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• Positive detection of SARS-CoV-2 RNA in
wastewater led to selected clinical testing.
• WBE identiﬁed one symptomatic and
two asymptomatic individuals in
a dorm.
• 79 positive wastewater samples provided early warnings of infection(s) in
13 dorms.
• Cases increased following holidays and
shelter-in-place policies proved effective.
• WBE paired with clinical testing and
interventions effectively contained
outbreaks.
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a b s t r a c t
Wastewater-based epidemiology has potential as an early-warning tool for determining the presence of COVID19 in a community. The University of Arizona (UArizona) utilized WBE paired with clinical testing as a surveillance tool to monitor the UArizona community for SARS-CoV-2 in near real-time, as students re-entered campus
in the fall. Positive detection of virus RNA in wastewater lead to selected clinical testing, identiﬁcation, and isolation of three infected individuals (one symptomatic and two asymptomatic) that averted potential disease
transmission. This case study demonstrated the value of WBE as a tool to efﬁciently utilize resources for
COVID-19 prevention and response. Thus, WBE coupled with targeted clinical testing was further conducted
on 13 dorms during the course of the Fall semester (Table 3). In total, 91 wastewater samples resulted in positive
detection of SARS-CoV-2 RNA that successfully provided an early-warning for at least a single new reported case
of infection (positive clinical test) among the residents living in the dorm. Overall, WBE proved to be an accurate
diagnostic for new cases of COVID-19 with an 82.0% positive predictive value and an 88.9% negative predictive
value. Increases in positive wastewater samples and clinical tests were noted following holiday-related activities.
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However, shelter-in-place policies proved to be effective in reducing the number of daily reported positive
wastewater and clinical tests. This case study provides evidence for WBE paired with clinical testing and public
health interventions to effectively contain potential outbreaks of COVID-19 in deﬁned communities.
© 2021 Published by Elsevier B.V.

dorm prior to convergence or mixing with other sewer lines, resulting
in samples speciﬁc to individual buildings with deﬁned communities.
Wastewater samples were collected from a sewer manhole speciﬁc
to Dorm A, without convergence or mixing from other sewer lines.
Grab samples (1 L) were collected from the manhole using a pole/dipper and submerging a sterile Nalgene bottle into the ﬂowing wastewater until it was full. Samples were collected at 8:00 am on August 18 and
20 during the week that students moved into the dorm. Daily samples
were collected from August 25–31 to monitor SARS-CoV-2 RNA in
wastewater during the ﬁrst week of classes. On August 26, ﬁve samples
were collected ﬁve minutes apart between 8:30–8:50 am when peak
ﬂow occurred indicating maximum restroom usage to determine sample variation during sample collection. On August 27, two more samples
were collected from Dorm A, one in the morning (9:30 am) and afternoon (1:15 pm) to ensure the presence or absence of the virus at different times of the day.
Wastewater samples were also collected twice-per-week from
sewer manholes to monitor 13 dorms throughout the Fall semester
(August 24 to November 20, 2020). Each wastewater sample was
collected from a manhole speciﬁc to an individual dorm; thus, all wastewater samples were speciﬁc to deﬁned communities living in each
dorm. There is also the possibility of a guest or non-resident employee
contributing to the wastewater, but this occurrence is unlikely early in
morning. All samples were transported in a cooler containing ice to
the laboratory for immediate processing.

1. Introduction
As of February 2021, more than one-hundred million conﬁrmed cases
worldwide of the novel Coronavirus Disease, COVID-19 have been reported to the World Health Organization (World Health Organization
(WHO), 2020). Individuals infected by the causative agent of COVID-19,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), may
develop fever, cough and shortness of breath 2–14 d after exposure,
followed by high viral shedding in bodily ﬂuids (Long et al., 2020). Viral
shedding by asymptomatic or mild cases of COVID-19 are also common
(Gao et al., 2020) with implications in the transmissibility and global
burden of COVID-19 (Davies et al., 2020; Widders et al., 2020; Zhao
et al., 2020). In particular, asymptomatic transmission of SARS-CoV-2
challenges contact tracing efforts (Peirlinck et al., 2020), although presymptomatic transmission has been documented through contact tracing
efforts (He et al., 2020; Kimball et al., 2020; Yu et al., 2020). Consequently,
infectious disease surveillance such as wastewater-based epidemiology
(WBE), provides a response to emerging infections, but containment of
COVID-19 has remained a signiﬁcant challenge (Daughton, 2020; Knoll
et al., 2020; Wee et al., 2020).
Initially implemented to detect poliovirus reemergence (Hovi
et al., 2001; Manor et al., 1999), WBE utilizes concentrations of
SARS-CoV-2 in sewage to monitor population-level COVID-19 cases
(Bivins et al., 2020; Daughton, 2018; Sinclair et al., 2008). Currently,
WBE is a promising leading indicator to support public health decisions (Bivins et al., 2020; Medema et al., 2020a). Here, WBE was
used to detect the presence of COVID-19 in a student dormitory
(henceforth Dorm A) at the University of Arizona (UArizona) and
was used as the foundation of a strategy to contain potential outbreaks of disease following student re-entry onto campus for the
Fall semester of 2020. Upon positive detection of viral RNA in wastewater samples, clinical testing was conducted on every individual
living in the dorm. Testing the wastewaters also allowed for evaluation of the effects of an intervention introduced onto the university
community, mid-semester, namely a “shelter in place” order imposed on the students.

2.2. Virus concentration and recovery
The method for recovery and concentration of SARS-CoV-2 from
wastewater was validated and standardized using human coronavirus
229E (HCoV 229E, ATCC VR-740) as a surrogate. Brieﬂy, the initial
virus concentration involved stepwise vacuum ﬁltration of 70 mL aliquots through membrane ﬁlters of 0.8, 0.65, 0.45 and 0.22 μm pore
sizes (EMD Millipore, Billerica, MA) followed by centrifugal ultraﬁltration of the ﬁltrate using the CentriconPlus-70 ﬁlter, 100 kDa cutoff
(EMD Millipore, Billerica, MA). The ﬁnal concentrate sample volume
(0.2 mL to 0.4 mL) was used for RNA extraction as described below.
Matrix spikes were used to evaluate the performance and recovery efﬁciency of the method for concentration of enveloped viruses from
wastewater samples from UArizona dormitories. The surrogate HCoV
229 E was spiked in dormitory sewage at concentrations between
4.64 × 104 to 4.43 × 106 genome copies per mL of wastewater (GC/mL).
Aliquots of 0.5 L of raw sewage were spiked and processed 30 min
later, following the method described above. Recovery efﬁciencies
(Y) of HcoV 229 E were calculated as follows:

2. Materials and methods
2.1. Wastewater sampling
On March 13, 2020, following the outbreak of the Coronavirus pandemic, UArizona advised students and employees to work remotely.
During the summer, UArizona administration assembled a Task Force
and Campus Re-Entry Working Groups to prepare for students' safe return. Seven expert teams were created, consisting of COVID-19 clinical
testing: thermometry and wellness checks' contact tracing’ healthcare
and guidance’ isolation’ data platforms and communication’ and WBE.
Utilization of WBE in conjunction with clinical testing was deemed to
be critical for the early detection of infections in student dorms.
The WBE expert team hypothesized that surveillance of deﬁned
communities in dorms would provide an effective means for identifying
new cases of COVID-19 since: 1) each dorm contained a known population; 2) dorm students provide a representation of the overall status of
campus health; 3) wastewater samples could be collected from individual buildings; and 4) actionable public health responses could be initiated in the event of positive wastewater detection. Wastewater
samples were collected from sewer manholes downstream from each

Y ¼ X=ðCo  VÞ  100
Y: Recovery yield of the concentration method
X: Recovery HCoV-229 E copy number (copies/mL detected vs
copies/mL added)
Co: Stock HCoV-229 E copy number added into test water (copies/μL)
V: Added stock HCoV 229 E volume (μL)
It is important to note that matrix spikes were included only in a
baseline study in order to evaluate the recovery efﬁciency of the
method. The concentrations of SARS-CoV-2 RNA were not adjusted to
the estimated recovery efﬁciencies.
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quantiﬁed. The LoQ was determined using the CqLoD and the standard
deviation of CqLoD as previously deﬁned. A Cq value for the LoQ
(CqLoQ) was calculated as follows:

2.3. Virus detection and quantiﬁcation
The nucleic acid of both SARS-CoV-2 and HCoV 229 E was extracted
from the ﬁnal concentrate sample volume (0.2 mL) using the QIAGEN
QIAmp Viral Mini Kit (Qiagen, Valencia, CA) following the manufacturer's instructions using 2 × 40 μL Buffer AVE for elution of RNA. cDNA
synthesis was performed from the extracted RNA using the
SuperScript® IV First-Strand Synthesis reverse transcription kit
(Invitrogen, Carlsbad, CA) with random hexamers following manufacturer's instructions. Samples were assayed for SARS-CoV-2 using the
RT-PCR assays manufactured at Integrated DNA Technologies (IDT,
Coralville, IA) for research use only (RUO). RUO kits include all published assays for the nucleocapsid genes N1 and N2 developed by the
Centers for Disease Control and Prevention (Table S1). Similarly, samples were assayed for HCoV 229 E using a real-time quantitative reverse
transcriptase PCR (RT-qPCR) assay previously developed for the rapid
detection and quantitation of this virus in clinical samples (Vijgen
et al., 2005).
Real-Time RT-PCR assays were performed using the LightCycler® 480
Instrument II (Roche Diagnostics, Indianapolis, IN). For SARS-CoV-2, reaction mixtures (25 μL) contained 12.5 μL of LightCycler 480 Probes Master
(Roche Diagnostics), primers at a ﬁnal concentration of 500 nM and
probes at 125 nM, nuclease-free water plus 5 μL of template cDNA. Cycling conditions included a pre-incubation step of 10 min at 95 °C for activation of FastStar Taq DNA polymerase followed by 45 cycles of
ampliﬁcation (5 s at 95 °C and 30 s at 55 °C). For HCoV 229 E, reaction
mixtures (25 μL) contained 12.5 μL of LightCycler 480 Probes Master
(Roche Diagnostics) primers (300 nM) and probe (200 nM),
nuclease-free water (5 μL) plus 5 μL of viral cDNA. Cycling conditions
included activation of DNA polymerase (10 min at 95 °C) and 45 cycles of ampliﬁcation (15 s at 95 °C and 1 min at 60 °C). Fluorescence
data were collected after every cycle and analyzed with LightCycler®
480 Software version 1.5.1.6.2 (Roche Diagnostics). Primers and
probes used for detection and quantitative estimation of SARS-CoV2 RNA and HCoV 229E RNA in wastewater sample concentrates are
described in Table S1.
For quantiﬁcation of SARS-CoV-2 and HCoV-229 E, standard curves
were generated based on IDT reported titers, using ten-fold dilutions
of a plasmid control from 2 × 105 copies/reaction to 2 × 100 copies/reaction containing the complete nucleocapsid gene from 2019-nCoV
(IDT, Coralville, IA) and a gBlock gene fragment (3.82 × 106 copies/reaction to 3.82 × 100 copies/reaction, IDT, Coralville, IA).The Roche system
was used based on second-derivative Cq determination and nonlinear
ﬁt algorithms. Limits of blank, detection, and quantiﬁcation for the
RT-qPCR assays were determined following standard procedures previously described (Francy et al., 2012) and currently in use in our laboratory. Limit of blank (LoB) are deﬁned as the lowest concentration that
can be reported with 95% conﬁdence to be above the concentrations
of blanks. The LoB was used to determine the most accurate limit of
detection based on 100 reactions. It is the highest apparent concentration expected to be found when replicates of a blank are tested
and is determined by calculating the 95th percentile of the Cq values
for all the blanks (reagent water containing no target material) for a
speciﬁc target (CqLoB). This includes the Cq values for no-template
controls, extraction blanks, and ﬁlter blanks. Limit of detection
(LoD) is deﬁned as the lowest concentration that can be detected
with 95% conﬁdence that it is a true detection and can be distinguished from the LoB. The LoD was determined by running a series of
dilutions of the target with a minimum of 10 replicates per dilution.
The dilution with the lowest concentration of known target that met
the following requirements was chosen as the LoD: 1) the standard deviation (in Cq values) of the replicates was less than one and 2) all replicates were positive (> LoD). The average Cq value (CqLoD) for this
dilution was used to calculate a concentration (copies/rxn) using the
standard curve run with the dilution series. Limit of quantiﬁcation
(LoQ) is deﬁned as the lowest concentration that can be accurately

CqLoQ ¼ CqLoD−2ðσCqLoDÞ
where σCqLoD is the standard deviation of the CqLoD for this assay. This
CqLoQ was used to calculate a concentration (copies/rxn) using the
standard curve run with the dilution series. A summary of the performance of the standard curves for each assay is given in Table S2.
2.4. Clinical testing and public health protocols
UArizona performs two clinical tests for COVID-19 diagnosis: antigen (Soﬁa SARS Antigen FIA, Quidel, San Diego, CA, USA) via anterior
nasal swab and RT-PCR (CDC 2019-nCoV RT-PCR Diagnostic Panel)
(Centers for Disease Control and Prevention Division of Viral Diseases,
2020) via nasopharyngeal swab samples. These tests were developed
and analytical performance characteristics have been determined by
the University of Arizona Genetics Core for Clinical Services. This assay
was developed as a Laboratory-Developed Test and has been validated
pursuant to the CLIA regulations and is used for clinical purposes.
These tests are not yet approved or cleared by the United States Food
and Drug Administration (FDA).
Upon arriving on campus, every individual was required to report to
a designated COVID-19 testing site and undergo an anterior nasal swab
for antigen testing. Individuals were kept on-site until tests results were
noted. Each individual was required to test negative before receiving access to the dorm and campus buildings. If a person had a positive
COVID-19 test, they were required to isolate for a minimum of
10 days (at home or in a designated isolation dorm) from the onset of
symptoms or from the date the sample was taken, per guidelines from
the United States Center for Disease Control and Prevention (CDC)
(Centers for Disease Control and Prevention (CDC), 2020). If the individual remains symptom-free after 10 days, they can be cleared to return to
the dorm; however, if symptoms persist they may be kept in isolation
longer.
While living in the dorm, individuals were subject to clinical testing
via two routes: Campus Health Services (CHS) or Test All Test Smart
(TATS). CHS testing was conducted only on individuals that were
experiencing symptoms and reported to the health services building
for clinical testing and diagnosis. TATS testing was conducted on every
individual living in the dorm upon positive detection of SARS-CoV-2 in
wastewater that suggested prevalence of disease among persons in
the dorm. Individuals were excluded from TATS testing if they had already reported to CHS for testing on the same day or had proof of recently returning from isolation and no longer experiencing symptoms.
In essence, CHS tested individuals that were symptomatic, and TATS
tested individuals that were asymptomatic or had not yet reported
symptoms. CHS and TATS both utilized anterior nasal swab samples
for antigen and/or PCR tests.
3. Results and discussion
The matrix spike assays yield an average recovery of 14 ± 16% which
indicated low and highly variable efﬁciencies of recovery of HCoV 229 E
in wastewater as observed in studies with other coronaviruses used for
the same purpose (Medema et al., 2020b; Randazzo et al., 2020). Low
recoveries of enveloped and non-enveloped viruses in wastewater and
variations in the efﬁciency of the methods are predominantly associated
with the complexity of this environmental matrix (Hellmér et al., 2014;
Michael-Kordatou et al., 2020).
Upon positive detection of viral RNA in wastewater samples,
targeted clinical testing was conducted on residents living within
dorms. UArizona performed two clinical testing modalities, antigen
(1-hour turnaround) test via anterior nasal swab and RT-PCR
3
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Fig. 1. Timeline of events at Dorm A. Legend: Dates (left to right) and events (top to bottom) are listed in chronological order. WW = wastewater.

per CDC guidelines (Centers for Disease Control and Prevention Division
of Viral Diseases, 2020). Results of this retest were not available until
August 29.
Over the next two days, antigen tests (34 individuals) and PCR tests
(24 individuals) were conducted among individuals not tested on
August 26. All tests were negative (Table 2); corresponding wastewater
samples from August 27 and 28 were also negative (Table 1), indicating
that the source(s) for SARS-CoV-2 had likely been removed from the
dorm. However, wastewater analysis on August 29 was positive for
both N1 (1.04 × 104 copies/L) and N2 (9.93 × 105 copies/L) genes
(Table 1). From the TATS samples conducted on August 26, PCR results
were positive for two tests three days later (Table 2), one of which was
collected from Person A, who was isolated contemporarily. The other
positive result conﬁrmed Person C, who previously had inconclusive results. Person C was immediately relocated into isolation despite being
asymptomatic.
Interestingly, SARS-CoV-2 RNA was not detected in wastewater on
August 27 and 28 while Person C lived in the dorm. Reports have suggested that approximately 50% of COVID-19 patients shed virus in
feces (Medema et al., 2020a). Therefore, it is possible that Person C
was not shedding virus or had low viral shedding on August 27 and
28. The low viral shedding load justiﬁcation is supported by the fact
that 40 cycles of PCR (Cq = 40) were required for the positive PCR result, which suggested trace amounts of SARS-CoV-2 (Service, 2020). Recent studies have also observed that viral loads from stool samples
follow a more erratic pattern than viral loads from the upper respiratory
tract (Walsh et al., 2020; Zheng et al., 2020). Importantly, on August 28,
another person who was previously infected, Person D, returned to the
dorm after following isolation protocols. Reports suggest that viral
shedding from the upper respiratory tract may peak in the ﬁrst week
of infection (Cevik et al., 2020); however, low viral shedding in feces
can continue for over two weeks after symptoms have ceased (Chen
et al., 2020; Park et al., 2020; Walsh et al., 2020; Wang et al., 2020;
Zheng et al., 2020). On August 29, viral RNA was detected in wastewater
from Dorm A. This positive result was likely due to combined shedding

(48–72 h turnaround) via nasopharyngeal swab samples. Individuals
were subject to clinical testing via CHS and/or TATS throughout the
semester.
A baseline survey of SARS-CoV-2 RNA in wastewater was conducted
prior to the fall semester via wastewater sample collection from multiple dorms between August 18–20, 2020, when some students had already returned for fall semester. No SARS-CoV-2 RNA was detected in
these samples. Negative results corresponded with the requirement
that all students were determined negative prior to dorm entry. The
largest number of students that moved into campus housing occurred
on August 21, three days before the start of classes on August 24
(Fig. 1). On August 25, wastewater from Dorm A tested positive for
SARS-CoV-2 N1 gene (1.61 × 105 copies/L) (Table 1). This positive sample triggered an emergency UA Task Force meeting, which supported
additional wastewater sampling and clinical testing among Dorm A residents (Fig. 1).
The next day (August 26, 2020), ﬁve wastewater samples were collected once every 5 min between 8:30–8:50 am. Importantly, all ﬁve
samples yielded virtually identical SARS-CoV-2 concentrations
(Table 1), even though an estimated 1000 gal of wastewater had ﬂowed
through the sewer during the collection period. This validated the presence for SARS-CoV-2 in the wastewater samples that were representative of the resident population living in the dorm. This also conﬁrmed
that SARS-CoV-2 surveillance could be conducted through monitoring
sewer systems, which has been utilized for other pathogens (Manor
et al., 2014; Sinclair et al., 2008). That same day, 270 antigen tests and
260 PCR tests were conducted on-site at Dorm A (via TATS) among
the 311 total residents (Table 2). Antigen testing identiﬁed one positive
individual (Person A) despite demonstrating no symptoms. The other
269 antigen tests were negative. Simultaneously, an additional individual reported experiencing symptoms (Person B) to CHS and tested positive via an antigen test. Person A and Person B were immediately
relocated into an isolation facility to prevent viral transmission. One
PCR test was inconclusive (Person C) as the Cq was near 40 and retested

Table 1
Wastewater surveillance from manhole samples at Dorm A.
Date

Time

Aug 18
Aug 20
Aug 25
Aug 26

8:00
8:00
8:30
8:30
8:35
8:40
8:45
8:50
9:30
1:15
9:05
8:00
9:15
9:30

Aug 27
Aug 28
Aug 29
Aug 30
Aug 31

am
am
am
am
am
am
am
am
am
pm
am
am
am
am

N1 (copies/L)

N2 (copies/L)

Non-detect
Non-detect
Non-detect
3.84 × 105
3.74 × 105
Non-detect
1.73 × 105
3.77 × 105
Non-detect
Non-detect
Non-detect
1.00 × 104
Non-detect
Non-detect

Non-detect
Non-detect
1.61 × 105
1.06 × 106
1.06 × 106
1.06 × 106
1.06 × 106
1.06 × 106
Non-detect
Non-detect
Non-detect
9.93 × 105
Non-detect
Non-detect

Table 2
COVID-19 clinical testing results for persons living in Dorm A.
Date

CHS antigen

CHS PCR

TATS antigen

TATS PCR

Total positive

Aug 24
Aug 25
Aug 26
Aug. 27
Aug 28
Aug 29
Aug 30
Aug 31

–
0/1
1/4
0/1
0/2
–
–
0/2

0/1
–
1/4
0/1
0/2
–
–
0/1

–
0/2
1/270
0/26
0/5
–
–
–

–
–
2/260
0/21
–
–
–
–

0
0
3
0
0
0
0
0

No clinical tests were performed at the dorm prior to August 24, since all individuals tested
negative at a designated testing site on-campus prior to entering the dormitory between
August 17 and 23. CHS = campus health service; TATS = Test All Test Smart. Dash line
(−), no tests conducted. Numerator is number of positive tests. Denominator is total number of tests conducted. On August 28, one individual returned to the dorm after completing
isolation protocols.

Non-detect = below Limit of Detection (LoD).
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resulting from the holiday-related activities would be reﬂected in new
cases being detected likely about ﬁve days thereafter (Lauer et al.,
2020). Following the spike, the president of UArizona, endorsed a “shelter in place” policy imposed by Pima County on September 15–29, 2020.
The effectiveness of this intervention resulted in a dramatic decrease in
the number of daily new-reported cases by September 21 (Fig. 2). The
decrease in new cases was associated with decreased viral concentrations in the wastewater over this period. Following this intervention,
case counts remained remarkably low, and often zero for the rest of
September, October, and into November. The vast majority of students
left campus the Friday before Thanksgiving, November 20, and did not
return to campus. Therefore, there are no WBE results to report for the
month of December as the ﬁnal weeks of courses and exams were conducted remotely online.

Table 3
WBE accuracy as an early-warning diagnostic for new cases of COVID-19.
Clinical

Wastewater

Positive
Negative

Positive

Negative

79
25

20
195

Sensitivity (76.0%).
Speciﬁcity (90.7%).
Positive predictive value (79.8%).
Negative predictive value (88.6%).

from Person C and Person D. The removal of Person C on August 29
corresponded to lower shedding loads, and ultimately, negative wastewater samples during the following days. Due to negative wastewater
samples on August 30 and 31 (Fig. 1; Table 1), no further clinical testing
was performed on residents in Dorm A during this timeframe.
The successful use of WBE coupled with targeted clinical testing in
Dorm A provided conﬁdence for an early-warning system that can
avert COVID-19 outbreaks. Therefore, this program was expanded to
monitor 13 dorms during the course of the semester. Speciﬁcally, 91
out of 111 (82.0% positive predictive value) positive wastewater samples successfully provided a warning that at least one individual living
in the dorm was positive with a SARS-CoV-2 infection (Table 3); results
were conﬁrmed via a positive clinical test within 4 days of the wastewater sample. This corroborates with a recent report that suggests peak
shedding occurs within the ﬁrst week of illness (Cevik et al., 2020).
Also, 185 out of 208 (88.9% negative predictive value) negative wastewater samples concurred with no new positive individuals on dormitory screenings (Table 3). Only 43 out of 319 total wastewater
samples were discordant with results from clinical tests (Table 3). Positive wastewater samples not followed with positive clinical tests could
be due to infected visitors who used the dorm restroom(s) but were not
residents. In addition, on few occasions less than 100% of the dorm residents were tested, due to being out of the building at the time of clinical
testing or other reasons.
The beneﬁts of the containment strategy are clearly illustrated by
Fig. 2. At the beginning of the semester there were no infections in the
monitored dorms. Following campus re-entry, there were clusters of
cases during the ﬁrst 18 days of the semester. This was followed by a
dramatic spike in cases beginning September 14, likely due to student
behavior around the Labor Day holiday on September 7. Infections

4. Conclusions
The combined strategy of utilizing WBE coupled with targeted clinical testing was critical in COVID-19 containment. WBE strategies
averted potential transmission from at least three students, which
allowed the university to remain open, and even establish limited inperson classes for students. The data from this study provide evidence
that gatherings of students, typiﬁed by the surge of cases after Labor
Day, may have resulted in increased COVID-19 incidence. It should be
noted that ﬁndings validate WBE as an important tool that can and
should be used in tandem with diagnostics and infection prevention
practices to intervene in COVID-19 transmission, and ultimately save
lives.
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