
Persons living in long-term care facilities (LTCFs) 
have experienced disproportionate illnesses and 

deaths from the COVID-19 pandemic. By June 2020, 
>50,000 COVID-19 deaths had occurred in LTCF resi-
dents in the United States, an estimated 43% of all US 
COVID-19 deaths in a group comprising <1% of the 
US population (1). Nearly 2 years later, the COVID-19 

pandemic continues to cause disproportionate ill-
nesses and deaths in this vulnerable population and 
is responsible for >200,000 LTCF resident deaths in 
the United States (2).

Early detection of SARS-CoV-2 infection in LTCF 
staff or residents is an important strategy to mitigate 
SARS-CoV-2 transmission. Routine symptom screen-
ing of LTCF employees and residents was the prima-
ry strategy to detect infections early in the pandemic. 
However, symptom screening misses persons with 
presymptomatic or asymptomatic SARS-CoV-2 infec-
tion (3) and performs similarly to the flip of a coin for 
identifying persons with SARS-CoV-2 infection (4). 
Clinical testing, which was heavily constrained early 
in the pandemic, became the preferred screening ap-
proach as testing capacity increased in 2020. Federal 
and state guidance encouraged routine clinical test-
ing of unvaccinated asymptomatic LTCF staff with 
the frequency determined by the level of community 
transmission (5). However, routine clinical testing of 
large numbers of asymptomatic persons is expensive, 
invasive, and inefficient and may be inaccurate de-
pending on the type of clinical test used.

Wastewater surveillance provides an alternative 
strategy for SARS-CoV-2 detection by evaluating 
samples of wastewater for the presence of viral bio-
markers like RNA (6). Persons infected with SARS-
CoV-2 shed virus in their feces (7); early in the pan-
demic, scientists reported detecting the virus in the 
wastewater of urban areas (8,9). Many municipalities  
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Persons living in long-term care facilities (LTCFs) were 
disproportionately affected by COVID-19. We used 
wastewater surveillance to detect SARS-CoV-2 infection 
in this setting by collecting and testing 24-hour compos-
ite wastewater samples 2–4 times weekly at 6 LTCFs 
in Kentucky, USA, during March 2021–February 2022. 
The LTCFs routinely tested staff and symptomatic and 
exposed residents for SARS-CoV-2 using rapid antigen 
tests. Of 780 wastewater samples analyzed, 22% (n 
= 173) had detectable SARS-CoV-2 RNA. The LTCFs 
reported 161 positive (of 16,905) SARS-CoV-2 clinical 
tests. The wastewater SARS-CoV-2 signal showed vari-
able correlation with clinical test data; we observed the 
strongest correlations in the LTCFs with the most posi-
tive clinical tests (n = 45 and n = 58). Wastewater surveil-
lance was 48% sensitive and 80% specific in identifying 
SARS-CoV-2 infections found on clinical testing, which 
was limited by frequency, coverage, and rapid antigen 
test performance.
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across the United States surveilled wastewater at 
treatment plants for SARS-CoV-2, while universities 
tested wastewater at the building level; researchers 
used the collected data to trigger enhanced clini-
cal testing that led to identifying persons with pre-
viously unknown SARS-CoV-2 infections (10,11). 
We implemented wastewater surveillance to detect 
SARS-CoV-2 infection at LTCFs and assessed its per-
formance using routine clinical testing data.

Methods

Study Population and Site Selection
We collaborated with a LTCF organization that man-
ages >100 LTCFs across the upper Midwest of the 
United States. We identified LTCF study sites on the 
basis of their proximity to our research laboratory in 
Lexington, Kentucky; their sewer system design al-
lowing for facility-specific sampling; and presence 
of SARS-CoV-2 infections. We selected 3 LTCFs in 
Lexington and 3 LTCFs in Louisville, Kentucky; each 
facility served 67–160 residents and had 76–117 staff. 
The University of Kentucky Institutional Review 
Board approved this study (IRB no. 62384).

Wastewater Collection
We collected 24-hour composite LTCF effluent waste-
water samples 2–3 times/week at Louisville sites 
and 3–4 times/week at Lexington sites. We initiated 
wastewater sampling in both cities on March 19, 2021, 
and concluded wastewater collection on Decem-
ber 17, 2021, at the Louisville sites and on February 
18, 2022, at the Lexington sites. We installed Tele-
dyne ISCO GLS composite autosamplers (https://
www.teledyneisco.com/water-and-wastewater/gls- 
compact) with 12V batteries in effluent sewer pipes 
via the manhole access closest to the LTCF. The au-
tosamplers collected 100 mL of wastewater effluent 
every 20 minutes for 24 hours. Ice packed around the 
autosampler collection jug cooled the wastewater to a 
target temperature <4°C to minimize degradation of 
nucleic acids. After a 24-hour cycle of composite sam-
pling, we transported 250 mL of the composite waste-
water sample on ice to the laboratory for analysis and 
disposed of the remaining sample in the sewer.

Before initiating wastewater surveillance at 
one LTCF, we flushed RNA encoding for jellyfish-
derived enhanced green fluorescent protein (eGFP) 
into a toilet and collected 5-minute fractionated 
wastewater samples to measure the durability of 
the RNA signal in the wastewater effluent. We 
used real-time PCR to measure eGFP RNA in the  
fractionated wastewater samples. We detected 

eGFP in the initial wastewater fraction collected 3 
minutes after flushing and in most of the wastewa-
ter fractions (11/16) over the 2-hour collection win-
dow; those findings supported the use of a 20-min-
ute sampling cadence.

Quantification of SARS-CoV-2 in Wastewater
We extracted RNA from wastewater samples on 
the same day as sample collection. To address the 
heterogeneous distribution of biologic material in 
wastewater, we analyzed 8 replicates of 250 μL 
from each wastewater sample. We used exclusion-
based sample preparation (ESP) to extract nucleic 
acids from the wastewater replicates. We previous-
ly published a detailed description of this method 
for analysis of SARS-CoV-2 RNA in wastewater 
(12). In brief, we lysed samples and added para-
magnetic particles (PMPs) (SeraSil-Mag; Cytiva, 
https://www.cytivalifesciences.com). We vortexed 
the samples, heated them at 50°C for 20 minutes, 
and then tumbled them for 20 minutes. We load-
ed these samples into an ESP device (Extractman; 
Gilson, Inc., https://www.gilson.com) with wash 
buffers and processed the replicates as previously 
described. We heated the purified PMP-RNA com-
plexes for 20 minutes at 70°C to elute the RNA. We 
tracked RNA extraction efficiency using negative 
wastewater samples spiked with known concentra-
tions of whole SARS-CoV-2 virus (BEI Resources, 
https://www.beiresources.org).

We amplified and quantified ESP-purified RNA 
via real-time quantitative PCR using the CDC- 
recommended SARS-CoV-2 N1 gene primer and 
probe sequences (13). We used positive and negative 
controls with each PCR plate for quality assurance of 
the PCR process. For the positive control, we added 
SARS-CoV-2 RNA (BEI Resources) to the reaction. 
We calculated wastewater SARS-CoV-2 concentra-
tions on the basis of quantification cycle (Cq) values 
and the Roche LightCycler 2nd derivative maxi-
mum algorithm (https://diagnostics.roche.com). 
We translated Cq values into SARS-CoV-2 genomic 
concentrations using a standard curve (r2 = 0.985) 
constructed from serial dilutions of the BEI positive-
control RNA. We reported wastewater SARS-CoV-2 
values as the arithmetic average of 8 aliquots (or the 
number of aliquots with valid results) from a given 
sample in units of genome copies per milliliter of 
wastewater (gc/mL).

Clinical Testing
Clinical testing of LTCF staff and residents for SARS-
CoV-2 occurred in accordance with LTCF policy and 
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at the discretion of individual staff choosing to test 
outside the workplace. We received deidentified pos-
itive and negative clinical test results from staff and 
residents during the study period from the 6 facilities 
with wastewater testing. The LTCF organization used 
antigen-based point of care SARS-CoV-2 tests (Binax 
Now; Abbott, https://www.abbott.com) for routine 
staff screening. Employees who sought SARS-CoV-2 
testing outside of their employer’s testing program 
were required to report their test results to the LTCF 
organization.

Testing frequency of staff and residents followed 
federal and state guidance (https://chfs.ky.gov/
cv19/LTCFSurveillanceTestingFAQs.pdf). In ac-
cordance with that guidance, LTCF-based clinical 
testing happened routinely for unvaccinated staff 
working onsite, for symptomatic residents and em-
ployees, and for all residents and staff after a posi-
tive test result in a resident or staff member at the 
facility. Frequency of testing asymptomatic unvac-
cinated staff depended on the level of SARS-CoV-2 
transmission in the county in which the facility was 
located and varied from 2 times/week (high trans-
mission) to weekly (substantial transmission) to 
monthly (moderate/low transmission) according to a 
color-coded map (https://chfs.ky.gov/agencies/os/
oig/dhc/Pages/cvltc.aspx) based on CDC transmis-
sion risk criteria (https://covid.cdc.gov/covid-data-
tracker/#county-view).

Data Analysis
We provide a descriptive summary of the waste-
water RNA concentrations and clinical test data 
using counts, proportions, means, medians, and 
SDs. When a person had 2 consecutive SARS-CoV-2 
positive clinical test results within 21 days of each 

other, we excluded the second test result from the 
final analytic dataset because it likely represented 
the same SARS-CoV-2 infection. We defined a clus-
ter of cases when >1 LTCF resident from the same 
facility tested positive for SARS-CoV-2 within 14 
days. To evaluate whether wastewater testing iden-
tified SARS-CoV-2 in LTCFs earlier than routine 
clinical screening, we conducted a lead/lag time 
correlational analysis. We estimated the correlation 
between the wastewater RNA concentration and 
the number of identified positive clinical SARS-
CoV-2 infections at each LTCF and offset clinical 
testing data by 1–7 days before and after the waste-
water data collection date.

We estimated the SARS-CoV-2 wastewater con-
tribution per known clinical case by dividing waste-
water concentrations by the number of clinical 
cases to obtain an average wastewater viral concen-
tration per clinical case. We used weekly averaged 
wastewater SARS-CoV-2 concentrations and total 
weekly clinical cases for this calculation to moder-
ate differences in sampling and testing frequency 
between facilities. We excluded weeks when there 
were no clinical cases because this would result in 
dividing by 0.

We estimated the concentration of SARS-CoV-2 
RNA in wastewater corresponding to >1 clinically 
confirmed case at an LTCF by fitting a negative bino-
mial regression model to the weekly average number 
of positive clinical tests (Appendix, https://wwwnc.
cdc.gov/EID/article/30/3/23-0888-App1.pdf). Dur-
ing the model fitting procedure, we used the log-link 
function and the total number of LTCF residents as 
the exposure variable. We used the incidence density 
ratios for positive SARS-CoV-2 test results for each 
LTCF to estimate the incidence rate or probability 
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Table 1. Characteristics of clinical and wastewater testing for SARS-CoV-2 at 6 long-term care facilities, Kentucky, USA, 2021–2022* 

Site Person Population† 
Total no. clinical 
tests (% RAT†) 

SARS-CoV-2 
positive, no. (%) 

WW surveillance 
duration, d 

WW 
samples 

WW SARS-CoV-2 
detection, no. (%) 

A Resident 75 558 (94.8) 3 (0.5) 338 160 32 (20.0)  
Staff 89 1,607 (92.8) 24 (1.5)    

B Resident 65 525 (94.3) 14 (2.7) 338 160 42 (26.3)  
Staff 85 1,475 (87.1) 31 (2.1)    

C Resident 95 2,736 (99.4) 17 (0.6) 338 160 43 (26.9)  
Staff 117 3,808 (95.4) 41 (1.1)    

D Resident 160 730 (98.9) 6 (0.8) 274 102 18 (17.6)  
Staff 106 1,965 (93.6) 12 (0.6)    

E Resident 91 625 (96.8) 1 (0.2) 274 100 18 (18.0)  
Staff 98 1,951 (93.6) 7 (0.4)    

F Resident 67 94 (43.6) 1 (1.1) 274 98 20 (20.4)  
Staff 76 831 (85.9) 4 (0.5)    

All Resident 553 5,268 (97.0) 42 (0.8) 274–338 780 173 (22.2)  
Staff 571 11,637 (92.7) 119 (1.0)    

 All 1,124 16,905 (94.0) 161 (1.0)    
*RAT, rapid antigen test; WW, wastewater. 
†Population at time of study conclusion. 
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of identifying a clinical case in an LTCF during the 
surveillance period based on the wastewater signal. 
We assumed that SARS-CoV-2 RNA detected in the 
wastewater during the surveillance day correlated 
with symptomatic or asymptomatic persons infected 
and shedding SARS-CoV-2 virus into the wastewater. 
We used weekly RNA wastewater averages because 
of the limited number of wastewater samples collect-
ed during the week.

Last, we evaluated the sensitivity and specific-
ity of wastewater surveillance for detecting SARS-
CoV-2 infections identified through clinical testing. 
We categorized wastewater samples categorized 
as either positive or negative using various SARS-
CoV-2 RNA concentration threshold values (0–250 
gc/mL). In our analysis, we defined clinical test 
positivity as a positive clinical test result observed 

during the 1-week window after each wastewater 
measurement at that facility. We constructed 2 × 2 
contingency tables to allocate positive and negative 
wastewater and clinical testing results and calcu-
lated the sensitivity and specificity of wastewater 
testing at each wastewater SARS-CoV-2 RNA con-
centration threshold. The primary analysis used 
SARS-CoV-2 infections identified in staff and resi-
dents; a secondary analysis used only resident case 
data because staff may not defecate at work and they 
isolated at home following a positive test. We used 
SAS version 9.4 (SAS Institute Inc., https://www.
sas.com) for the statistical analyses.

Results
During March 19, 2021–February 18, 2022, we col-
lected and analyzed 780 composite wastewater 
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Figure 1. Wastewater SARS-CoV-2 concentrations (genome copies/mL; blue line) and incident cases of positive clinical SARS-CoV-2 
tests (red bars for residents, gray bars for staff) from 6 long-term care facilities (A‒F), Kentucky, USA, March 2021‒February 2022.

 
Table 2. SARS-CoV-2 case clusters and associated wastewater signal characteristics at 4 long-term care facilities, Kentucky, USA, 
2021–2022* 

Characteristic 
Facility 

B C C D 
Case cluster     

No. residents infected 14 10 7 4 
Duration, d 15 47 24 13 

Wastewater signal     
Period since previous positive signal, d 6 5 6 23 
Magnitude of previous signal, genome copies/mL 250.7 29.8 177.9 6.8 
Signal on day of initial positive clinical test, genome copies/mL 208.1 NA 53.5 NA 
Time from initial case to positive signal, d 0 2 0 12 
Signal range, genome copies/mL 0–467 0–663 0–687 0–39 
Fraction of samples with SARS-CoV-2 detected 6/8 12/26 8/13 1/4 

*Case clusters were defined as >1 resident testing positive for SARS-CoV-2 within 14 d at the same facility. Two clusters occurred at the same facility at 
different time points. NA, not applicable because no wastewater sample collected that day. 
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samples from the 6 LTCFs (98–160 samples per 
facility (Table 1). An additional 31 wastewater 
samples were collected but not processed due to 
reagent shortages (n = 21), processing delays fol-
lowing winter storms (n = 9), or contamination 
during laboratory extraction (n = 1). We identified  

SARS-CoV-2 RNA in 18%–27% of wastewater sam-
ples at each facility at levels of 0–1,726 gc/mL. The 
SARS-CoV-2 wastewater signal varied over time 
and across facilities (Figure 1); positivity was great-
er during December 2022–January 2023, which also 
was when most of the positive SARS-CoV-2 clinical 
tests were reported from facilities A–C that had on-
going wastewater surveillance.

During the wastewater surveillance period, the 
LTCF organization reported the results of 16,905  
COVID-19 tests from residents (n = 5,268) and staff 
(n = 11,637) at the 6 facilities (Table 1). Residents had 
42 (0.8%) positive tests and staff had 119 (1.0%) posi-
tive tests. In 4 instances, >1 LTCF resident from the 
same facility tested positive for SARS-CoV-2 within 
14 days, which we designated as a cluster of cases. 
Clusters included 4–14 residents and lasted 13–47 
days. Wastewater positivity varied in these clusters; 
25%–75% of samples had measurable SARS-CoV-2 
RNA (Table 2).

The wastewater signal had a statistically signifi-
cant correlation with clinical testing results. Facilities 
with <20 positive clinical tests showed poor correla-
tion with the wastewater signal. However, at the 3 fa-
cilities with >20 known cases, we observed significant 
correlations across time shifts of the wastewater data 
from 7 days before to 6 days after clinical test dates 
(Figure 2). The strongest correlations occurred with 
the wastewater signal shifted 1–6 days before the clin-
ical test dates.

On average, each identified clinical case corre-
sponded to a wastewater concentration of 26.9 gc/
mL. Using a log-linear incidence density model, we 
estimated the wastewater concentration associated 
with a probability of >0.5 clinically confirmed cases to 
206–743 gc/mL (Figure 3); the estimate at the 3 facili-
ties with the largest number of clinically confirmed 
cases was 206–336 gc/mL.

A positive wastewater SARS-CoV-2 signal (>0 
gc/mL) was 30.6% (95% CI 24.4%–36.9%) sensi-
tive and 79.7% (95% CI 76.4%–82.9%) specific in 
identifying a positive clinical test result when we 
included test data from staff and residents (Figure 
4). Wastewater sensitivity improved to 48.0% (95% 
CI 36.5%–59.4%) and specificity to 79.9% (95% CI 
77.0%–82.9%) when we considered only clinical 
test data from residents. Higher wastewater sig-
nal thresholds resulted in lower sensitivity and 
higher specificity. A wastewater signal threshold 
of 30 gc/mL resulted in a sensitivity of 39.7% (95% 
CI 28.5%–51.0%) and specificity of 92% (95% CI 
89.5%–93.6%) for identifying a LTCF resident with 
a positive SARS-CoV-2 test.
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Figure 2. Time shifted (−7 to +7 days) correlation between 
wastewater SARS-CoV-2 signal and positive SARS-CoV-2 clinical 
tests at 3 long-term care facilities with >20 positive clinical tests 
(facility A = 27, facility B = 58, and facility C = 45), Kentucky, USA, 
March 2021‒February 2022.
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Discussion
We collected and analyzed >700 wastewater sam-
ples for SARS-CoV-2 from 6 LTCFs during the sec-
ond year of the COVID-19 pandemic. By pairing the 
wastewater data with clinical testing results from 
staff and residents at the 6 facilities, we evaluated 
the performance of wastewater surveillance for de-
tecting clinical SARS-CoV-2 cases in this vulnerable 
population. Wastewater surveillance demonstrated 
statistically significant correlations with clinical test 
results, and the estimated correlation was stronger 
when considering the wastewater signal as leading 
clinical case identification; those findings suggest its 
potential as an early warning indicator of infection 
in a facility. Wastewater surveillance performance 
in discriminating the presence of a positive clinical 
SARS-CoV-2 test varied depending on the waste-
water signal threshold selected and it demonstrated 
better specificity than sensitivity. 

Several factors affected the performance of LTCF 
wastewater surveillance and challenged the inter-
pretation of the wastewater data. The population 
that contributed to the wastewater at an LTCF was 
dynamic and difficult to track. Residents were ad-
mitted and discharged, staff turnover was frequent, 
staff worked across multiple facilities, residents 
were visited by family members and friends, and 
visitors passed through the facilities. The frequency 
with which staff, visitors, and residents contributed 
waste to the LTCF sewer system was not known. In 
addition, the sewer access at facility B was where the 
facility’s effluent sewage joined the sewage from an 
adjacent apartment complex. Facility B wastewater 

samples may have inadvertently included waste-
water from persons living in or visiting the apart-
ment complex, which is the likely reason for the high 
SARS-CoV-2 RNA concentrations measured in June 
2021 in the absence of identified SARS-CoV-2 infec-
tions at the facility (14).

Negative wastewater samples observed at fa-
cilities with known SARS-CoV-2–infected residents 
could be attributed to residents wearing adult briefs 
secondary to fecal incontinence. For example, dur-
ing a cluster of 10 resident SARS-CoV-2 infections 
over 13 weeks (Table 2), 3 of the residents were com-
pletely incontinent and wore adult briefs. The feces 
from those residents were disposed in biomedical 
waste receptacles rather than in the sewer system. 
Three other residents were partially incontinent. Fe-
ces from those residents also may not have entered 
the sewer system. Diversion of LTCF resident waste 
may reduce the sensitivity of wastewater surveil-
lance in this setting.

Another likely cause of a negative wastewater 
signal in the presence of known infections is the 
variability with which SARS-CoV-2–infected per-
sons shed virus in their feces. Studies done early 
in the pandemic detected virus in stool samples of 
29%–59% of persons with COVID-19 (15–17). The 
patients in those studies were hospitalized and pre-
sumably infected with nonvariant SARS-CoV-2 vi-
rus. Shedding frequency may differ in persons with 
milder or asymptomatic illness, of different ages, or 
infected with SARS-CoV-2 variants. In addition, it 
is unknown how vaccination status and previous 
SARS-CoV-2 infection affect fecal shedding. Viral 
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Figure 3. The probability of a 
positive SARS-CoV-2 clinical 
test by long-term care facility 
as a function of the average 
weekly wastewater SARS-CoV-2 
concentration (genome copies/
mL) at that facility, Kentucky, 
USA, March 2021‒February 
2022. Facility-specific curves 
are A–F; the final curve is a 
composite curve that uses data 
from all 6 facilities. Vertical blue 
lines at 400 and 600 gc/mL serve 
as reference points to identify 
site-specific wastewater signal 
thresholds when the probably of 
detecting a SARS-CoV-2 case 
is >0.5.
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shedding frequency, intensity, and duration may 
have outsized effects on building-level wastewater 
surveillance because of the small numbers of per-
sons contributing to the wastewater.

To optimize our ability to detect SARS-CoV-2 in 
LTCF wastewater, we collected 24-hour composite 
samples using a 20-minute sampling cadence. As 
described in the Methods section, the results of our 
spiking experiment suggested that a 20-minute sam-
pling cadence would capture RNA associated with 
a bowel movement flushed into the sewer system at 
an LTCF. Our sample collection schedule meant that 
we obtained wastewater samples from 37% of days 
in Louisville and 47% of days in Lexington during 
our surveillance period. Because an infected person 
shedding virus is likely to do so for many days, a 
sampling frequency of 3–4 days per week should de-
tect the case-patients who shed virus into a facility’s 

wastewater system if they remain onsite during the 
duration of their illness.

Two additional properties of the wastewater 
samples may have affected our results. First, there 
were likely inhibitors (i.e., factors that degrade 
RNA, reduce PCR efficiency, or both) in the waste-
water of the LTFCs because of laundry, kitchen, 
and janitorial activities. Detergents decreased the 
detectable signal of extracted RNA by ≈100-fold 
in 1 study (18), and detergents used by LTCF staff 
may have degraded RNA in the sewer system. We 
did not assess for the presence of specific inhibiting 
compounds and do not know how substantial their 
burden and effects were on our laboratory analy-
ses. Second, wastewater is a highly heterogeneous 
matrix, and although we made reasonable efforts to 
homogenize wastewater samples (collecting com-
posite samples, mixing composite sample before 
aliquoting sample for laboratory analysis, mixing 
laboratory sample before aliquoting for replicate 
analysis), variation in RT-PCR results across the 8 
replicates from each composite sample suggests a 
heterogeneous distribution of SARS-CoV-2 virus 
within wastewater. Strike et al. demonstrated that 
our laboratory method combined with 8 replicates 
reliably detected SARS-CoV-2 RNA concentrations 
down to 100 gc/mL, and lower concentrations were 
observed after averaging zero and nonzero data-
points (12). In our study, many samples contained a 
mixture of positive and negative replicates. In those 
cases, positive replicates were averaged together 
with negative measurements (e.g., 0 gc/mL), often 
yielding average values <100 gc/mL.

We evaluated the performance of wastewater 
surveillance against the results of intermittent and 
incomplete clinical testing of LTCF staff and resi-
dents. Our LTCF partner implemented clinical test-
ing strategies that aligned with state and federal 
COVID-19 guidance, which yielded pragmatic clin-
ical testing data. Two limitations of the clinical test-
ing protocols may have affected data quality and 
completeness. First, asymptomatic LTCF residents 
were not routinely tested; testing occurred when 
the resident had a known or suspected contact 
with a case-patient, such as a facility staff member 
who had tested positive. Similarly, vaccinated staff 
were not routinely screened. Untested but infect-
ed asymptomatic residents or vaccinated staff or a 
visitor to the facility may have caused a positive 
wastewater signal that was interpreted as a false 
positive, given the absence of known cases at the 
facility. This scenario would decrease the estimated 
specificity of wastewater surveillance. The second 
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Figure 4. Sensitivity and specificity of SARS-CoV-2 wastewater 
surveillance for identifying positive SARS-CoV-2 clinical tests as a 
function of the wastewater SARS-CoV-2 signal strength in 6 long-
term care facilities, Kentucky, USA, March 2021‒February 2022. 
A) Staff and residents; B) residents only. Shaded areas indicate 
95% CIs.
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limitation was the LTCF organization’s use of rapid 
antigen-based SARS-CoV-2 tests for screening staff 
and residents. The poor sensitivity of antigen-based 
tests, particularly in asymptomatic persons (58% by 
a Cochrane meta-analysis [19]), likely resulted in 
some false-negative clinical screening tests, which 
would decrease the estimated specificity of waste-
water surveillance.

Our study adds to the sparse literature on 
SARS-CoV-2 wastewater surveillance at LTCFs. A 
team in Italy surveilled wastewater from 5 LTCFs 
for several months at the end of 2020 and intermit-
tently detected SARS-CoV-2 RNA in the wastewa-
ter of 4 of the facilities (20). As in our study, the 
presence of residents with identified COVID-19 
infection only intermittently resulted in a positive 
wastewater signal. Researchers in Spain consis-
tently detected SARS-CoV-2 in the wastewater ef-
fluent from an elderly residence when there were 
known clinical cases in the building; however, the  
number of known cases in a week was typically 
>10 (21). An alternative environmental surveil-
lance approach in Canada using analysis of floor 
swab samples for SARS-CoV-2 demonstrated good  
discriminatory ability to identify COVID-19 out-
breaks LTCFs (22).

In summary, we found that wastewater sur-
veillance for SARS-CoV-2 performed moderately 
well when compared with clinical testing. Our cor-
relational analysis indicated that a SARS-CoV-2 
wastewater signal may precede the identification 
of clinical cases at LTCFs, which suggests that such 
testing could provide an early warning to trigger 
enhanced clinical testing or infection prevention 
activities, such as physical distancing. Optimiz-
ing wastewater collection and analysis methods 
may improve surveillance performance; however, 
viral and contextual factors such as fecal shed-
ding rates, PCR inhibitors in the LTCF wastewa-
ter, and use of adult briefs likely limit wastewater 
surveillance performance in this setting. Improved 
understanding of the many potential contribu-
tors to wastewater signal variability will enhance 
the interpretation of this emerging surveillance 
strategy, which can augment traditional infection 
detection and prevention activities in vulnerable  
LTCF populations.
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Streptococcus dysgalactiae increasingly is recog-
nized as a pathogen of concern for human health. 
However, longitudinal surveillance data describ-
ing temporal trends of S. dysgalactiae are scarce. 
In this large epidemiologic study of invasive  
S. dysgalactiae bloodstream infections in western 
Norway, researchers found that S. dysgalactiae is 
rapidly emerging as a potent pathogen and cur-
rently is the fifth most common cause of blood-
stream infections in the Bergen health region.

In this EID podcast, Dr. Oddvar Oppegaard, 
an infectious disease specialist at Haukeland  
University Hospital and an associate professor at 
the University of Bergen discusses Streptococcus 
dysgalactiae bloodstream infections in Norway.


