these years fluctuated between 20,265 and
21,648 students, with a small population increase, not including faculty and staff. Due to GVSU’s randomized testing that
included testing the total population on campus in a randomly selected lottery, multiple faculty, staff, and students may be

tested more than once over the time frame of the study, and members of the campus community may also test multiple
times as symptoms persist. With this, total campus positive tests summed 132,392, with a 2.12% positivity rate over the
2020–2022 academic years. The OU campus saw a 46.83% positivity rate in wastewater samples (n¼ 679) with 1,477 positive

clinical tests during the 2020–2022 academic years. The OU campus population ranged from 18,552 to 16,108 students, show-
ing a decline in the campus population, not including faculty and staff. Due to the total tests taken not being recorded by the
OU COVID-19 Response Team, no positivity rate could be determined.

Descriptive statistics for each university are found in Table 1. OU saw higher standard deviations, showing that the spikes

in viral RNA deviated results significantly from the mean, indicating substantial spikes in viral RNA over baseline. OU also
saw higher peaks in viral RNA concentrations for both gene targets compared to GVSU, causing a discrepancy in average
N1N2 GC/100 mL between the two universities. Though OU had much higher viral concentrations across the surveillance

period, OU saw fewer maximum reported clinical cases per day (52), while GVSU saw higher maximum clinical cases
reported (92). Daily clinical case data were unavailable from 20 November to 22 April, including 86 entries from GVSU
and 296 from OU.
Table 1 | University data comparisons for academic years 2020–2022

Surveillance metrics GVSU OU

Campus population (n) 21,648 18,552

Wastewater samples (n) 554 679

Clinical cases reported (n) 2,812 1,477

Total days of clinical cases reported (n) 78 101

Average lower limit of detection concentration (GC/100 mL) 1,326 (SD¼ 493) 999 (SD¼ 1,308)

Average N1 concentration (GC/100 mL) 6,948 (SD¼ 29,643) 7,069 (SD¼ 81,235)

Average N2 concentration (GC/100 mL) 6,590 (SD¼ 27,495) 6,201 (SD¼ 71,556)

Maximum N1 concentration (GC/100 mL) 431,947 2,074,074

Maximum N2 concentration (GC/100 mL) 409,067 1,831,111

Maximum clinical cases reported/day 92 52

This shows descriptive statistics for both GVSU and OU wastewater surveillance from academic years 2020 to 2022. Data include both wastewater surveillance data and clinical cases

reported by day. Campus populations are as of 2022. Total days of clinical cases reported display the number of daily entries for clinical reporting. Clinical reporting data were not

available for all days, as clinical data were subject to testing and case counts per day. Days where no available data varied for each university and were reported as ‘NA’. Daily clinical

case data where no data were available from November 2020 to April 2022 for GVSU included 86 entries, while OU included 296.
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Correlation to clinical cases

University wastewater surveillance results and clinical case counts saw moderate correlative evidence. These results can be
seen in Figure 1. GVSU wastewater surveillance saw substantial peaks in viral concentrations on 23 November 2020, 21

March 2021, 29 November 2021, and 17 January 2022. GVSU wastewater signal declined to its lowest during March–
April 2022. Maximum case counts for the GVSU clinically confirmed cases fell on 10 January 2022. During the sampling
period, the average viral concentration on the GVSU campus was 6,769 GC/100 mL, while the maximum concentration
Figure 1 | Fall and winter semester wastewater surveillance and confirmed COVID-19 cases for GVSU (a) and OU (b) for 20 November to 22
April. This displays wastewater surveillance and COVID-19 confirmed case counts. Log10 average N1N2 viral concentration (GC/100 mL) is
plotted over daily confirmed COVID-19 case counts from each university. (a) GVSU wastewater surveillance data over VAT confirmed COVID-
19 clinical case counts from the academic years 2020–2022, beginning 2 November 2020 and ending 18 April 2022. (b) OU wastewater
surveillance data over COVID-19 Response Team confirmed COVID-19 clinical case counts from the academic years 2020–2022, beginning 17
November 2020 and ending 22 April 2022. Only fall and winter semesters are shown, as surveillance was not conducted during the spring/
summer semesters, nor were university response teams fully active.
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was 420,507 GC/100 mL. Moreover, the average case counts during this time were 16, with a daily maximum of 92. OU

wastewater surveillance reported higher overall concentrations during the sample period. OU viral peaks occurred on 8
December 2020, 19 January 2021, 30 March 2021, 6 December 2021, 17 January 2022, and 20 April 2022. The average
viral signal for OU wastewater surveillance was 6,634 GC/100 mL. This average value displayed similarities to GVSU; how-

ever, the maximum concentration during the surveillance period was 1,952,593 GC/100 mL. This suggests similarities in
sustained campus disease prevalence; however, OU appears to have increased vulnerability to viral spikes and variant fluc-
tuation in the population. Further, the average OU campus case counts were 4, while the daily maximum was 53 on 5 January
2022, 5 days before the GVSU daily maximum. Unlike GVSU, the OU wastewater signal began to increase around April 2022

as the sampling period began to end. The average of N1 and N2 gene targets was correlated to clinically confirmed daily case
counts on campus using Spearman’s correlation (p-value, 0.05). GVSU wastewater results were found to weakly correlate to
clinical case results for same-day analysis, (rho¼ 0.51, p, 0.001) which was also seen with OU results for same-day analysis

(rho¼ 0.42, p, 0.001). For GVSU, results for a þ7-day time shift (clinical data 7 days after wastewater data) were rho¼ 0.45,
p, 0.001. Results for a �7-day time shift (clinical data 7 days before wastewater data) were rho¼ 0.31, p¼ 0.0073 GVSU.

Variants

Variant analysis was conducted on all samples with N1 and N2 gene concentrations of �10,000 GC/100 mL. Wastewater
results from Figure 1 showcase wastewater peaks that are seen to align with variant entry into university campuses. Beginning
in February 2021, GVSU and OU began testing wastewater sample RNA extracts for the presence of signature mutations on

the spike protein tied to the Alpha variant (N501Y, del69-70). Both mutations in the sample indicated a positive detection of
the Alpha variant in the campus populations. Both universities noted positive detection in March 2021. Detection of one
mutation, but not the other, was then suggestive of a variant, but due to the kit’s restrictions, it was unknown which variant

was circulating at the time. Concentrations on campus began to decline from April through early fall 2021. Due to limited
surveillance from both universities during the spring/summer semesters, data were unavailable for most of the summer
months of 2021. As classes began to resume, the emergence of the Delta variant was noted. GVSU observed the initial emer-

gence of the Delta variant on 13 September 2021 on the Allendale main campus that aligned with a spike in N1N2 viral RNA
detection. OU saw a delayed identification, noting initial Delta variant detection on 11/05/2021. As testing continued, mod-
erate-high spikes in viral RNA detection were observed to align with the emergence of a new variant in the campus
populations. This was seen again during the emergence of the Omicron variant, where GVSU noted detections on 4 January

2022 upon students returning to campus from the winter break. OU noted the initial detection of Omicron on 12 April 2022.
GVSU began to analyze sample extracts for the Omicron sub-variants (BA.1 and BA.2) and noted the initial emergence of
BA.2 on 11 April 2022. OU did not report the analysis of sub-variants during the time frame of the surveillance period. To

understand variant patterns happening on university campuses as a whole, combined variant detections can be found in
Figure 2. These detections align with months’ peak wastewater signal that was observed across both universities as mentioned
earlier.

DISCUSSION

Sampling strategies

Both universities in the present study used bi-weekly sampling to quantify viral signals via wastewater surveillance. OU col-
lected 24-h composite samples, while GVSU used grab samples. In large catchments, composite and grab samples perform
similarly to one another (Kmush et al. 2022). Grab sample collection methods have been documented to fluctuate more pro-

ducing results that are less representative of the sampled community in smaller catchments (Polo et al. 2020; Ahmed et al.
2021). Building-level data are particularly affected due to flow fluctuations which can bias wastewater information (Acer
et al. 2022). George et al. (2022) documented that as catchment size and subsequent population decreased, the percentage
of negative grab samples increased even when paired composite sampling indicated the presence of viral signal in wastewater.

This has the potential to provide false negative wastewater results. This was suggested at OU, which utilized composite
sampling, showcasing increased prevalence throughout the entire sample period while GVSU samples were more prone
to fluctuations in viral signal. However, GVSU’s sampling timeframe, 8–9 am, has been documented in other studies as a

time that shows the best agreement with 24-h composite sampling (Augusto et al. 2022).
GVSU’s surveillance efforts noted that certain buildings had more consistent reoccurring elevations than off-campus hous-

ing, particularly in Freshmen housing. This could be due to the time the wastewater was collected. Mendoza Grijalva et al.
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Figure 2 | Variant distributions present in university wastewater testing (GVSU and OU combined), 2021–2022. The distribution of variant
detection including both GVSU and OU wastewater surveillance from 2021 to 2022. Variant analysis was conducted by the detection of
dominant variant mutations in the wastewater sample. Variant targets were limited based on which mutations the ddPCR variant kits were
able to detect at the time of surveillance. Dominant variants found in the wastewater samples were reported as suggestive presence as
mutations became more affluent in samples. Others include samples with no mutations detected, following the parental signature.
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(2022) found that optimizing grab samples to peak inputs resulted in up to an 82% detection rate in their wastewater system.
For those residing in the Freshmen dorms, the time wastewater samples are collected might correspond better with peak flow.
While in an extensive sewer system, the best time to collect a grab sample is 8 am–10 am, student demographics and habits

may fall outside this typical flow period (Augusto et al. 2022). Future testing to indicate peak flow in specific universities could
improve the outcomes of grab sample analysis in wastewater surveillance methods.

Each university presented variations in sampling strategies for wastewater collection. Along with this, each university uti-
lized variations in collecting clinical testing data and how these data were stored and shared. Where GVSU utilized a

randomized testing lottery that allowed for daily clinical data to be updated and stored through the VAT dashboard, OU
relied on self-reporting and testing as a result of symptom onset. This testing was also primarily conducted by nurses and
local health departments, making data availability more limited to the university response team. These data also saw

delays and gaps in what was available for the OU COVID-19 dashboard. These gaps in data led to limited potential for
advanced analysis on the wastewater and clinical case data.

University response

The two universities used differing mitigation and response strategies for managing the risk of transmission at their insti-
tutions. On-campus students that yielded a positive test at GVSU were placed into isolated housing. This allowed students

to continue to have full access to university resources and provided students with an accessible option in case housing
was not readily available off-campus or transportation to safe housing was not readily available. One limitation of this strategy
involved the location of isolation housing dormitories. Instead of having dedicated housing for isolation only, GVSU had iso-

lation dormitory rooms inter dispersed with regular dormitory rooms. This resulted in viral spikes in affected wastewater
samples. Utilization of separate isolation spaces from health dormitories may have remedied this issue. Various studies
report this strategy’s effectiveness (Hayden et al. 2021; Rennert et al. 2021).

At OU, on campus, students living within a 100-mile radius were sent home from campus. Those with extenuating circum-

stances, living outside the 100-mile radius, or participating in campus athletics were permitted to stay. Several dormitories
were selected on campus to be isolation dormitories and were not sampled. Additionally, many students at OU were commut-
ing students, so this mitigation strategy was deemed to have the lowest impact on student populations. The removal or

isolation of infected individuals saw immediate drops in viral signals upon subsequent wastewater surveillance data indicating
its effectiveness as a mitigation strategy. Here, wastewater surveillance was utilized primarily as a tool to confirm the mitiga-
tion strategy for positive case strategies saw a shift in the viral signal detected at the targeted location.
://iwaponline.com/jwh/article-pdf/22/5/811/1426556/jwh0220811.pdf
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Another aspect of the university’s response originated in disseminating information to staff and students. While both insti-

tutions had teams dedicated to formatting responses, OU was much more limited in their data dissemination. They also
provided less demographic information than GVSU did in their case data. OU also has not provided an archive of past
case trends, and their dashboard is no longer available. GVSU provided an archived version of their publicly available

data. As of the writing of this study, both universities have suspended updates to their respective dashboards. This has
made advanced analysis of data difficult, as a protocol for long-term data storage and clinical data transparency was variable
when compared to wastewater surveillance sampling schedules and results. The wastewater surveillance data became the
consistent form of data from state dashboards when clinical data were stored or less abundant.

Clinical data uncertainty

The clinical data collected by both universities needed more certainty in accurate clinical insights due to the absence of test-
ing kits at the onset of the pandemic. This issue was compounded due to the suspected high percentage of asymptomatic cases
from the student population. Many reviews of asymptomatic patients have reported that younger groups ,39 are more likely
to be asymptomatic or display mild symptoms upon infection (Kronbichler et al. 2020; Chen et al. 2021; Ma et al. 2021). To
conserve resources and gain a better understanding of infected students, GVSU randomly selected a subset of the campus
population for mandatory rapid antigen testing and had testing available to any student interested in testing. Testing was
also required for students who failed their daily health screening before they were allowed to return to campus activities.

This form of random testing was effective in various university studies (Gressman & Peck 2020; Brook et al. 2021; Tuells
et al. 2021). While this random testing and antigen strip testing proved effective at the onset of the pandemic, its accuracy
was lessened as mutations persisted and increased the likelihood of inaccurate testing information. Several studies have docu-

mented this phenomenon (Adamson et al. 2022; Yang et al. 2022). Different from GVSU, which was proactive in its testing
strategy, OU opted to test students at the beginning of each academic semester and if they did not pass their daily screener.
Students that displayed symptoms were instructed to seek testing from the university or a third-party testing organization. This

led to many unreported cases to the local university health office and department.
Students at both universities used third-party testing results to be reported to their institutions from public health partners

to aid in data collection. This effort was somewhat sporadic and complicated because much of the data from third-party test-
ing locations needed to include important information like the institution attended, leading to many of these cases going

underreported. This resulted in significant gaps in available data in both universities making comparative analyses difficult.
Due to the complexity of reported data and underrepresented asymptomatic cases, overall clinical data appeared to be under-
reported on both campuses. Other universities took a much more active role in testing students based on wastewater

information. Several studies utilized wastewater data to require mandatory testing in affected buildings (Betancourt et al.
2021; Gibas et al. 2021). This procedure was documented to help mitigate the risk of outbreaks at their institutions by iden-
tifying areas of increased viral presence, testing students in the affected buildings, and isolating infected individuals. Our

universities may have benefited from this form of testing.
Overall, as the COVID-19 pandemic evolves and strategies for maintaining community health adapt, it remains pertinent to

continue evaluating mitigation strategies, especially for smaller communities like universities. University health officials
would benefit from wastewater surveillance as a tool for understanding campus health and disease dynamics for the

campus population. Due to the nature of how swift action can be effective for smaller populations such as student bodies,
being able to implement public health strategies from lessons learned could improve overall campus health outcomes and
lessen the disease burden on college students. With the evolution of wastewater surveillance, other disease-causing organisms

could be adopted within the surveillance to check for agents that are commonly affiliated with campus dormitories. Further,
campus wastewater surveillance offers the opportunity to evaluate the effectiveness of health forward strategies and allow
health officials to improve or continue interventions offering promising initial efforts within the student population, securing

student health and well-being.

CONCLUSION

SARS-CoV-2 is an enveloped RNA virus that spreads primarily through respiratory droplets (Kim et al. 2020; Medema et al.
2020), however bodily fluids with genetic material are shed and collected in domestic wastewater, allowing wastewater track-
ing of disease patterns and dynamics to be a feasible surveillance method for SARS-CoV-2 (Bivins & Bibby 2021; Maryam
et al. 2023). With the ability to monitor disease patterns in a population without relying on individual clinical testing,
om http://iwaponline.com/jwh/article-pdf/22/5/811/1426556/jwh0220811.pdf

024



Journal of Water and Health Vol 22 No 5, 821

Downloaded from http
by guest
on 05 August 2024
understanding where effective interventions may be implemented has emerged as a question for navigating the COVID-19

pandemic. One of the populations that revealed heightened vulnerability and increased presence of asymptomatic disease
includes college campus students, staff, and faculty (Lu et al. 2022). This population exists within controlled, close quarters
and typically sees large gatherings that present a point of entry for disease (Jain et al. 2022). WBS has been used for surveil-

lance of infectious disease agents, opioid use patterns, chemical contaminants, and drinking water supply quality for years,
and due to the onset of the COVID-19 pandemic, it has been utilized as a tool to support COVID-19 public health decision-
making by local, state, and federal institutions (Ahmed et al. 2022). To understand how campus public health strategies have
utilized WBS, we aimed to explore the wastewater surveillance data for SARS-CoV-2 RNA, clinical case data from university

response teams, and mitigation strategies from two universities within the State of Michigan, United States. This review has
offered insights that suggest the potential success of tracking disease trends in campus populations that can lead to impactful
health decisions that secure student, faculty, and staff health outcomes when workflow for wastewater surveillance is well

evaluated, tested, and adjusted per the community needs. While opportunities exist to adapt sampling strategies and under-
stand variant evolution, wastewater surveillance for university populations may be a supportive public health tool for campus
communities.
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