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ABSTRACT

Wastewater surveillance has been a useful tool complementing clini. 2l testing during the
COVID-19 pandemic. However, transitioning surveillance appro.:che s to small populations, such
as dormitories and assisted living facilities poses challenges inclt ding difficulties with sample
collection and processing. Recently, the need for reliable ar, Y timely data has coincided with the
need for precise local forecasting of the trajectory of CLY/Il"-19. This study compared
wastewater and clinical data from the University of C z1aware (Fall 2020 and Spring 2021
semesters), and evaluated wastewater collectica p. >iices for enhanced virus detection
sensitivity. Fecal shedding of SARS-CoV-". is } nown to occur in infected individuals. However,
shedding concentrations and duration has be.n shown to vary. Therefore, three shedding
periods (14, 21, and 30 days) were pre~un 2d and included for analysis of wastewater data.
SARS-CoV-2 levels detected in wa<te\ 'a'er correlated with clinical virus detection when a
positive clinical test result was p-e.~ded by fecal shedding of 21 days (p<0.05) and 30 days
(p<0.05), but not with new cascs ,"=0.09) or 14 days of shedding (p=0.17).

Discretely collected wast:we‘er samples were compared with 24-hour composite samples
collected at the same si.> 1 ne discrete samples (n=99) were composited examining the
influence of sampling du. ation and time of day on SARS-CoV-2 detection. SARS-CoV-2
detection varied among dormitory complexes and sampling durations of 3-hour, 12-hour, and
24-hour (controls). Collection times frequently showing high detection values were between the
hours of 03:00 to 05:00 and 23:00 to 08:00. In each of these times of day 33% of samples (3/9)
were significantly higher (p<0.05) than the control sample. The remainder (6/9) of the collection
times (3-hour and 12-hour) were not different (p>0.05) from the control. This study provides
additional framework for continued methodology development for microbiological wastewater
surveillance as the COVID-19 pandemic progresses and in preparation for future

epidemiological efforts.
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1. Introduction

Wastewater-based epidemiology (WBE) has been widely employed for pandemic surveillance
during the COVID-19 pandemic as a complement to clinical testing efforts. SARS-CoV-2, the
virus causing COVID-19, is often shed in the feces and urine of both asymptomatic and
symptomatic infected individuals (Park et al., 2020; Schmitz et al., 2021), allowing for the
concentrations of virus to be monitored in wastewaters. In large populations, changes in
wastewater concentrations of SARS-CoV-2 have been shown to correlate and precede changes
in the number of COVID-19 cases. It has been demonstrated that increases of SARS-CoV-2
concentrations in municipal wastewater preceded hospital admiss ~ns by three days and
positive cases of COVID-19 by 7 days (Peccia et al., 2020). Epir.ei."ic inodels have also shown
increases in wastewater concentrations to precede rises in h7s hanzation by three to five days
(Kaplan et al., 2020). Overall, wastewater surveillance dat: ca.> be paired with clinical testing
data for tracking and minimizing the spread of COVID-*9. \ loreover, wastewater monitoring
overcomes several challenges in pandemic surveillancz. v'/astewater testing is cost-effective
and unbiased in monitoring entire communities ar d it cvercomes clinical testing disparities such
as reluctancy or hesitancy to seek testing ar tr.> lack of general healthcare in underserved
communities (Thompson et al., 2020).

The complexities and challenges o1 vastewater testing have become apparent as the
COVID-19 pandemic has progressed F.-2xample, poor understanding of variability observed
in fecal shedding rates, concentra’ior.. and duration of SARS-CoV-2 in individuals with COVID-
19 and vaccinated individuals h: s fucled doubt over the relationship between wastewater
detection and clinical testing dat.. As these complications arise, alterations to wastewater
testing protocols are perfyrm.d to improve the overall quality of the data being produced.
Detection of fecal indicawcrs, such as pepper mild mottle virus (PMMoV), Bacteroides 16S
rRNA, and human 18S rxNA, has been implemented for normalizing SARS-CoV-2 wastewater
detection data and establishing correlations with COVID-19 cases (D’Aoust et al., 2021).
However, use and implementation of such naturally occurring internal standards has not been
widely adopted (Garcia-Aljaro et al., 2018). Attempts at normalization by per capita contribution,
process control (e.g., BCoV), and fecal indicator recovery have produced variable results for
locations even within the same study (Feng et al., 2021).

Challenges of wastewater monitoring are further exacerbated in small populations by limited
and sporadic collection opportunities. Wastewater flow decreases in smaller populations and
consequently, virus detection can be more influenced by collection location than by the

contribution of human waste alone. For example, dormitories and assisted living communities
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have varying levels of amenities including shared restrooms and communal laundry facilities.
Wastewater surveillance programs from twenty-five universities reported challenges in sample
collection and processing efforts such as intermittent flow, pipe or collection instrument
clogging, and heterogeneous wastewater composition (Harris-Lovett et al., 2021). A study of
wastewater discharge from two private homes found significant fluctuations between the two
sites in both hourly and daily discharge rates (Lucas et al., 2017). One location showed
increased wastewater discharge on Friday and Saturday, while the other showed an increase
on Monday. Diurnal fluctuations were also observed with peak wastewater discharge occurring
in the morning and at night in both locations.

Fluctuations and inconsistencies in wastewater discharge comno.ond difficulties in
comparing viral concentrations within or between locations over :ime,, even when utilizing
twenty-four-hour composite samples. However, as the SAPLS -Co /-2 pandemic progresses, the
importance of detecting small numbers of COVID-19 ca~zs \ithin both communities and small
populations will increase with anticipated increases in va~<ination rates and decreases in
clinical testing.

This study was novel in that it included both meu.odological and epidemiological
investigations of wastewate surveillance fr ¢ S/ .RS-CoV-2 in college dormitory populations. The
influence of wastewater sampling strat~qgies, n.cluding times of day, length of time, and location
type for small populations were evalu~.>d. .\ unique sampling approach was implemented to
evaluate the influence of building s%,1e *-aditional, suite, or apartment) on the production of
wastewater. SARS-CoV-2 detecio:. was performed for these locations over multiple times of
day and time frames including C-. 12-, and 24-hour composites. Additionally, the relationship
between wastewater dete_..~n und clinical tests results was examined. While the focus of this
study was SARS-Co'/-2 ac‘zction, these findings should be broadly applicable for future studies
monitoring infectious ag~ts, narcotics, or other chemicals within wastewater.

2. Materials and Methods
2.1. SARS-CoV-2 Wastewater Surveillance

2.1.1. Selection of Sampling Locations

Selection of populations to be monitored and collection locations was based on a variety of
influential criteria to provide a dataset representative of the overall university. These criteria
included selecting dormitory populations of more than 200 students to ensure sufficient
wastewater flow was generated throughout the collection period and represented the three

dormitory styles available to students: suite, traditional, and apartment. Also, the ease and
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reliability of sample collection and the proximity of the sampling location to the building complex
(groups of two to eight individual buildings) were considered to reduce external influence on
sample quality, potentially including dilution by stormwater infiltration. Wastewater channels
were evaluated to ensure that the apparatus tubing remained in the designated position and

was not susceptible to extensive clogging.

2.1.2. Housing and Population Dynamics

Wastewater was monitored at three housing complexes within the University of Delaware
campus during the Fall 2020 (early October to mid-November) and Spring 2021 (mid-February
through mid-May) semesters. These dormitories each had three ¢'<linct styles and independent
populations: suite style, with two-room groups sharing a restroor.i (. cations A and B);
apartment style, with a restroom in each unit (location C); anr! .-auiuonal style, with common
restrooms on each floor (location D). Locations A, B, and "' hc:zed undergraduate students
with each complex having between 250 and 350 reside 1ts. Loucation C contained
undergraduates including those relocated for quarantir 2 ¢ isolation based on positive clinical
test results. Population size fluctuated in this loca ic.1 ©s quarantine and isolation needs
changed throughout the semesters. After re~~ivi,»q a positive clinical test result, students were
moved to Location C for 10-14 days after w"i.n they were considered “recovered” students in

this study.
2.1.3. Wastewater Production and Coll=ction

The University of Delaware wa‘=r supply and wastewater collection, transmission, and
treatment is provided by the C...r o, Newark, Department of Public Works and Water Resources.
Wastewater production is .ot 1. unitored directly, rather calculated by the water consumption fed
into dormitory buildings ‘w. i the University. Water distributed to grounds keeping and other
external demands is subtracted from the water consumed to calculate the wastewater produced
for each building, or group of buildings, using Equation 1. The volumes (gallons) of wastewater
produced are compiled, by the University of Delaware Facilities Financial Services team, for
each dormitory complex, and the monthly totals are determined using the Qlik Bl tool for utility
data storing and analyzing. Due to the differences in population sizes between the complexes,
volumes of the total wastewater production and wastewater production per person were

evaluated for the locations.

[11 (Wastewater Produced) = (Total Water Consumed) - (External Water Consumed)
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The method described above was selected as it is more reliable for these types of locations
with smaller populations and limited flow than a direct measurement of the wastewater through
a metering unit within the sewer or attached to the sampling apparatus. Limited flow and
particulate accumulation surrounding the sampling apparatus can alter readings and produce
inaccurate data. The complications of small-population monitoring have been previously
reviewed (Harris-Lovett et al., 2021), further supporting the considerations made for selection of

sampling locations in this study.

Wastewater samples were collected hourly throughout a twenty-four-hour period from each
of the four locations using ISCO 3700 Portable Samplers (Teledy: < Isco, Lincoln, NE; Cat. no.
68-3700-064). Samples were transported on ice to the Center fc, £ viionmental and
Wastewater-based Epidemiological Research (CEWER) labc.«“ny ror processing. Thirty-eight
samples were collected from Locations A, B, and C, betwe 2n Cwwober 2, 2020, and November
19, 2020, for the Fall 2020 semester. Thirty-four sample:s v.ere collected from the same
locations between February 16, 2021, and May 13, 2071, :~r the Spring 2021 semester.
Samples included in this study were those consid »r.:d to be complete compositions with more

than fifty-percent of hourly samples collecter 1u.'ng each twenty-four-hour composite.
2.2. Wastewater Composition Study

Wastewater samples of approxim#..2ly {00 mL were collected in 1 L bottles, hourly
throughout a twenty-four-hour peric<. ", wanty-four-hour (09:00-08:00), twelve-hour (09:00-20:00
and 21:00-08:00), and three-hou r {89:00-11:00, 12:00-14:00, 15:00-17:00, 18:00-20:00, 21:00-
23:00, 24:00-02:00, 03:00-05:0". L3:00-08:00) composited wastewater samples were collected.
Locations A, C, and D wer. <e._cted for this study and collection was repeated on three dates
referred to as days i, 4, ?n .. Samples were collected and processed in triplicate (n=297) with
an additional duplicatior ~uring RT-qPCR detection. SARS-CoV-2 from all wastewater and

clinical samples were tested using the CDC-recommended detection assay.
2.3. SARS-CoV-2 Clinical Testing

University of Delaware Student Health Services conducted student clinical testing, and
sample analysis was performed by University of Delaware Poultry Health System technicians,
part of the Department of Animal and Food Sciences. Saliva samples were collected from
asymptomatic and symptomatic individuals at testing locations across the university campus.
Individual saliva samples were heat inactivated before being placed on 96 well plates (200 pyL

per well) for RNA extraction using the MagMAX Viral/Pathogen Il Nucleic Acid Isolation Kit
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(ThermoFisher Scientific, Waltham, MA) on a Kingfisher Flex (ThermoFisher Scientific). The
approved real-time RT-PCR clinical test for the detection of the SARS-CoV-2 virus was
performed using the TagPath COVID-19 Combo Kit chemistry (ThermoFisher Scientific) on an
ABI 7500 Fast Real-Time PCR System (ThermoFisher Scientific). Test results were typically
provided within a 24-hour-period. Aggregate data were presented on the University of Delaware

COVID-19 Dashboard available at: www.udel.edu/home/coronavirus/dashboard/.

During the Fall 2020 semester, 14,718 tests of asymptomatic (14,114 tests) and
symptomatic (604 tests) students were performed from September 6, 2020 to November 21,
2020. During the Spring 2021 semester, 51,751 tests of asymptor. 4tic (50972 tests) and
symptomatic (779 tests) students were performed from Februar. 7, 2020 to May 22, 2021. In
both time periods clinical sampling began before and ended . uie wastewater sampling

period.

Clinical test data for each dormitory complex was o. tair 2d separately and de-identified thus
protecting the anonymity of individual students withi~ ine snialler populations. Therefore, the
dormitory complex collection locations are simp!y 1. fe.red to as A-D and the overall University of

Delaware.
2.4. Virus Recovery and Detection

SARS-CoV-2 was recovered and dr.u ~ted as previously described (Anderson-Coughlin et
al., 2021). The method was modifizd .~ include a multiplex RT-qgPCR probe-based assay (Table
1) which decreased the overall . me \or obtaining results; all other details remained the same.
Briefly, 45 mL wastewater scmpi.s were incubated for 60 min. at 60°C immediately after arrival
in the laboratory. Sample s we re cooled to room temperature and passed through a 0.22 um,
13.6 cm?, PES membran. filter (Corning, Corning, NY). The filtrate was concentrated via
centrifugal ultrafiltration using two 10 kDa Amicon centrifugal filters (Millipore Sigma, St. Louis,
MO) in 15 ml volumes, obtaining 400 pl total concentrate. Concentrates were pooled, and
extractions were performed using QlAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany).
Detection was performed using RT-qPCR probe-based assay with target specific primer and
probe sets from IDTDNA (Integrated DNA Technologies, Coralville, I1A) (Table 1).

Plasmids containing the complete nucleocapsid gene, 2019-nCoV_N Positive Control
plasmid (Integrated DNA Technologies), were used to quantify SARS-CoV-2 RNA within the
RT-gPCR assay. Ten-fold serial dilutions were performed to generate a standard curve to which

results from the samples were compared. Undiluted plasmids were typically concentrated to
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200,000 copies/ul, dilutions were performed to yield reaction concentrations (5 ul template into
22 pl reaction) 10,000, 1,000, 100, 10 and 1 copies/reaction.

Amplification of target sequences, fluorescent signal above the designated threshold, for
each assay were considered positive detection of SARS-CoV-2. Failure to amplify above the
threshold for either target, N1 or N2, in either replicate, results in the sample being considered
below the limit of detection (<10,000 copies/L). Replicate detection values for the N1 and N2

primer sets were averaged for each sample and used for analysis.

Table 1. Primers and probe sequences and concentrations used for detection of SARS-COV-2.

Target Oligo 5’ — Seqgience - 3¢
Forward GACCCCA AAU‘_'F CAGCGAAAT
N1 Reverse TCTGGTT. ALT_CCCAGTTGAATCTG
Probe® FAM-ACCCC 3C: T-ZEN-TACGTTTGGTGGACC
Forward TT/ \CA-AACATTGGCCGCAAA
N2 Reverse e SCCGACATTCCGAAGAA
Probe® A E;A(,AATTTGC-ZEN-CCCCAGCGCTTCAG

a) Sequences from the US Centers for Dise. se Control and Prevention (CDC) designed
SARS-CoV-2 RT-PCR assay

b) 5’ addition of FAM fluorophore myo.*~ation, absorbance and emission at 495 nm and 520
nm, respectively

c) 5’ addition of HEX fluorophor- mcJification, absorbance and emission at 538 nm and 555
nm, respectively

2.5. Data Analyses

Microsoft Excel ar.' Ji."P 6 Pro Statistical Software, were used for statistical analysis and
figure and table preparatic n. Wastewater and clinical data were compared for potential
correlations using linear regression analysis and the associated correlation value. Dunnett’'s
Test was performed for comparison of the discrete samples with the twenty-four-hour composite

as the control group. Results with a p-value of <0.05 were considered significant.

2.5.1. SARS-CoV-2 Wastewater Data

SARS-CoV-2 detection and quantification were performed within the Rotor-Gene Q
apparatus and associated software. Data were presented as viral copies per reaction and cycle
threshold (CT) values within the Rotor-Gene Q and transferred to statistical software for further

analysis. Viral copies per reaction were transformed into viral copies per liter of wastewater by
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accounting for the dilution and concentration factors of the sample processing method. CT

values were transformed into delta CT (dCT values) using the following equation:
[2] (Delta CT Value) = (Terminal CT Value) - (Sample CT Value)

Where the terminal CT value was 40 cycles for all samples processed.

2.5.2. SARS-CoV-2 Clinical Test Data

SARS-CoV-2 clinical testing data was obtained from the University Dashboard or Student
Health Services as described above (Section 2.2). The data were presented as number of
positive tests per day. Data were converted to weekly results and nzrcent positivity (%) to

account for fluctuations in the total number of tests performed.

3. Results
3.1. Wastewater Production

Volumes of wastewater produced varied by locatic (dt rmitory complex) and month
throughout the study. Wastewater production, total mcathly volumes, in the fall (September-
November 2020) and spring (February-May 2021, “.er iesters were significantly different
(p<0.05) in locations C and D. This can be . bu.~d to the increase of residents from the fall to
spring semester, 113% at location C and 2uC % at location D. Locations A and B did not have
significant differences in wastewater prou 'ction (p=0.82, p=0.82) between the fall and spring
semesters and had only minimal popul atin increases of 12% and 2%, respectively. Total
wastewater production was signif::anu  higher (p<0.05) at location C, apartment-style building
with quarantine and isolation poytlations, compared to locations A, B, and D. No significant
differences (p>0.05) were oL ~ened between wastewater production of Locations A, B, and D.

Due to the fluctuetiol s in population sizes and differences across sampling locations, data
were normalized to montt.'y per person wastewater production values (Fig. 1). Monthly
wastewater production per person did not have significant differences between the fall and
spring semesters at locations A (p=0.92), B (p=0.83), C (p=0.07), or D (p=0.07). However, the
monthly wastewater production per person was significantly higher (p<0.05) at location C,
compared to locations A, B, and D as observed with the total wastewater production. Monthly,
wastewater production ranged from 101-2571 gallons in the suite-style dormitory complexes
(locations A and B), averaging 985 gallons. Monthly wastewater production in the apartment-
and traditional-style complexes (locations C and D) ranged from 2550 to 4856 and 273 to 762

gallons, respectively, averaging 3490 and 505 gallons monthly.
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Fig. 1. Wastewater production for dormitc v complexes A (suite-style, light solid), B (suite-style,
dark solid), C (apartment-style, dark st.ined), and D (traditional style, light striped) data by
month during 2020-2021 academic yra, Duta are presented as the total wastewater produced

for each complex throughout the mcntl, /gallons).

3.2.  Fall 2020 - University Ci.nica: Testing and Wastewater Surveillance

University of Delaware roside.ce hall occupancy in the Fall 2020 semester was 18% of full
occupancy (1,246 of 6,92 7 available spaces filled). A total of 14,718 SARS-CoV-2 clinical PCR
tests were performed dui.ng the fall semester between August 30 and November 21, 2020, with
an average of 1,338 tests per week. Weekly positive tests ranged from 17 to 129 cases, and
positivity rates ranged from 1.2% to 10.7%. Wastewater surveillance sampled effluent from
approximately 70% of the student population residing on-campus in Fall 2020. Thirty-eight
wastewater samples were collected from the three locations throughout the semester. Weekly
averages of SARS-CoV-2 in wastewater for all locations surveilled ranged from below detection

limit (< 4.00 log viral copies/L) to a maximum of 6.06 log viral copies/L.

3.3.  Spring 2021 — University Clinical Testing and Wastewater Surveillance
University of Delaware residence hall occupancy in the Spring 2021 semester was 55% of
full occupancy (3,841 of 6,927 available spaces filled). A total of 51,751 SARS-CoV-2 clinical

10
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tests were performed during the spring semester between February 7 and May 23, with an
average of 3,450 tests per week. Weekly positive tests ranged from 2 to 322 cases detected
and positivity rates ranged from 0.1% to 7.1%. Wastewater surveillance sampled effluent from
approximately 40% of the student population residing on-campus in Spring 2021. Fifty-eight
wastewater samples were collected from the three locations throughout the semester, on twenty
separate occasions. Weekly averages of SARS-CoV-2 levels in wastewater for all locations

surveilled ranged from below detection limit to a maximum of 6.80 log viral copies/L.

3.4.  Dormitory Complex Monitoring

Compilation of wastewater and clinical data for locations A ar.” B during the Fall and Spring
semester (Figs. 2 and 3) yielded significant correlations betweer. u.~ aata sets. Significant
positive correlations (p <0.05) were observed between waste ... te, ievels and combinations of
new and recovered cases with fecal shedding for both the 21- z:id 30-day time periods.
However, correlations were not observed for new daily :lin:~ar cases or fecal shedding during a
14-day time period. Wastewater surveillance of locatior. C ‘s presented (Fig. 4) for qualitative
comparison of SARS-CoV-2 levels detection in wi's*evater from location C, which housed the
quarantine and isolation populations, to the *~s.>water surveillance of locations A and B.
SARS-CoV-2 levels were significantly highcr (p<0.05) in wastewater collected from location C
during the fall and spring semester thar. 'ocations A and B. SARS-CoV-2 levels in wastewater
collection from locations A and B wer 2 r * significantly different (p=0.97) from each other during

the fall and spring semesters.

Table 2. Analysis of Fall 202C ai. ¥ Spring 2021 wastewater surveillance and clinical testing data
using linear regression with arizule fecal shedding timeframes for university dormitories.

Shedding Ti nev.ame* Correlation Value Significance Probability

0 Days 0.27 0.09
14 Days 0.22 0.17
21 Days 0.37 <0.05
30 Days 0.39 <0.05

*Viral shedding parameters of 0 days, representing new cases reported, along with 14, 21, and
30 days of viral shedding after positive clinical test results were reported, were combined and

evaluated against SARS-CoV-2 levels (log viral copies/L) in wastewater.

11
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Fig. 2. Dormitory complex 4, SARS-CoV-2 clinical (A) and SARS-CoV-2 wastewater
surveillance (B) data during the 2020-2021 academic year. Vertical bars show weekly total of
positive clinical cases (left ver.cal axis). Shaded areas show clinical cases with potential
shedding including both "\ and recovering case patients (right vertical axis): dark (14-days);
medium (21-days); .. noht (30-days) of SARS-CoV-2 fecal shedding after an initial positive
clinical test. Wastewater « ata are presented as SARS-CoV-2 viral copies per liter of wastewater.
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Fig. 3. Dormitory complex B8, SARS-CoV-2 clinical (A) and SARS-CoV-2 wastewater
surveillance (B) data during e 2920-2021 academic year. Vertical bars show weekly total of
positive clinical cases (left ‘verical axis). Shaded areas show clinical cases with potential
shedding including both 1ew and recovering case patients (right vertical axis): dark (14-days);
medium (21-days); anu lig..« (30-days) of SARS-CoV-2 fecal shedding after an initial positive
clinical test. Wastewater c ata are presented as SARS-CoV-2 viral copies per liter of wastewater.

3.5. Quarantine and Isolation Dormitory Complex Monitoring
Dormitory complex C contained both the general undergraduate student population and the
quarantine and isolation populations. The general population consisted of more than 300

students, while the quarantine and isolation populations fluctuated throughout the study.

University clinical testing identified 701 positive cases in the Fall 2020 semester, averaging
64 per week, and ranging from 0 to 129 cases. Clinical testing in the Spring 2021 semester
identified a total of 1,276 positive cases, averaging 85 per week, and ranging from 0 to 322.

SARS-CoV-2 detected through clinical tests performed on campus, as shown in Fig. 4.
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Fig. 4. SARS-CoV-2 wastewater surveillance data for . nitory complex C, during the 2020-
2021 academic year.

3.6. Wastewater Composition Study

Three-hour wastewater composite samples .‘ere compared by both location (A, C, and D)
and collection day (i, ii, and iii). SARS-Co .-2 detection in dormitory complex A was not
significantly different (p>0.05) among 1, = 3 samnpling days. Detection in complex C was
significantly lower (p<0.05) on day ii t'1a . days i and iii. Detection in complex D significantly
different (p<0.05) between all days, v.‘'th uay i having the greatest detection and day iii having
the least. All locations had sign®'car.‘y different detection levels on days ii and iii; on day I,
locations C and D were not sign.“icantly different from one another (p=0.13) (Table 3).

Table 3. SARS-CoV-2 cetected (dCT values) from 24-hour composited wastewater samples

collected from three don ~itory complexes (A, C, and D) on three separate occasions (days i, ii,
and iii).

Sampling Location

Collection Day

Complex A Complex C Complex D
i 1.4+23 10.3+0.9 91+04
i 05+11 10.7+0.9 49+11
iii 19+21 73+34 3.1+£1.0

Twenty-four-hour composite samples were used as control groups for analyses of SARS-CoV-2

detection levels in the three-hour composite samples (Fig. 5). SARS-CoV-2 levels of the three-
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hour composites were compared to the 24-hour composites at each location, on each collection

day, with a significance level of p<0.05.

Samples from complex A had the highest variability observed in detected SARS-CoV-2
levels, which coincided with high turbidity (observational data, not shown) and a lower
population overall. Only one sample (09:00-11:00) out of 30 samples was significantly different
(p<0.05) from the 24-hour-composite controls. Detection levels in samples from complexes C
and D fluctuated throughout the 3-hour-composite periods, compared to the 24-hour-composite
controls. Decreased detection levels were observed in complex C samples primarily between
09:00 and 23:00 with 67% of samples (n=15) having significantly l. ver levels (p<0.05) than the
controls and the remaining 33% with no significant difference frcm ti e controls (p>0.05).
Similarly, decreased detection levels were primarily observe 1 in ~omplex D samples between
12:00 and 20:00 with 33% of samples (n=9) having signifi.ontly lower levels (p<0.05) than the

controls and the remaining 67% with no significant diffc -enc 2 from the controls (p>0.05).
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Fig. 5. Levels of SARS-CoV-2 detected in wastewater from 3 dormitory complexes (A, C, and
D), collected in 3-, 12-, and 24-hour composite samples. Detection levels displayed are dCT
values, obtained from RT-qPCR performed in which greater dCT values represent greater levels
of virus, SARS-CoV-2. Twenty-four-hour composite samples were used as controls. Shading
represents significance (p<0.05) of detection levels: light gray (no significant difference), dark
gray (significantly higher), and white (significantly lower). Outlines represent the three collection
dates: red (left), green (middle), and blue (right) in each time period.
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4. Discussion

Throughout the COVID-19 pandemic, multiple universities employed wastewater-based
epidemiological wastewater sampling to assist in tracking and minimizing the spread of the
disease within the on-campus populations. Wastewater surveillance data has been used on
university campuses for directing clinical testing efforts and finding both pre-symptomatic and
asymptomatic individuals infected with SARS-CoV-2 (Gibas et al., 2021). One such on-campus
study at the University of Arizona found that of the 711 clinically identified infections in college
students residing in the dormitories, ~ 80% were asymptomatic and the remaining 20% were
symptomatic (Schmitz et al., 2021). Shedding of SARS-CoV-2 RMNA has been detected in both
stool and urine samples collected from asymptomatic individuals /Shorkey et al., 2021).
University of Arizona wastewater-based epidemiology efforts als.> vi:lded an 82% positive and
89% negative predictive power which was used to direct clin, ~al t 2sting efforts and indicated the
presence of infected individuals prior to identification thrz:'ai. clinical testing (Betancourt et al.,
2021). It has been posited that if clinical surveillance eft. < are expansive, with rapid clinical
test results available for symptomatic individuals ¢ routine testing of the asymptomatic
population, then wastewater sampling is of limit~d benefit in pandemic monitoring (Bibby et al.,
2021). Due to the extensive clinical testin¢ effr rts employed by the University of Delaware,
stringent social distancing and mask-w<aring \.rotocols, and limitations placed on dormitory
capacities, predictive power was not c>erv2d in our study. However, the concentrations of
SARS-CoV-2 detected in wastewa*zr fi ~7n the dormitories was monitored throughout the Fall
2020 and Spring 2021 semestel s a.d the data were shared with university administration for

support in the direction of clinico! surveillance efforts across campus.

Students, typically ag 2d e ghteen to twenty-two years old, had mean shedding
concentrations of more u.an 6-log genomic copies of SARS-CoV-2 per gram of feces.
Additionally, SARS-CoV-2 fecal shedding durations ranged from 6 days for asymptomatic
individuals to 14 days for serious infections and up to 32 days for critical COVID-19 cases after
a positive clinical test detected SARS-CoV-2. Therefore, students who are considered active
COVID-19 cases and those who have recovered can contribute to the SARS-CoV-2
concentrations detected in wastewater. Our study yielded correlations of SARS-CoV-2 levels in
wastewater with 21 and 30 days of fecal shedding after a positive clinical test. However, no
correlations were observed with new cases or 14 days of fecal shedding. Due to the routine
clinical testing of students residing in the dormitories, clinical testing may have identified SARS-
CoV-2 infections in the respiratory system prior to infection of the gastrointestinal tract and

subsequent fecal shedding. Students were housed separately in Location C for 10 to 14 days
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after receiving a positive clinical test prior to re-entering their dormitories. Those individuals with
serious infections may have remained in Location C through the duration of their fecal shedding
period and would not have been contributing to the wastewater at Locations A or B upon their

return.

In our study, no significant differences were observed in the average wastewater SARS-
CoV-2 levels when comparing communal (traditional) and suite-style dormitories. This could be
due to limited population densities, 18% and 55% occupancy of total capacity during the Fall
2020 and Spring 2021 semesters, at the University of Delaware during this study or the social
distancing protocols employed. Additionally, increased turbidity ai.~ larger variability in SARS-
CoV-2 detection levels were observed in wastewater collected fron. the traditional-style
dormitory which may have impacted the ability to obtain signiic ~niuy significant differences in
detection levels between the two dormitories. In a prior stitdy, J<rmitories with communal-style
restrooms (traditional-style dormitory) produced greater de =ction rates and higher
concentrations of SARS-CoV-2 than those with apartm 2n. ~r suite-style restrooms (Scott et al.,
2021). Communal restrooms were shared by mor : *121 10 people, suite-style dorms 5-10
people, and apartment style less than 5 peo~'=. .* was hypothesized that this could be attributed
to the population density in these locations < the cases significantly decreased after social

distancing guidelines were implementeu

In our study, monthly wastewater p oauction per person in the traditional- and suite-style
dormitories was significantly less :han .vastewater production per person in the apartment-style
dormitories. The increased weste vater production in apartment-style dormitories is likely
attributed to the additional arc vwater production by use of kitchen and laundry facilities present
in each of the apartmente an i not an increase of wastewater production. Increased turbidity
and variability in virus dett ction (standard deviations) were observed in the traditional-style
dormitory wastewater. The variability of detected SARS-CoV-2 levels could have contributed to
the lack of differences observed between the types of dormitories. Though the wastewater was
potentially diluted with graywater in the apartment-stye dormitory, the levels of SARS-CoV-2
produced by the quarantine and isolation populations within that complex resulted in

significantly higher detection of the virus compared to traditional- and suite-style dormitories.

The findings of our study and others support the need to investigate populations and
environmental factors which may impact target detection prior to employing surveillance efforts.
The style of dormitory influences the interactions between individuals within the facilities and

how wastewater is diluted by graywater. When sampling locations are selected, these elements
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need to be considered and accounted for to determine sample collection frequency and

composition periods or grab sample timepoints.

Variability in wastewater detection of SARS-CoV-2 with time of collection has been reported
with fluctuations as large as > 5 log genomic copies/L to below detection limit within a single
hour time period (Betancourt et al., 2021). This study also demonstrated the need for careful
selection of sample collection times when sampling small populations. While 24-hour
composited wastewater may provide the most reliable data for monitoring of trends, this
sampling strategy is costly and, in some cases, can delay the reporting of wastewater data.
However, composite samples of limited timeframes or even grab . =mples may provide the best
chance at detection if only presence-absence data is the desirer! e, 1. in our study, greater
detection typically occurred during the evening and early mor..."q ..ours compared to mid-day
and afternoon. This could likely be partially attributed to th<: ai._*.on of wastewater by graywater
through more active use of sink, shower, dish and clothzs . rashing fixtures and appliances

during waking hours.

Assessment of fluctuations in fecal concentrati- as can be performed using fecal markers in
lieu of pathogen detection. Ammonium (NF4-N) le.els can be used to estimate fecal
concentration and dilution and were monitor.1 by Been et al., (2014) to track fluctuations within
their populations. Peaks in ammonium le.=Is were observed daily in the morning hours, with the
time shifting slightly on weekend days ‘o 'ater morning hours. Fecal content can also be
monitored by concentrations of m: ~rob.al fecal indicators such as human-specific bacteriophage
e.g., HF183, or viruses e.g., p~o,.=r mild mottle virus (Feng et al., 2021; Greaves et al., 2020;
Scott et al., 2021). Employiny, de'ection of fecal indicators alongside detection of SARS-CoV-2
could provide a more ~or. nlel 2 depiction of the wastewater composition and of ideal sample
collection periods as well .:s providing a normalization element for use with wastewater-based

epidemiology studies.

As the COVID-19 pandemic has progressed, wastewater-based epidemiology as a field has
grown considerably. The lessons learned over this time have generated numerous datasets and
resulted in the development of the National Wastewater Surveillance System (NWSS) as a
collaboration among The Centers for Disease Control, Department of Health and Human
Services as well as multiple agencies, public and private partnerships. Universal methods for
sample collection, SARS-CoV-2 recovery and detection, and data reporting are now available
and gain further value as the pandemic progresses. Reduction in clinical testing efforts, public

aversion to seeking testing, or “testing fatigue,” is becoming more common and decreases the
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probability of SARS-CoV-2 detection within the community. These factors support the continued
use of employing wastewater surveillance as an impartial and affordable means for monitoring

the COVID-19 pandemic as well as potential future pandemics as they emerge.

The existing infrastructure can be readily adapted for use with other microbial organisms of
concern. The potential for molecular methods to be used for detection of SARS-CoV-2 and
additional organisms has been explored (Spurbeck et al., 2021). Sequencing of viral RNA
isolated from wastewater is costly compared to the RT-qPCR method and targeted detection
performed in this study. Identification of genetic sequences for microbial targets will still be
needed for future wastewater-based epidemiology studies; howen =., standardized methods of
recovery and detection are now available which will expedite the pi ~cess of detection and data
reporting. Additionally, the routes of SARS-CoV-2 transmissir... *hiuugh various environments
has been reviewed along with the potential for artificial inte lige ~ce to be used for adaptation of
transmission models to emerging infectious diseases (/.bucloayem et al., 2021). Continued
wastewater testing could potentially serve a valuable rcie .~ ongoing efforts to monitor and
support public health even as crises subside. The ircli'sion of emerging technologies with
existing wastewater surveillance infrastructi’=~ cc'ild help to identify potential organisms and

pathways of transmission prior to a diseasc b2coming epidemic or pandemic.

Identification of the factors influencing detection of SARS-CoV-2 within community subsets,
such as the dormitories monitored in s swdy, is crucial to detection of limited cases as the
COVID-19 pandemic progresses . s well as the adaptation of methods for other microbial
organisms of concern. As we nov. know, detection rates vary by location and housing type, thus
individual sampling locations vill need to be assessed to select the appropriate collection
periods. Emerging orcan,~ms may be shed in different concentrations, particularly if the
digestive tract is primarily nfected, which will undoubtably require additional investigation.
However, the factors influencing detection of microbiological organisms in wastewater have

been identified, creating a framework for future WBE applications.
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Anderson-Coughlin et al.

Coordination of SARS-CoV-2 Wastewater and Clinical Testing of University Students

demonstrates the importance of sampling duration and collection time

Highlights

o Wastewater surveillance is complementary to clinical testing in small populations
e Virus levels in discrete samples fluctuate by dormitory and require consideration

o Wastewater production volumes and sample dilution vary .» dormitory style
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