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Introduction
The US Department of Health and Human Services faced limited diagnostic
capacity nationwide due to an overwhelming demand for clinical testing for
SARS-CoV-2 during the beginning of the COVID-19 pandemic. Monitoring
the titers of SARS-CoV-2 in wastewater throughout a community outbreak
is more cost-effective and may help detect and estimate the prevalence of
COVID-19 and assess whether there is community spreading of SARS-CoV2. Continued monitoring of the titers of SARS-CoV-2 in wastewater could
serve as an early warning tool for future outbreaks or persistence of a
COVID-19 variant.
Early detection and continuous monitoring of this coronavirus in the
community can help federal agencies implement appropriate approaches to
restrain the spread of COVID-19 and decrease the burden of patient
admissions in healthcare facilities in case of future pandemic waves. In
addition, the implementation of a routine surveillance would inform about
the impact of the vaccine on fecal shedding of the virus in the population
and the efficacy of interventions. An improved understanding of the
presence and prevalence of SARS-CoV-2 in the communities can help
prevent the exponential spread of COVID-19 and have a direct public health
benefit.
The wastewater surveillance has been successfully used for decades to track
and provide early warnings of outbreaks for other pathogens such as
Poliovirus, Norovirus, Hepatitis A, SARS and others. And it has been
applied in many locations in the US and other countries to monitor COVID19.
Here, we optimized a method and incorporated several performance
controls following best practices in this research area to build confidence in
the study findings with regards to quantification of SARS-CoV-2 RNA by
RT-qPCR in wastewater samples.

Results and Discussion
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Negative control: no template added on RNA isolation and RT-qPCR
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Figure 1. Estimated SARS-CoV-2 RNA titers in wastewater samples
collected between 28th April 2020 and 06th April 2021 in four water
treatment facilities in metropolitan areas of Arkansas. The SARS-CoV-2
titers were adjusted for BCoV recovery rate and PMMoV RNA and are
presented as log10 of viral RNA copy number per milliliter of wastewater.
Data shown per each of the three genes quantified (ORF1ab, S-protein,
and N-protein) and their average.
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Although severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
can cause severe illness and death, a percentage of the infected population
is asymptomatic. This, along with insufficient diagnostic testing and lack of
willingness to test, contributes to the silent transmission of COVID-19 and
highlights the importance of implementing additional surveillance tools.
The shedding of the virus in the feces of infected individuals enables its
detection in community wastewater, and this has become a valuable public
health tool worldwide as it allows the monitoring of the disease on a
community or populational scale.
We have developed a method to monitor the presence of SARS-CoV-2 RNA
in wastewater and applied it to selected metropolitan areas in Arkansas.
Twenty four-hour composite samples of wastewater influent from four
water treatment facilities were assessed for the presence of SARS-CoV-2
RNA. Here we report the levels of three different SARS-CoV-2 genes
encoding ORF1ab polyprotein (ORF1ab), surface glycoprotein (S-protein),
and nucleocapsid phosphoprotein (N-protein) in wastewater samples
collected between late April 2020 to early April 2021. RNA sequencing of
some of these samples confirmed the identity of fragments of SARS-CoV-2
genome. The temporal dynamics of SARS-CoV-2 titers in wastewater
concurred with the increased number of positive COVID-19 cases reported
in Arkansas. This study indicates that the wastewater surveillance may be
used as a reliable tool for COVID-19 monitoring at the community level.

Materials and Methods

Figure 3. Total RNA-seq analysis of selected wastewater samples
collected between April and December 2020 in four water treatment
facilities in metropolitan areas of Arkansas. The mean depth of k-mer
coverage of SARS-CoV-2 genome was adjusted for mean depth of k-mer
coverage of PMMoV genome. These samples have not been seeded with
BCoV.
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Total RNA sequencing libraries were generated using Illumina
Stranded Total RNA Prep Ligation with Ribo-Zero Plus library
preparation kits and sequenced on an Illumina NextSeq 500 system.
Table 1. Wastewater influent flow and estimated size of the population
being sampled in each water treatment facility*.
Water Treatment
Facilities
Adams Field

Location

Estimated
population size
Little Rock, AR
135,769

Influent flow
(MGD**)
23.3 ± 1.5

Fourche Creek

Little Rock, AR

50,239

11.0 ± 1.7

Little Maumelle

Little Rock, AR

10,285

2.1 ± 0.2

Pine Bluff

Pine Bluff, AR

42,271

8.3 ± 1.1

Figure 2. Daily number of positive COVID-19 cases in Little Rock and Pine
Bluff, AR, as reported by the Arkansas Department of Health. These data
reflect positive RT-qPCR tests in individuals tested for SARS-CoV-2. The
outlier seen on 15th May 2020, in Pine Bluff was due to an outbreak in a
correctional facility.

Figure 4. SARS-CoV-2 genome coverage in wastewater samples collected
on 29th December 2020 in four water treatment facilities in metropolitan
areas of Arkansas.

Conclusion
 SARS-CoV-2 RNA was detected in wastewater samples collected from four
water treatment plants covering the Little Rock and Pine Bluff, AR
metropolitan areas from April 2020 to April 2021.

 The temporal dynamics of SARS-CoV-2 titers in wastewater concurred
with COVID-19 cases reported in these two metropolitan areas by the
Arkansas Department of Health.

 The levels of SARS-CoV-2 RNA in wastewater samples peaked on 17
 Total RNA sequencing of selected samples confirmed the identity of
* Information provided by Little Rock Water Reclamation Authority and Pine Bluff
November 2020 (Fourche Creek and Pine Bluff) and 29 December 2020
fragments of SARS-CoV-2 genome in wastewater. Future work will
Wastewater Utility.
(Adams Field and Little Maumelle) and, although the levels have decreased
evaluate if wastewater samples with high SARS-CoV-2 titers could be
** MGD = Million gallons per day. Data are expressed as mean ± standard error of the
since then, SARS-CoV-2 RNA is still being detected at significant levels in
suitable for variant detection using targeted next-generation sequencing.
mean.
wastewater samples collected in these two metropolitan areas of Arkansas.
 This study indicates that wastewater surveillance using the COVID genes
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PCR values may be used as a reliable complementary tool for COVID-19
monitoring at the community level.
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