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ABSTRACT
BACKGROUND

Wastewater-based epidemiology (WBE) 
surveillance testing presents a cost-effective 
and unbiased strategy for measuring population 
disease prevalence as it hits target communi-
ties. It further serves as an “early warning 
system”1 for communities and municipalities to 
act proactively to enforce the appropriate 
intervention measures to contain the spread of 
the disease. 

While programs like the National Wastewater 
Surveillance System (NWSS) provide essential 
data at an aggregate level, upstream systems are 
critical for reducing the time to detect pathogens 
and outbreaks for local departments of health 
and school systems, reducing the time to respond 
with targeted public health interventions. 

METHOD

We used the quantitative reverse transcription 
polymerase chain reaction (RT-qPCR) and 
digital PCR platforms (in collaboration with the 
University of Illinois, Chicago) to screen for 
SARS-CoV-2, Influenza and respiratory syncy-
tial virus (RSV) in wastewater in a pilot study 
done in collaboration with Revere Department 
of Public Health (DPH) and Revere Public 
Schools (Suffolk County, MA). 

Shield T3 and CIC Health, two private health 
companies, set up 11 distinct wastewater 
collection points between April 2022 and 
November 2022 in both schools and city 
manholes. Composite samples were taken using 
autosamplers, passive sampling, and in the 
instance of a passive sample failure, grab 
samples were taken. 

DISCUSSION

The findings from the pilot study demonstrated that school and municipal 
settings can provide sufficient wastewater data to serve as an effective 
surveillance program for local communities. The municipal pilot in Revere 
showed consistent data trends across each of the five municipal sites and 
identified an early spike in SARS-CoV-2 infections in Revere before a 
statewide wastewater data spike was seen based on the aggregate 
wastewater data in Massachusetts. 

In addition to SARS-COV-2, we were able to screen for additional 
pathogens, such as Influenza and RSV, identifying early signals and 
developing outreach strategies to educate and reduce spread. Our data 
demonstrated that localized WBE surveillance, particularly within 
vulnerable populations, is critical to identify and track pathogens before 
they present a widespread risk. Further, our studies show that sustainable 
wastewater surveillance requires coordination between health and safety 
officials, utilities, labs and researchers. Adapting sampling frequency, 
type, risk tolerance, site location and biomarker properties, in addition to 
other program pieces, can increase the practical value of the data. 
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INTRODUCTION
WBE surveillance testing offers several unique strengths, 
including:

• Building- or community-level surveillance to provide 
early warning systems at an organizational level and 
within municipalities, particularly in areas that demon-
strate heightened vulnerabilities

• Broad population coverage

• Detection of infections among asymptomatic carriers 
who shed virus in their stools

• A lead time of 1–2 weeks for changes in community-level 
infections compared with individual case data

OBJECTIVES
The COVID-19 pandemic has been complicated by an 
inability to track infections in a timely and comprehensive 
manner. Traditional clinical testing has been proven insuffi-
cient to monitor disease transmission because of lack of 
symptoms in 20-40% of infected people depending on 
demographic group2 in addition to lack of supplies and test 
kits during the early part of the pandemic. 

Given limitations on public testing and limited data from 
at-home testing, wastewater sampling can provide essential 
public health data to supplement and inform decision-making 
at a community level. 

In collaboration with Revere DPH and Revere public schools, 
CIC Health and Shield T3 set up 11 distinct wastewater 
collection points between April and November in both 
schools and city manholes. Revere, a minority-majority 
community, contains multiple census tracts that present a 
high social vulnerability index, as defined by the CDC.3 

K-12 sites were selected to include a mix of schools 
(elementary, middle and high school) in addition to 
geographic coverage. Municipal sites were selected to target 
the most vulnerable communities, in addition to ensuring 
appropriate citywide coverage. 

School data from the pilot clearly shows that school settings 
can provide enough wastewater data to serve as an effective 
surveillance program, though a shortened pilot window 
didn’t allow enough time to establish clear data trends. The 
municipal pilot in Revere, however, showed consistent trends 
across each of the five municipal sites and identified an early 
spike in SARS-CoV-2 infections in Revere before a similar 
spike was seen in aggregate wastewater data in Massachu-
setts (Deer Island).

PILOT STRUCTURE
The pilot was developed in two phases. Both phases 
included collections and processing in addition to weekly 
reviews with Revere DPH. All data from the pilot was sent as 
a weekly raw file in addition to a data platform that mapped 
the collection locations, highlighted current levels and 
displayed trend data. 

Phase one’s focus was on seamless end-to-end logistics for 
six school sites, from collections to processing. Automatic 
wastewater samplers or autosamplers were installed at all 
sites, in school lift stations or in onsite manholes. Portable 
autosamplers are battery-powered, electromechanical 
devices with a programmable pump and a large container 
that collect samples at a specific time interval into one 
container and collect a composite sample. One hundred and 
five composite samples were collected, with an average of 

2 doi.org/10.3138/jammi-2020-0030 
3 atsdr.cdc.gov/placeandhealth/svi/interactive_map.html 

Phase One: Autosamplers like the one above were installed 
at all sites, in school lift stations or in onsite manholes. 

21 per week. Grab samples (a single sample taken at an 
exact moment of time) were taken when autosamplers were 
unable to collect due to clogging or low flow conditions. This 
program ran from April to June and ended as schools closed 
for the summer.

Phase two of the pilot began in June and included the 
installation, sample collection and sample processing of 
samples from five distinct micro-sewer sheds and expanding 
the testing scope to include upper respiratory diseases. CIC 
Health and Shield T3, in collaboration with Revere DPH and 
the Department of Public Works, established five collection 
points throughout the city of Revere. These sites captured 
approximately one-third of Revere’s population, with a focus 
on the most socio-economically vulnerable neighborhoods. 

All five of the selected collection sites were manhole 
locations and collections occurred twice per week at each 
site. Autosamplers were installed either within or next to the 
manhole, and in the instance of an autosampler failure, grab 
samples were taken.

In addition, as part of this pilot, passive sampling devices 
were implemented at four locations for the purpose of 
understanding the performance and applicability in a 
municipal sewer system. Passive sampling is an alternative 
sampling method that has promising applicability for WBE. It 

has been used for environmental sampling for many decades, 
and it is a technique that requires a collection medium, such 
as cotton swabs left in a stream. We were able to collect 
valuable data from these devices and our conclusion is that 
drawing a direct comparison of autosamplers is not recom-
mended. Its applicability depends on hydraulic conditions and 
well-defined objectives for surveillance — for example, at a 
school building and when the data will be used to signal a 
change in viral concentration. 

A total of 252 composite and passive samples were collected 
twice a week from mid-June to mid-November 2022. After 
we replaced an autosampler due to a manufacturing 
problem, our sampling success rate was 99.7%. 

SAMPLE PROCESSING

Shield T3 owns and operates a nationwide network of 
laboratories that provide viral extraction and amplification 
analysis. During this pilot, sampling collection crews collected 
composite samples and couriered the samples using 
next-day-priority services to a central lab in Chicago, IL. 
State-of-the-art protocols and quality control processes 
are used at the laboratories that can detect SARS-CoV-2 
RNA concentrations in agreement with CDC wastewater 
testing guidelines. 

Internal and external controls such as Bovine CoV (BcoV) 
were used to demonstrate test recovery and impact from 
inhibitors. In addition, Shield T3 provided analysis for the 
detection and quantification of Influenza and RSV.

COMMUNICATIONS AND REPORTING

All SARS-CoV-2 RNA results were posted automatically to a 
secure dashboard for review, while results from Influenza and 
RSV were delivered directly to public health officials using 
secured email messages. Weekly review sessions were held 
between CIC Health and Shield T3 to ensure data was 
inputted accurately and interpreted correctly, allowing for 
clear and concise data visualization. 

This cadence provided Revere DPH with clear and actionable 
reports twice each week with complete custom, digital 
dashboard access. Finally, CIC Health and Shield T3 commu-
nications included the use of a web application to facilitate 
data collection in the field and communicate critical information 
about site conditions and sample conditions.

Wastewater Testing

PHASE 1 LEARNINGS FROM K-12
The initial phase of the pilot in Revere schools highlighted 
three critical findings:

Students use school bathrooms – All six sites within the 
program showed SARS-CoV-2 present in wastewater. 
Evidence of clear signals across all sample points indicates 
that wastewater testing at a school level can detect the virus. 
Trends differ from school to school, and technical concerns 
with some sampling sites (closeness to the kitchen, limited 
wastewater flow, etc.) warrant further investigation through 
additional programs. 

Schools presented unique trends – Data across all six sites 
were differentiated, and while some data points would peak 
at similar intervals, most collections showed unique trends 
across all schools. This was most apparent in a comparative 
data review between Revere High School and James Hill 
Elementary School. 

As seen on the graph below (Fig. 1), James Hill showed 
consistently low levels of SARS-CoV-2 across the entirety of 
the pilot. Revere High School, on the other hand, showed a 
steep rise in levels starting on May 19 and eventually peaking 
on May 26.

These schools are only 0.4 miles apart and yet based on the 
data, would require different interventions based on risk 
within the school population. 

Revere High School wastewater viral load was associated 
with increased absenteeism – During rising COVID levels 
from May 19 to 26, we saw a correlation between higher 
levels of COVID and lower attendance. Further statistical 
analysis is required to determine and validate this trend. 

PHASE 2 LEARNINGS FROM 
MUNICIPAL
As the school year ended towards mid-June, the program 
transitioned from school sites to select municipal sites. Data from 
the municipal pilot was consistent, with clear trends emerging 
and limited spikes. In addition to SARS-CoV-2, the program 
began testing for RSV and Influenza A/B in early October. 

Revere is a majority-minority community with unique risks 
and vulnerabilities. With continued wastewater surveillance, 
data and warnings will help prevent larger outbreaks and 
empower the city DPH and local community to leverage 
resources and communication to limit spread.

Revere showed increasing COVID 
levels 10 days before statewide 

wastewater data.

In late August, all sites showed rising levels of SARS-CoV-2 
within the wastewater, two of the five sites indicated elevated 
levels (>1 million genomic units per liter). In mid-September, 
four of the five sites peaked with elevated SARS-CoV-2 levels 
above 1 million GU/L, (genomic units per liter), with some 
sites above 2 million GU/L. These values then gradually 
decreased for the rest of the month. 

Public health officials were noticing increased teacher 
absences at school, with one school reporting numerous (15+) 
teachers out with COVID-19, in addition to hearing from the 
community about higher-than-normal infections around this 
time. While there was confidence in the wastewater data and 
what officials were feeling on the ground, case rate data from 
the city was limited. The majority of COVID testing was likely 
through at-home antigen tests that go unreported. 

Statewide COVID rates in Massachusetts increased approximately 
two weeks later, indicated by regional wastewater data through 
Massachusetts Water and Resources Authority (MWRA). 

This graph (Fig. 2) shows that viral load in Revere wastewater spiked 
before a similar increase was seen in MWRA North levels. This 
increase in the city of Revere was not represented in aggregate 
wastewater levels at MWRA, and by the time those MWRA 
levels were rising, Revere was past its peak values.

By having a localized wastewater surveillance program, 
Revere DPH identified risk levels that were unique to Revere. 
Once regional data indicated a spread, Revere was already 
past the peak of their community’s infection. 

Localized surveillance, particularly within vulnerable popula-
tions, is critical. These communities display risk levels that 
are unique and magnified, acting as sentinel populations. 
Blending this into larger aggregate data poorly reflects on 
actual risk and will often be too late to react appropriately.

Established wastewater sampling 
infrastructure enables RSV 

intervention.

The program began testing for RSV and Influenza in early 
October. On October 17, RSV was identified in three of the 
five sites. In the following three corresponding collections 
across two weeks, RSV positives continued to be present, 
showing a consistent presence. 

RSV data is not available to Revere DPH through city reporting 
mechanisms, and it has no clear way of recognizing in-city or 
even regional RSV trends. State data for RSV is available 
based on total RSV PCR tests, but few people actively test for 
the virus, and this data is only presented in aggregate. 

The program worked with the Revere DPH to develop an 
outreach plan for at-risk populations, namely daycares. 

Revere DPH made 64 calls to daycares throughout Revere, 
informing them of the presence of RSV within the community, 
in addition to some preventative measures to stop the disease. 
Of the daycares that responded, 28% of providers weren’t 
aware of RSV, 23% asked for assistance with personal 
protective equipment (PPE) or cleaning supplies (which the 
Revere DPH provides), and 62% were eager for more 
information to share with parents.4 In addition to these calls, 
an RSV flier was created (see right) for daycares and parents. 
Fliers were provided in English, Spanish and Arabic. 

Based on early feedback from interviews with daycare 
providers, providers and parents were appreciative of the 

information. Out of five interviews conducted so far, providers 
indicated parents were not aware of RSV and that the fliers 
helped them to increase or maintain current cleaning practices 
and/or masking. Parents appreciated the information coming 
from daycare providers, citing that it helped them further 
understand risks to their children, and to advocate for testing 
if symptoms emerged. 

As stated by Lauren Buck, Revere DPH: “Local wastewater 
data really became actionable for our public health depart-
ment when we were able to utilize it as a data point when 
reaching out to our home daycare communities. Regarding 
the alarming spike in RSV cases that fall, having a super-local 
data point allowed us to bring our home daycare providers 
relevant information and assistance in a timely fashion.”

Influenza signals are increasing.
In addition to RSV, Influenza had been detected weekly from 
October 17 through November 17 initially at one to two sites, 
and spiking the week of November 7 with detection at four of 
the five sites. More work is currently being done to under-
stand different interventions related to Influenza rates — 
namely, how to increase vaccination rates in Revere using 
public clinics and pharmacies. 

In wastewater sampling, each 
population coverage level is 

uniquely valuable.

The pilot utilized two different wastewater population 
coverage levels, city manholes and school collection points, 
which highlighted the difference in the value of each. 

As population coverage increases to a town/city level or even 
regional level data set, the wastewater data represents 
temporal averages that are helpful to identify trends. As 

population coverage decreases to a smaller catchment area, 
wastewater data will become more prone to spikes with high 
and low reported values. This variability is important because 
it represents the different stages of viral shedding from 
infected individuals, and due to variability when bathrooms 
are used and who uses these bathrooms.

This does not mean that the signal is irrelevant, as our pilot 
still showed trendlines emerge at school sites and because 
schools are a sentinel population representative of the 
community they reside in, even the ability to identify 
SARS-CoV-2 presence has a distinct value. (Schools can 
employ additional testing, for example.) 

Organizational-level data, particularly within vulnerable 
populations, provides an early warning system, and while 
that data may present more distinct highs and lows, it will 
also ultimately establish trendlines and warning signals, as 
indicated by Revere High School (presence of an outbreak) 
and James Hill Elementary (limited to no COVID spread 
within the population). 

The below chart (Fig. 3) shows population differences as you 
move up sampling locations. 

CONCLUSION
Micro-targeting and focusing on small catchment 
wastewater testing are critical to both react to 
current risk levels and mitigate impacts from 
future pandemics. 

Large-scale wastewater testing at treatment 
facilities provide important trends and variant 
tracking, but it does not always have the 
specificity to capture city- and town-level risk, 
particularly for vulnerable populations. Cities 
and towns are unique with respect to vaccination 
rates, health literacy and response to public 
health interventions. Utilizing localized waste-
water data reduces the time to detect and 
respond to outbreaks and the needs of a specific 
community, increasing efficacy through a more 
targeted, cost-effective approach. The pilot 
program in Revere, MA, a vulnerable community, 
has demonstrated informative localized trends at 
both an organizational and municipal level.

As funding for SARS-CoV-2 testing becomes 
more limited, datasets will largely exist from 
hospitals and clinics. Surveillance data will be 
limited, but the importance of early warning 
systems, particularly for vulnerable populations, 
is as important. 

Wastewater testing is an effective mechanism to 
provide all-encompassing public health trends, 
allowing for departments of health to provide 
targeted interventions, such as the RSV outreach 
or targeted clinics, that are efficient, effective, 
and cost-saving. 

Finally, wastewater surveillance offers the 
opportunity to survey population health of a 
community. This becomes even more valuable in 
communities with scarce healthcare resource or 
access to it. This technology allows affordable 
and non-invasive monitoring for worrying trends 
and the ability to focus resources in areas where 
a concerning trend is identified.

Dr. Lemelle, Chief Medical Officer for Shield T3, stated, "When over 10% 
of the U.S. population is uninsured5, we should embrace a technology that 
enables viewing vulnerable populations and directing scarce resources.” 

Once a sampling plan is established, inclusive of installation, collection 
and lab processing, that site can be used in a myriad of ways. This 
program demonstrated multiple pathogen detection and acted as an early 
signal for RSV and Influenza spread in Revere. 

As future concerns emerge, whether they are seasonal or new pathogens, 
wastewater testing can be a proactive method for targeting new threats 
with minimal effort as collection procedures or sample sites will not likely 
change. In a school setting, for example, pairing SARS-COV-2 with 
Influenza would provide a deeper lens to understand population risk. At a 
municipal level, future uses could even include behavioral health indicators 
or pharmaceuticals like opioid detection and risk mitigation (for example, 
how could a city better allocate Narcan distribution to first responders). 

Increasing the scope of typical wastewater testing to include small 
catchment collections and incorporating end-to-end solutions to limit the 
work of local authorities will help identify and track pathogens before 
they present a widespread risk. 

REFERENCE SECTION
Wastewater sampling from K-12 facilities has been used as an 
effective tool in wastewater testing. For example, the San Diego 
Unified School District and Houston, TX, Independent School 
District, in collaboration with higher-education institutions and 
Departments of Health, have implemented highly effective 
wastewater monitoring programs within their communities. 

Houston Health Department (HHD) - Houston Independent 
School District – Houston Public Works 

• Currently monitoring approximately 55 K-12 schools and 
35 sewer sheds in the Houston area 

• Program is managed by the HHD Environmental Health

• Strong collaboration between Houston Public Works and HHD 

• Program has been in operation since Q3 of 2020 

• Long-standing relationship between HHD and HISD from 
the traditional immunizations program 

• HHD developed communications plan for school nurses 

• HISD school nurses delivered messaging to school staff 
and parents 

• Demonstrated ability to translate surveillance into local action 

• Dashboard: covidwwtp.spatialstudieslab.org 

UC San Diego and San Diego Unified School District 

• Currently monitoring 63 K-12 school in the San Diego area 

• Program is managed by UC, San Diego and custodial staff 
collects samples for each school 

• K-12 program has been in operation since Q1 of 2021 

• UC San Diego worked very close with each school principal 
on a communication plan at each school 

• Custodial staff training to collect samples took over three 
months to mature 

• Demonstrated ability to translate surveillance into local action 
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INTRODUCTION
WBE surveillance testing offers several unique strengths, 
including:

• Building- or community-level surveillance to provide 
early warning systems at an organizational level and 
within municipalities, particularly in areas that demon-
strate heightened vulnerabilities

• Broad population coverage

• Detection of infections among asymptomatic carriers 
who shed virus in their stools

• A lead time of 1–2 weeks for changes in community-level 
infections compared with individual case data

OBJECTIVES
The COVID-19 pandemic has been complicated by an 
inability to track infections in a timely and comprehensive 
manner. Traditional clinical testing has been proven insuffi-
cient to monitor disease transmission because of lack of 
symptoms in 20-40% of infected people depending on 
demographic group2 in addition to lack of supplies and test 
kits during the early part of the pandemic. 

Given limitations on public testing and limited data from 
at-home testing, wastewater sampling can provide essential 
public health data to supplement and inform decision-making 
at a community level. 

In collaboration with Revere DPH and Revere public schools, 
CIC Health and Shield T3 set up 11 distinct wastewater 
collection points between April and November in both 
schools and city manholes. Revere, a minority-majority 
community, contains multiple census tracts that present a 
high social vulnerability index, as defined by the CDC.3 

K-12 sites were selected to include a mix of schools 
(elementary, middle and high school) in addition to 
geographic coverage. Municipal sites were selected to target 
the most vulnerable communities, in addition to ensuring 
appropriate citywide coverage. 

School data from the pilot clearly shows that school settings 
can provide enough wastewater data to serve as an effective 
surveillance program, though a shortened pilot window 
didn’t allow enough time to establish clear data trends. The 
municipal pilot in Revere, however, showed consistent trends 
across each of the five municipal sites and identified an early 
spike in SARS-CoV-2 infections in Revere before a similar 
spike was seen in aggregate wastewater data in Massachu-
setts (Deer Island).

PILOT STRUCTURE
The pilot was developed in two phases. Both phases 
included collections and processing in addition to weekly 
reviews with Revere DPH. All data from the pilot was sent as 
a weekly raw file in addition to a data platform that mapped 
the collection locations, highlighted current levels and 
displayed trend data. 

Phase one’s focus was on seamless end-to-end logistics for 
six school sites, from collections to processing. Automatic 
wastewater samplers or autosamplers were installed at all 
sites, in school lift stations or in onsite manholes. Portable 
autosamplers are battery-powered, electromechanical 
devices with a programmable pump and a large container 
that collect samples at a specific time interval into one 
container and collect a composite sample. One hundred and 
five composite samples were collected, with an average of 

21 per week. Grab samples (a single sample taken at an 
exact moment of time) were taken when autosamplers were 
unable to collect due to clogging or low flow conditions. This 
program ran from April to June and ended as schools closed 
for the summer.

Phase two of the pilot began in June and included the 
installation, sample collection and sample processing of 
samples from five distinct micro-sewer sheds and expanding 
the testing scope to include upper respiratory diseases. CIC 
Health and Shield T3, in collaboration with Revere DPH and 
the Department of Public Works, established five collection 
points throughout the city of Revere. These sites captured 
approximately one-third of Revere’s population, with a focus 
on the most socio-economically vulnerable neighborhoods. 

All five of the selected collection sites were manhole 
locations and collections occurred twice per week at each 
site. Autosamplers were installed either within or next to the 
manhole, and in the instance of an autosampler failure, grab 
samples were taken.

In addition, as part of this pilot, passive sampling devices 
were implemented at four locations for the purpose of 
understanding the performance and applicability in a 
municipal sewer system. Passive sampling is an alternative 
sampling method that has promising applicability for WBE. It 

Passive sampling devices were implemented at four 
locations for the purpose of understanding the performance 
and applicability in a municipal sewer system.

has been used for environmental sampling for many decades, 
and it is a technique that requires a collection medium, such 
as cotton swabs left in a stream. We were able to collect 
valuable data from these devices and our conclusion is that 
drawing a direct comparison of autosamplers is not recom-
mended. Its applicability depends on hydraulic conditions and 
well-defined objectives for surveillance — for example, at a 
school building and when the data will be used to signal a 
change in viral concentration. 

A total of 252 composite and passive samples were collected 
twice a week from mid-June to mid-November 2022. After 
we replaced an autosampler due to a manufacturing 
problem, our sampling success rate was 99.7%. 

SAMPLE PROCESSING

Shield T3 owns and operates a nationwide network of 
laboratories that provide viral extraction and amplification 
analysis. During this pilot, sampling collection crews collected 
composite samples and couriered the samples using 
next-day-priority services to a central lab in Chicago, IL. 
State-of-the-art protocols and quality control processes 
are used at the laboratories that can detect SARS-CoV-2 
RNA concentrations in agreement with CDC wastewater 
testing guidelines. 

Internal and external controls such as Bovine CoV (BcoV) 
were used to demonstrate test recovery and impact from 
inhibitors. In addition, Shield T3 provided analysis for the 
detection and quantification of Influenza and RSV.

COMMUNICATIONS AND REPORTING

All SARS-CoV-2 RNA results were posted automatically to a 
secure dashboard for review, while results from Influenza and 
RSV were delivered directly to public health officials using 
secured email messages. Weekly review sessions were held 
between CIC Health and Shield T3 to ensure data was 
inputted accurately and interpreted correctly, allowing for 
clear and concise data visualization. 

This cadence provided Revere DPH with clear and actionable 
reports twice each week with complete custom, digital 
dashboard access. Finally, CIC Health and Shield T3 commu-
nications included the use of a web application to facilitate 
data collection in the field and communicate critical information 
about site conditions and sample conditions.

PHASE 1 LEARNINGS FROM K-12
The initial phase of the pilot in Revere schools highlighted 
three critical findings:

Students use school bathrooms – All six sites within the 
program showed SARS-CoV-2 present in wastewater. 
Evidence of clear signals across all sample points indicates 
that wastewater testing at a school level can detect the virus. 
Trends differ from school to school, and technical concerns 
with some sampling sites (closeness to the kitchen, limited 
wastewater flow, etc.) warrant further investigation through 
additional programs. 

Schools presented unique trends – Data across all six sites 
were differentiated, and while some data points would peak 
at similar intervals, most collections showed unique trends 
across all schools. This was most apparent in a comparative 
data review between Revere High School and James Hill 
Elementary School. 

As seen on the graph below (Fig. 1), James Hill showed 
consistently low levels of SARS-CoV-2 across the entirety of 
the pilot. Revere High School, on the other hand, showed a 
steep rise in levels starting on May 19 and eventually peaking 
on May 26.

These schools are only 0.4 miles apart and yet based on the 
data, would require different interventions based on risk 
within the school population. 

Revere High School wastewater viral load was associated 
with increased absenteeism – During rising COVID levels 
from May 19 to 26, we saw a correlation between higher 
levels of COVID and lower attendance. Further statistical 
analysis is required to determine and validate this trend. 

Wastewater Testing

PHASE 2 LEARNINGS FROM 
MUNICIPAL
As the school year ended towards mid-June, the program 
transitioned from school sites to select municipal sites. Data from 
the municipal pilot was consistent, with clear trends emerging 
and limited spikes. In addition to SARS-CoV-2, the program 
began testing for RSV and Influenza A/B in early October. 

Revere is a majority-minority community with unique risks 
and vulnerabilities. With continued wastewater surveillance, 
data and warnings will help prevent larger outbreaks and 
empower the city DPH and local community to leverage 
resources and communication to limit spread.

Revere showed increasing COVID 
levels 10 days before statewide 

wastewater data.

In late August, all sites showed rising levels of SARS-CoV-2 
within the wastewater, two of the five sites indicated elevated 
levels (>1 million genomic units per liter). In mid-September, 
four of the five sites peaked with elevated SARS-CoV-2 levels 
above 1 million GU/L, (genomic units per liter), with some 
sites above 2 million GU/L. These values then gradually 
decreased for the rest of the month. 

Public health officials were noticing increased teacher 
absences at school, with one school reporting numerous (15+) 
teachers out with COVID-19, in addition to hearing from the 
community about higher-than-normal infections around this 
time. While there was confidence in the wastewater data and 
what officials were feeling on the ground, case rate data from 
the city was limited. The majority of COVID testing was likely 
through at-home antigen tests that go unreported. 

Statewide COVID rates in Massachusetts increased approximately 
two weeks later, indicated by regional wastewater data through 
Massachusetts Water and Resources Authority (MWRA). 

This graph (Fig. 2) shows that viral load in Revere wastewater spiked 
before a similar increase was seen in MWRA North levels. This 
increase in the city of Revere was not represented in aggregate 
wastewater levels at MWRA, and by the time those MWRA 
levels were rising, Revere was past its peak values.

By having a localized wastewater surveillance program, 
Revere DPH identified risk levels that were unique to Revere. 
Once regional data indicated a spread, Revere was already 
past the peak of their community’s infection. 

Localized surveillance, particularly within vulnerable popula-
tions, is critical. These communities display risk levels that 
are unique and magnified, acting as sentinel populations. 
Blending this into larger aggregate data poorly reflects on 
actual risk and will often be too late to react appropriately.

Established wastewater sampling 
infrastructure enables RSV 

intervention.

The program began testing for RSV and Influenza in early 
October. On October 17, RSV was identified in three of the 
five sites. In the following three corresponding collections 
across two weeks, RSV positives continued to be present, 
showing a consistent presence. 

RSV data is not available to Revere DPH through city reporting 
mechanisms, and it has no clear way of recognizing in-city or 
even regional RSV trends. State data for RSV is available 
based on total RSV PCR tests, but few people actively test for 
the virus, and this data is only presented in aggregate. 

The program worked with the Revere DPH to develop an 
outreach plan for at-risk populations, namely daycares. 

Revere DPH made 64 calls to daycares throughout Revere, 
informing them of the presence of RSV within the community, 
in addition to some preventative measures to stop the disease. 
Of the daycares that responded, 28% of providers weren’t 
aware of RSV, 23% asked for assistance with personal 
protective equipment (PPE) or cleaning supplies (which the 
Revere DPH provides), and 62% were eager for more 
information to share with parents.4 In addition to these calls, 
an RSV flier was created (see right) for daycares and parents. 
Fliers were provided in English, Spanish and Arabic. 

Based on early feedback from interviews with daycare 
providers, providers and parents were appreciative of the 

information. Out of five interviews conducted so far, providers 
indicated parents were not aware of RSV and that the fliers 
helped them to increase or maintain current cleaning practices 
and/or masking. Parents appreciated the information coming 
from daycare providers, citing that it helped them further 
understand risks to their children, and to advocate for testing 
if symptoms emerged. 

As stated by Lauren Buck, Revere DPH: “Local wastewater 
data really became actionable for our public health depart-
ment when we were able to utilize it as a data point when 
reaching out to our home daycare communities. Regarding 
the alarming spike in RSV cases that fall, having a super-local 
data point allowed us to bring our home daycare providers 
relevant information and assistance in a timely fashion.”

Influenza signals are increasing.
In addition to RSV, Influenza had been detected weekly from 
October 17 through November 17 initially at one to two sites, 
and spiking the week of November 7 with detection at four of 
the five sites. More work is currently being done to under-
stand different interventions related to Influenza rates — 
namely, how to increase vaccination rates in Revere using 
public clinics and pharmacies. 

In wastewater sampling, each 
population coverage level is 

uniquely valuable.

The pilot utilized two different wastewater population 
coverage levels, city manholes and school collection points, 
which highlighted the difference in the value of each. 

As population coverage increases to a town/city level or even 
regional level data set, the wastewater data represents 
temporal averages that are helpful to identify trends. As 

population coverage decreases to a smaller catchment area, 
wastewater data will become more prone to spikes with high 
and low reported values. This variability is important because 
it represents the different stages of viral shedding from 
infected individuals, and due to variability when bathrooms 
are used and who uses these bathrooms.

This does not mean that the signal is irrelevant, as our pilot 
still showed trendlines emerge at school sites and because 
schools are a sentinel population representative of the 
community they reside in, even the ability to identify 
SARS-CoV-2 presence has a distinct value. (Schools can 
employ additional testing, for example.) 

Organizational-level data, particularly within vulnerable 
populations, provides an early warning system, and while 
that data may present more distinct highs and lows, it will 
also ultimately establish trendlines and warning signals, as 
indicated by Revere High School (presence of an outbreak) 
and James Hill Elementary (limited to no COVID spread 
within the population). 

The below chart (Fig. 3) shows population differences as you 
move up sampling locations. 

CONCLUSION
Micro-targeting and focusing on small catchment 
wastewater testing are critical to both react to 
current risk levels and mitigate impacts from 
future pandemics. 

Large-scale wastewater testing at treatment 
facilities provide important trends and variant 
tracking, but it does not always have the 
specificity to capture city- and town-level risk, 
particularly for vulnerable populations. Cities 
and towns are unique with respect to vaccination 
rates, health literacy and response to public 
health interventions. Utilizing localized waste-
water data reduces the time to detect and 
respond to outbreaks and the needs of a specific 
community, increasing efficacy through a more 
targeted, cost-effective approach. The pilot 
program in Revere, MA, a vulnerable community, 
has demonstrated informative localized trends at 
both an organizational and municipal level.

As funding for SARS-CoV-2 testing becomes 
more limited, datasets will largely exist from 
hospitals and clinics. Surveillance data will be 
limited, but the importance of early warning 
systems, particularly for vulnerable populations, 
is as important. 

Wastewater testing is an effective mechanism to 
provide all-encompassing public health trends, 
allowing for departments of health to provide 
targeted interventions, such as the RSV outreach 
or targeted clinics, that are efficient, effective, 
and cost-saving. 

Finally, wastewater surveillance offers the 
opportunity to survey population health of a 
community. This becomes even more valuable in 
communities with scarce healthcare resource or 
access to it. This technology allows affordable 
and non-invasive monitoring for worrying trends 
and the ability to focus resources in areas where 
a concerning trend is identified.

Dr. Lemelle, Chief Medical Officer for Shield T3, stated, "When over 10% 
of the U.S. population is uninsured5, we should embrace a technology that 
enables viewing vulnerable populations and directing scarce resources.” 

Once a sampling plan is established, inclusive of installation, collection 
and lab processing, that site can be used in a myriad of ways. This 
program demonstrated multiple pathogen detection and acted as an early 
signal for RSV and Influenza spread in Revere. 

As future concerns emerge, whether they are seasonal or new pathogens, 
wastewater testing can be a proactive method for targeting new threats 
with minimal effort as collection procedures or sample sites will not likely 
change. In a school setting, for example, pairing SARS-COV-2 with 
Influenza would provide a deeper lens to understand population risk. At a 
municipal level, future uses could even include behavioral health indicators 
or pharmaceuticals like opioid detection and risk mitigation (for example, 
how could a city better allocate Narcan distribution to first responders). 

Increasing the scope of typical wastewater testing to include small 
catchment collections and incorporating end-to-end solutions to limit the 
work of local authorities will help identify and track pathogens before 
they present a widespread risk. 

REFERENCE SECTION
Wastewater sampling from K-12 facilities has been used as an 
effective tool in wastewater testing. For example, the San Diego 
Unified School District and Houston, TX, Independent School 
District, in collaboration with higher-education institutions and 
Departments of Health, have implemented highly effective 
wastewater monitoring programs within their communities. 

Houston Health Department (HHD) - Houston Independent 
School District – Houston Public Works 

• Currently monitoring approximately 55 K-12 schools and 
35 sewer sheds in the Houston area 

• Program is managed by the HHD Environmental Health

• Strong collaboration between Houston Public Works and HHD 

• Program has been in operation since Q3 of 2020 

• Long-standing relationship between HHD and HISD from 
the traditional immunizations program 

• HHD developed communications plan for school nurses 

• HISD school nurses delivered messaging to school staff 
and parents 

• Demonstrated ability to translate surveillance into local action 

• Dashboard: covidwwtp.spatialstudieslab.org 

UC San Diego and San Diego Unified School District 

• Currently monitoring 63 K-12 school in the San Diego area 

• Program is managed by UC, San Diego and custodial staff 
collects samples for each school 

• K-12 program has been in operation since Q1 of 2021 

• UC San Diego worked very close with each school principal 
on a communication plan at each school 

• Custodial staff training to collect samples took over three 
months to mature 

• Demonstrated ability to translate surveillance into local action 
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INTRODUCTION
WBE surveillance testing offers several unique strengths, 
including:

• Building- or community-level surveillance to provide 
early warning systems at an organizational level and 
within municipalities, particularly in areas that demon-
strate heightened vulnerabilities

• Broad population coverage

• Detection of infections among asymptomatic carriers 
who shed virus in their stools

• A lead time of 1–2 weeks for changes in community-level 
infections compared with individual case data

OBJECTIVES
The COVID-19 pandemic has been complicated by an 
inability to track infections in a timely and comprehensive 
manner. Traditional clinical testing has been proven insuffi-
cient to monitor disease transmission because of lack of 
symptoms in 20-40% of infected people depending on 
demographic group2 in addition to lack of supplies and test 
kits during the early part of the pandemic. 

Given limitations on public testing and limited data from 
at-home testing, wastewater sampling can provide essential 
public health data to supplement and inform decision-making 
at a community level. 

In collaboration with Revere DPH and Revere public schools, 
CIC Health and Shield T3 set up 11 distinct wastewater 
collection points between April and November in both 
schools and city manholes. Revere, a minority-majority 
community, contains multiple census tracts that present a 
high social vulnerability index, as defined by the CDC.3 

K-12 sites were selected to include a mix of schools 
(elementary, middle and high school) in addition to 
geographic coverage. Municipal sites were selected to target 
the most vulnerable communities, in addition to ensuring 
appropriate citywide coverage. 

School data from the pilot clearly shows that school settings 
can provide enough wastewater data to serve as an effective 
surveillance program, though a shortened pilot window 
didn’t allow enough time to establish clear data trends. The 
municipal pilot in Revere, however, showed consistent trends 
across each of the five municipal sites and identified an early 
spike in SARS-CoV-2 infections in Revere before a similar 
spike was seen in aggregate wastewater data in Massachu-
setts (Deer Island).

PILOT STRUCTURE
The pilot was developed in two phases. Both phases 
included collections and processing in addition to weekly 
reviews with Revere DPH. All data from the pilot was sent as 
a weekly raw file in addition to a data platform that mapped 
the collection locations, highlighted current levels and 
displayed trend data. 

Phase one’s focus was on seamless end-to-end logistics for 
six school sites, from collections to processing. Automatic 
wastewater samplers or autosamplers were installed at all 
sites, in school lift stations or in onsite manholes. Portable 
autosamplers are battery-powered, electromechanical 
devices with a programmable pump and a large container 
that collect samples at a specific time interval into one 
container and collect a composite sample. One hundred and 
five composite samples were collected, with an average of 

21 per week. Grab samples (a single sample taken at an 
exact moment of time) were taken when autosamplers were 
unable to collect due to clogging or low flow conditions. This 
program ran from April to June and ended as schools closed 
for the summer.

Phase two of the pilot began in June and included the 
installation, sample collection and sample processing of 
samples from five distinct micro-sewer sheds and expanding 
the testing scope to include upper respiratory diseases. CIC 
Health and Shield T3, in collaboration with Revere DPH and 
the Department of Public Works, established five collection 
points throughout the city of Revere. These sites captured 
approximately one-third of Revere’s population, with a focus 
on the most socio-economically vulnerable neighborhoods. 

All five of the selected collection sites were manhole 
locations and collections occurred twice per week at each 
site. Autosamplers were installed either within or next to the 
manhole, and in the instance of an autosampler failure, grab 
samples were taken.

In addition, as part of this pilot, passive sampling devices 
were implemented at four locations for the purpose of 
understanding the performance and applicability in a 
municipal sewer system. Passive sampling is an alternative 
sampling method that has promising applicability for WBE. It 

has been used for environmental sampling for many decades, 
and it is a technique that requires a collection medium, such 
as cotton swabs left in a stream. We were able to collect 
valuable data from these devices and our conclusion is that 
drawing a direct comparison of autosamplers is not recom-
mended. Its applicability depends on hydraulic conditions and 
well-defined objectives for surveillance — for example, at a 
school building and when the data will be used to signal a 
change in viral concentration. 

A total of 252 composite and passive samples were collected 
twice a week from mid-June to mid-November 2022. After 
we replaced an autosampler due to a manufacturing 
problem, our sampling success rate was 99.7%. 

SAMPLE PROCESSING

Shield T3 owns and operates a nationwide network of 
laboratories that provide viral extraction and amplification 
analysis. During this pilot, sampling collection crews collected 
composite samples and couriered the samples using 
next-day-priority services to a central lab in Chicago, IL. 
State-of-the-art protocols and quality control processes 
are used at the laboratories that can detect SARS-CoV-2 
RNA concentrations in agreement with CDC wastewater 
testing guidelines. 

Internal and external controls such as Bovine CoV (BcoV) 
were used to demonstrate test recovery and impact from 
inhibitors. In addition, Shield T3 provided analysis for the 
detection and quantification of Influenza and RSV.

COMMUNICATIONS AND REPORTING

All SARS-CoV-2 RNA results were posted automatically to a 
secure dashboard for review, while results from Influenza and 
RSV were delivered directly to public health officials using 
secured email messages. Weekly review sessions were held 
between CIC Health and Shield T3 to ensure data was 
inputted accurately and interpreted correctly, allowing for 
clear and concise data visualization. 

This cadence provided Revere DPH with clear and actionable 
reports twice each week with complete custom, digital 
dashboard access. Finally, CIC Health and Shield T3 commu-
nications included the use of a web application to facilitate 
data collection in the field and communicate critical information 
about site conditions and sample conditions.

PHASE 1 LEARNINGS FROM K-12
The initial phase of the pilot in Revere schools highlighted 
three critical findings:

Students use school bathrooms – All six sites within the 
program showed SARS-CoV-2 present in wastewater. 
Evidence of clear signals across all sample points indicates 
that wastewater testing at a school level can detect the virus. 
Trends differ from school to school, and technical concerns 
with some sampling sites (closeness to the kitchen, limited 
wastewater flow, etc.) warrant further investigation through 
additional programs. 

Schools presented unique trends – Data across all six sites 
were differentiated, and while some data points would peak 
at similar intervals, most collections showed unique trends 
across all schools. This was most apparent in a comparative 
data review between Revere High School and James Hill 
Elementary School. 

As seen on the graph below (Fig. 1), James Hill showed 
consistently low levels of SARS-CoV-2 across the entirety of 
the pilot. Revere High School, on the other hand, showed a 
steep rise in levels starting on May 19 and eventually peaking 
on May 26.

REVERE HIGH SCHOOL AND STAFF SERGEANT JAMES J. HILL ELEMENTARY SCHOOL
Revere High School Staff Sergeant James J. Hill Elementary School
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These schools are only 0.4 miles apart and yet based on the 
data, would require different interventions based on risk 
within the school population. 

Revere High School wastewater viral load was associated 
with increased absenteeism – During rising COVID levels 
from May 19 to 26, we saw a correlation between higher 
levels of COVID and lower attendance. Further statistical 
analysis is required to determine and validate this trend. 

Figure 1: While these two schools are only 0.4 miles apart, James Hill shows low levels of SARS-CoV-2. Revere shows steep 
rise in levels starting May 19.
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PHASE 2 LEARNINGS FROM 
MUNICIPAL
As the school year ended towards mid-June, the program 
transitioned from school sites to select municipal sites. Data from 
the municipal pilot was consistent, with clear trends emerging 
and limited spikes. In addition to SARS-CoV-2, the program 
began testing for RSV and Influenza A/B in early October. 

Revere is a majority-minority community with unique risks 
and vulnerabilities. With continued wastewater surveillance, 
data and warnings will help prevent larger outbreaks and 
empower the city DPH and local community to leverage 
resources and communication to limit spread.

Revere showed increasing COVID 
levels 10 days before statewide 

wastewater data.

In late August, all sites showed rising levels of SARS-CoV-2 
within the wastewater, two of the five sites indicated elevated 
levels (>1 million genomic units per liter). In mid-September, 
four of the five sites peaked with elevated SARS-CoV-2 levels 
above 1 million GU/L, (genomic units per liter), with some 
sites above 2 million GU/L. These values then gradually 
decreased for the rest of the month. 

Public health officials were noticing increased teacher 
absences at school, with one school reporting numerous (15+) 
teachers out with COVID-19, in addition to hearing from the 
community about higher-than-normal infections around this 
time. While there was confidence in the wastewater data and 
what officials were feeling on the ground, case rate data from 
the city was limited. The majority of COVID testing was likely 
through at-home antigen tests that go unreported. 

Statewide COVID rates in Massachusetts increased approximately 
two weeks later, indicated by regional wastewater data through 
Massachusetts Water and Resources Authority (MWRA). 

This graph (Fig. 2) shows that viral load in Revere wastewater spiked 
before a similar increase was seen in MWRA North levels. This 
increase in the city of Revere was not represented in aggregate 
wastewater levels at MWRA, and by the time those MWRA 
levels were rising, Revere was past its peak values.

By having a localized wastewater surveillance program, 
Revere DPH identified risk levels that were unique to Revere. 
Once regional data indicated a spread, Revere was already 
past the peak of their community’s infection. 

Localized surveillance, particularly within vulnerable popula-
tions, is critical. These communities display risk levels that 
are unique and magnified, acting as sentinel populations. 
Blending this into larger aggregate data poorly reflects on 
actual risk and will often be too late to react appropriately.

Established wastewater sampling 
infrastructure enables RSV 

intervention.

The program began testing for RSV and Influenza in early 
October. On October 17, RSV was identified in three of the 
five sites. In the following three corresponding collections 
across two weeks, RSV positives continued to be present, 
showing a consistent presence. 

RSV data is not available to Revere DPH through city reporting 
mechanisms, and it has no clear way of recognizing in-city or 
even regional RSV trends. State data for RSV is available 
based on total RSV PCR tests, but few people actively test for 
the virus, and this data is only presented in aggregate. 

The program worked with the Revere DPH to develop an 
outreach plan for at-risk populations, namely daycares. 

Revere DPH made 64 calls to daycares throughout Revere, 
informing them of the presence of RSV within the community, 
in addition to some preventative measures to stop the disease. 
Of the daycares that responded, 28% of providers weren’t 
aware of RSV, 23% asked for assistance with personal 
protective equipment (PPE) or cleaning supplies (which the 
Revere DPH provides), and 62% were eager for more 
information to share with parents.4 In addition to these calls, 
an RSV flier was created (see right) for daycares and parents. 
Fliers were provided in English, Spanish and Arabic. 

Based on early feedback from interviews with daycare 
providers, providers and parents were appreciative of the 

information. Out of five interviews conducted so far, providers 
indicated parents were not aware of RSV and that the fliers 
helped them to increase or maintain current cleaning practices 
and/or masking. Parents appreciated the information coming 
from daycare providers, citing that it helped them further 
understand risks to their children, and to advocate for testing 
if symptoms emerged. 

As stated by Lauren Buck, Revere DPH: “Local wastewater 
data really became actionable for our public health depart-
ment when we were able to utilize it as a data point when 
reaching out to our home daycare communities. Regarding 
the alarming spike in RSV cases that fall, having a super-local 
data point allowed us to bring our home daycare providers 
relevant information and assistance in a timely fashion.”

Influenza signals are increasing.
In addition to RSV, Influenza had been detected weekly from 
October 17 through November 17 initially at one to two sites, 
and spiking the week of November 7 with detection at four of 
the five sites. More work is currently being done to under-
stand different interventions related to Influenza rates — 
namely, how to increase vaccination rates in Revere using 
public clinics and pharmacies. 

In wastewater sampling, each 
population coverage level is 

uniquely valuable.

The pilot utilized two different wastewater population 
coverage levels, city manholes and school collection points, 
which highlighted the difference in the value of each. 

As population coverage increases to a town/city level or even 
regional level data set, the wastewater data represents 
temporal averages that are helpful to identify trends. As 

population coverage decreases to a smaller catchment area, 
wastewater data will become more prone to spikes with high 
and low reported values. This variability is important because 
it represents the different stages of viral shedding from 
infected individuals, and due to variability when bathrooms 
are used and who uses these bathrooms.

This does not mean that the signal is irrelevant, as our pilot 
still showed trendlines emerge at school sites and because 
schools are a sentinel population representative of the 
community they reside in, even the ability to identify 
SARS-CoV-2 presence has a distinct value. (Schools can 
employ additional testing, for example.) 

Organizational-level data, particularly within vulnerable 
populations, provides an early warning system, and while 
that data may present more distinct highs and lows, it will 
also ultimately establish trendlines and warning signals, as 
indicated by Revere High School (presence of an outbreak) 
and James Hill Elementary (limited to no COVID spread 
within the population). 

The below chart (Fig. 3) shows population differences as you 
move up sampling locations. 

CONCLUSION
Micro-targeting and focusing on small catchment 
wastewater testing are critical to both react to 
current risk levels and mitigate impacts from 
future pandemics. 

Large-scale wastewater testing at treatment 
facilities provide important trends and variant 
tracking, but it does not always have the 
specificity to capture city- and town-level risk, 
particularly for vulnerable populations. Cities 
and towns are unique with respect to vaccination 
rates, health literacy and response to public 
health interventions. Utilizing localized waste-
water data reduces the time to detect and 
respond to outbreaks and the needs of a specific 
community, increasing efficacy through a more 
targeted, cost-effective approach. The pilot 
program in Revere, MA, a vulnerable community, 
has demonstrated informative localized trends at 
both an organizational and municipal level.

As funding for SARS-CoV-2 testing becomes 
more limited, datasets will largely exist from 
hospitals and clinics. Surveillance data will be 
limited, but the importance of early warning 
systems, particularly for vulnerable populations, 
is as important. 

Wastewater testing is an effective mechanism to 
provide all-encompassing public health trends, 
allowing for departments of health to provide 
targeted interventions, such as the RSV outreach 
or targeted clinics, that are efficient, effective, 
and cost-saving. 

Finally, wastewater surveillance offers the 
opportunity to survey population health of a 
community. This becomes even more valuable in 
communities with scarce healthcare resource or 
access to it. This technology allows affordable 
and non-invasive monitoring for worrying trends 
and the ability to focus resources in areas where 
a concerning trend is identified.

Dr. Lemelle, Chief Medical Officer for Shield T3, stated, "When over 10% 
of the U.S. population is uninsured5, we should embrace a technology that 
enables viewing vulnerable populations and directing scarce resources.” 

Once a sampling plan is established, inclusive of installation, collection 
and lab processing, that site can be used in a myriad of ways. This 
program demonstrated multiple pathogen detection and acted as an early 
signal for RSV and Influenza spread in Revere. 

As future concerns emerge, whether they are seasonal or new pathogens, 
wastewater testing can be a proactive method for targeting new threats 
with minimal effort as collection procedures or sample sites will not likely 
change. In a school setting, for example, pairing SARS-COV-2 with 
Influenza would provide a deeper lens to understand population risk. At a 
municipal level, future uses could even include behavioral health indicators 
or pharmaceuticals like opioid detection and risk mitigation (for example, 
how could a city better allocate Narcan distribution to first responders). 

Increasing the scope of typical wastewater testing to include small 
catchment collections and incorporating end-to-end solutions to limit the 
work of local authorities will help identify and track pathogens before 
they present a widespread risk. 

REFERENCE SECTION
Wastewater sampling from K-12 facilities has been used as an 
effective tool in wastewater testing. For example, the San Diego 
Unified School District and Houston, TX, Independent School 
District, in collaboration with higher-education institutions and 
Departments of Health, have implemented highly effective 
wastewater monitoring programs within their communities. 

Houston Health Department (HHD) - Houston Independent 
School District – Houston Public Works 

• Currently monitoring approximately 55 K-12 schools and 
35 sewer sheds in the Houston area 

• Program is managed by the HHD Environmental Health

• Strong collaboration between Houston Public Works and HHD 

• Program has been in operation since Q3 of 2020 

• Long-standing relationship between HHD and HISD from 
the traditional immunizations program 

• HHD developed communications plan for school nurses 

• HISD school nurses delivered messaging to school staff 
and parents 

• Demonstrated ability to translate surveillance into local action 

• Dashboard: covidwwtp.spatialstudieslab.org 

UC San Diego and San Diego Unified School District 

• Currently monitoring 63 K-12 school in the San Diego area 

• Program is managed by UC, San Diego and custodial staff 
collects samples for each school 

• K-12 program has been in operation since Q1 of 2021 

• UC San Diego worked very close with each school principal 
on a communication plan at each school 

• Custodial staff training to collect samples took over three 
months to mature 

• Demonstrated ability to translate surveillance into local action 
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INTRODUCTION
WBE surveillance testing offers several unique strengths, 
including:

• Building- or community-level surveillance to provide 
early warning systems at an organizational level and 
within municipalities, particularly in areas that demon-
strate heightened vulnerabilities

• Broad population coverage

• Detection of infections among asymptomatic carriers 
who shed virus in their stools

• A lead time of 1–2 weeks for changes in community-level 
infections compared with individual case data

OBJECTIVES
The COVID-19 pandemic has been complicated by an 
inability to track infections in a timely and comprehensive 
manner. Traditional clinical testing has been proven insuffi-
cient to monitor disease transmission because of lack of 
symptoms in 20-40% of infected people depending on 
demographic group2 in addition to lack of supplies and test 
kits during the early part of the pandemic. 

Given limitations on public testing and limited data from 
at-home testing, wastewater sampling can provide essential 
public health data to supplement and inform decision-making 
at a community level. 

In collaboration with Revere DPH and Revere public schools, 
CIC Health and Shield T3 set up 11 distinct wastewater 
collection points between April and November in both 
schools and city manholes. Revere, a minority-majority 
community, contains multiple census tracts that present a 
high social vulnerability index, as defined by the CDC.3 

K-12 sites were selected to include a mix of schools 
(elementary, middle and high school) in addition to 
geographic coverage. Municipal sites were selected to target 
the most vulnerable communities, in addition to ensuring 
appropriate citywide coverage. 

School data from the pilot clearly shows that school settings 
can provide enough wastewater data to serve as an effective 
surveillance program, though a shortened pilot window 
didn’t allow enough time to establish clear data trends. The 
municipal pilot in Revere, however, showed consistent trends 
across each of the five municipal sites and identified an early 
spike in SARS-CoV-2 infections in Revere before a similar 
spike was seen in aggregate wastewater data in Massachu-
setts (Deer Island).

PILOT STRUCTURE
The pilot was developed in two phases. Both phases 
included collections and processing in addition to weekly 
reviews with Revere DPH. All data from the pilot was sent as 
a weekly raw file in addition to a data platform that mapped 
the collection locations, highlighted current levels and 
displayed trend data. 

Phase one’s focus was on seamless end-to-end logistics for 
six school sites, from collections to processing. Automatic 
wastewater samplers or autosamplers were installed at all 
sites, in school lift stations or in onsite manholes. Portable 
autosamplers are battery-powered, electromechanical 
devices with a programmable pump and a large container 
that collect samples at a specific time interval into one 
container and collect a composite sample. One hundred and 
five composite samples were collected, with an average of 

21 per week. Grab samples (a single sample taken at an 
exact moment of time) were taken when autosamplers were 
unable to collect due to clogging or low flow conditions. This 
program ran from April to June and ended as schools closed 
for the summer.

Phase two of the pilot began in June and included the 
installation, sample collection and sample processing of 
samples from five distinct micro-sewer sheds and expanding 
the testing scope to include upper respiratory diseases. CIC 
Health and Shield T3, in collaboration with Revere DPH and 
the Department of Public Works, established five collection 
points throughout the city of Revere. These sites captured 
approximately one-third of Revere’s population, with a focus 
on the most socio-economically vulnerable neighborhoods. 

All five of the selected collection sites were manhole 
locations and collections occurred twice per week at each 
site. Autosamplers were installed either within or next to the 
manhole, and in the instance of an autosampler failure, grab 
samples were taken.

In addition, as part of this pilot, passive sampling devices 
were implemented at four locations for the purpose of 
understanding the performance and applicability in a 
municipal sewer system. Passive sampling is an alternative 
sampling method that has promising applicability for WBE. It 

has been used for environmental sampling for many decades, 
and it is a technique that requires a collection medium, such 
as cotton swabs left in a stream. We were able to collect 
valuable data from these devices and our conclusion is that 
drawing a direct comparison of autosamplers is not recom-
mended. Its applicability depends on hydraulic conditions and 
well-defined objectives for surveillance — for example, at a 
school building and when the data will be used to signal a 
change in viral concentration. 

A total of 252 composite and passive samples were collected 
twice a week from mid-June to mid-November 2022. After 
we replaced an autosampler due to a manufacturing 
problem, our sampling success rate was 99.7%. 

SAMPLE PROCESSING

Shield T3 owns and operates a nationwide network of 
laboratories that provide viral extraction and amplification 
analysis. During this pilot, sampling collection crews collected 
composite samples and couriered the samples using 
next-day-priority services to a central lab in Chicago, IL. 
State-of-the-art protocols and quality control processes 
are used at the laboratories that can detect SARS-CoV-2 
RNA concentrations in agreement with CDC wastewater 
testing guidelines. 

Internal and external controls such as Bovine CoV (BcoV) 
were used to demonstrate test recovery and impact from 
inhibitors. In addition, Shield T3 provided analysis for the 
detection and quantification of Influenza and RSV.

COMMUNICATIONS AND REPORTING

All SARS-CoV-2 RNA results were posted automatically to a 
secure dashboard for review, while results from Influenza and 
RSV were delivered directly to public health officials using 
secured email messages. Weekly review sessions were held 
between CIC Health and Shield T3 to ensure data was 
inputted accurately and interpreted correctly, allowing for 
clear and concise data visualization. 

This cadence provided Revere DPH with clear and actionable 
reports twice each week with complete custom, digital 
dashboard access. Finally, CIC Health and Shield T3 commu-
nications included the use of a web application to facilitate 
data collection in the field and communicate critical information 
about site conditions and sample conditions.

PHASE 1 LEARNINGS FROM K-12
The initial phase of the pilot in Revere schools highlighted 
three critical findings:

Students use school bathrooms – All six sites within the 
program showed SARS-CoV-2 present in wastewater. 
Evidence of clear signals across all sample points indicates 
that wastewater testing at a school level can detect the virus. 
Trends differ from school to school, and technical concerns 
with some sampling sites (closeness to the kitchen, limited 
wastewater flow, etc.) warrant further investigation through 
additional programs. 

Schools presented unique trends – Data across all six sites 
were differentiated, and while some data points would peak 
at similar intervals, most collections showed unique trends 
across all schools. This was most apparent in a comparative 
data review between Revere High School and James Hill 
Elementary School. 

As seen on the graph below (Fig. 1), James Hill showed 
consistently low levels of SARS-CoV-2 across the entirety of 
the pilot. Revere High School, on the other hand, showed a 
steep rise in levels starting on May 19 and eventually peaking 
on May 26.

These schools are only 0.4 miles apart and yet based on the 
data, would require different interventions based on risk 
within the school population. 

Revere High School wastewater viral load was associated 
with increased absenteeism – During rising COVID levels 
from May 19 to 26, we saw a correlation between higher 
levels of COVID and lower attendance. Further statistical 
analysis is required to determine and validate this trend. 

Wastewater Testing

PHASE 2 LEARNINGS FROM 
MUNICIPAL
As the school year ended towards mid-June, the program 
transitioned from school sites to select municipal sites. Data from 
the municipal pilot was consistent, with clear trends emerging 
and limited spikes. In addition to SARS-CoV-2, the program 
began testing for RSV and Influenza A/B in early October. 

Revere is a majority-minority community with unique risks 
and vulnerabilities. With continued wastewater surveillance, 
data and warnings will help prevent larger outbreaks and 
empower the city DPH and local community to leverage 
resources and communication to limit spread.

Revere showed increasing COVID 
levels 10 days before statewide 

wastewater data.
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In late August, all sites showed rising levels of SARS-CoV-2 
within the wastewater, two of the five sites indicated elevated 
levels (>1 million genomic units per liter). In mid-September, 
four of the five sites peaked with elevated SARS-CoV-2 levels 
above 1 million GU/L, (genomic units per liter), with some 
sites above 2 million GU/L. These values then gradually 
decreased for the rest of the month. 

Public health officials were noticing increased teacher 
absences at school, with one school reporting numerous (15+) 
teachers out with COVID-19, in addition to hearing from the 
community about higher-than-normal infections around this 
time. While there was confidence in the wastewater data and 
what officials were feeling on the ground, case rate data from 
the city was limited. The majority of COVID testing was likely 
through at-home antigen tests that go unreported. 

Statewide COVID rates in Massachusetts increased approximately 
two weeks later, indicated by regional wastewater data through 
Massachusetts Water and Resources Authority (MWRA). 

This graph (Fig. 2) shows that viral load in Revere wastewater spiked 
before a similar increase was seen in MWRA North levels. This 
increase in the city of Revere was not represented in aggregate 
wastewater levels at MWRA, and by the time those MWRA 
levels were rising, Revere was past its peak values.

By having a localized wastewater surveillance program, 
Revere DPH identified risk levels that were unique to Revere. 
Once regional data indicated a spread, Revere was already 
past the peak of their community’s infection. 

Localized surveillance, particularly within vulnerable popula-
tions, is critical. These communities display risk levels that 
are unique and magnified, acting as sentinel populations. 
Blending this into larger aggregate data poorly reflects on 
actual risk and will often be too late to react appropriately.

Established wastewater sampling 
infrastructure enables RSV 

intervention.

The program began testing for RSV and Influenza in early 
October. On October 17, RSV was identified in three of the 
five sites. In the following three corresponding collections 
across two weeks, RSV positives continued to be present, 
showing a consistent presence. 

RSV data is not available to Revere DPH through city reporting 
mechanisms, and it has no clear way of recognizing in-city or 
even regional RSV trends. State data for RSV is available 
based on total RSV PCR tests, but few people actively test for 
the virus, and this data is only presented in aggregate. 

The program worked with the Revere DPH to develop an 
outreach plan for at-risk populations, namely daycares. 

Revere DPH made 64 calls to daycares throughout Revere, 
informing them of the presence of RSV within the community, 
in addition to some preventative measures to stop the disease. 
Of the daycares that responded, 28% of providers weren’t 
aware of RSV, 23% asked for assistance with personal 
protective equipment (PPE) or cleaning supplies (which the 
Revere DPH provides), and 62% were eager for more 
information to share with parents.4 In addition to these calls, 
an RSV flier was created (see right) for daycares and parents. 
Fliers were provided in English, Spanish and Arabic. 

Based on early feedback from interviews with daycare 
providers, providers and parents were appreciative of the 

Figure 2: Graph showing that viral load in Revere wastewater spiked before a similar increase was seen in MWRA North levels.

information. Out of five interviews conducted so far, providers 
indicated parents were not aware of RSV and that the fliers 
helped them to increase or maintain current cleaning practices 
and/or masking. Parents appreciated the information coming 
from daycare providers, citing that it helped them further 
understand risks to their children, and to advocate for testing 
if symptoms emerged. 

As stated by Lauren Buck, Revere DPH: “Local wastewater 
data really became actionable for our public health depart-
ment when we were able to utilize it as a data point when 
reaching out to our home daycare communities. Regarding 
the alarming spike in RSV cases that fall, having a super-local 
data point allowed us to bring our home daycare providers 
relevant information and assistance in a timely fashion.”

Influenza signals are increasing.
In addition to RSV, Influenza had been detected weekly from 
October 17 through November 17 initially at one to two sites, 
and spiking the week of November 7 with detection at four of 
the five sites. More work is currently being done to under-
stand different interventions related to Influenza rates — 
namely, how to increase vaccination rates in Revere using 
public clinics and pharmacies. 

In wastewater sampling, each 
population coverage level is 

uniquely valuable.

The pilot utilized two different wastewater population 
coverage levels, city manholes and school collection points, 
which highlighted the difference in the value of each. 

As population coverage increases to a town/city level or even 
regional level data set, the wastewater data represents 
temporal averages that are helpful to identify trends. As 

population coverage decreases to a smaller catchment area, 
wastewater data will become more prone to spikes with high 
and low reported values. This variability is important because 
it represents the different stages of viral shedding from 
infected individuals, and due to variability when bathrooms 
are used and who uses these bathrooms.

This does not mean that the signal is irrelevant, as our pilot 
still showed trendlines emerge at school sites and because 
schools are a sentinel population representative of the 
community they reside in, even the ability to identify 
SARS-CoV-2 presence has a distinct value. (Schools can 
employ additional testing, for example.) 

Organizational-level data, particularly within vulnerable 
populations, provides an early warning system, and while 
that data may present more distinct highs and lows, it will 
also ultimately establish trendlines and warning signals, as 
indicated by Revere High School (presence of an outbreak) 
and James Hill Elementary (limited to no COVID spread 
within the population). 

The below chart (Fig. 3) shows population differences as you 
move up sampling locations. 

CONCLUSION
Micro-targeting and focusing on small catchment 
wastewater testing are critical to both react to 
current risk levels and mitigate impacts from 
future pandemics. 

Large-scale wastewater testing at treatment 
facilities provide important trends and variant 
tracking, but it does not always have the 
specificity to capture city- and town-level risk, 
particularly for vulnerable populations. Cities 
and towns are unique with respect to vaccination 
rates, health literacy and response to public 
health interventions. Utilizing localized waste-
water data reduces the time to detect and 
respond to outbreaks and the needs of a specific 
community, increasing efficacy through a more 
targeted, cost-effective approach. The pilot 
program in Revere, MA, a vulnerable community, 
has demonstrated informative localized trends at 
both an organizational and municipal level.

As funding for SARS-CoV-2 testing becomes 
more limited, datasets will largely exist from 
hospitals and clinics. Surveillance data will be 
limited, but the importance of early warning 
systems, particularly for vulnerable populations, 
is as important. 

Wastewater testing is an effective mechanism to 
provide all-encompassing public health trends, 
allowing for departments of health to provide 
targeted interventions, such as the RSV outreach 
or targeted clinics, that are efficient, effective, 
and cost-saving. 

Finally, wastewater surveillance offers the 
opportunity to survey population health of a 
community. This becomes even more valuable in 
communities with scarce healthcare resource or 
access to it. This technology allows affordable 
and non-invasive monitoring for worrying trends 
and the ability to focus resources in areas where 
a concerning trend is identified.

Dr. Lemelle, Chief Medical Officer for Shield T3, stated, "When over 10% 
of the U.S. population is uninsured5, we should embrace a technology that 
enables viewing vulnerable populations and directing scarce resources.” 

Once a sampling plan is established, inclusive of installation, collection 
and lab processing, that site can be used in a myriad of ways. This 
program demonstrated multiple pathogen detection and acted as an early 
signal for RSV and Influenza spread in Revere. 

As future concerns emerge, whether they are seasonal or new pathogens, 
wastewater testing can be a proactive method for targeting new threats 
with minimal effort as collection procedures or sample sites will not likely 
change. In a school setting, for example, pairing SARS-COV-2 with 
Influenza would provide a deeper lens to understand population risk. At a 
municipal level, future uses could even include behavioral health indicators 
or pharmaceuticals like opioid detection and risk mitigation (for example, 
how could a city better allocate Narcan distribution to first responders). 

Increasing the scope of typical wastewater testing to include small 
catchment collections and incorporating end-to-end solutions to limit the 
work of local authorities will help identify and track pathogens before 
they present a widespread risk. 

REFERENCE SECTION
Wastewater sampling from K-12 facilities has been used as an 
effective tool in wastewater testing. For example, the San Diego 
Unified School District and Houston, TX, Independent School 
District, in collaboration with higher-education institutions and 
Departments of Health, have implemented highly effective 
wastewater monitoring programs within their communities. 

Houston Health Department (HHD) - Houston Independent 
School District – Houston Public Works 

• Currently monitoring approximately 55 K-12 schools and 
35 sewer sheds in the Houston area 

• Program is managed by the HHD Environmental Health

• Strong collaboration between Houston Public Works and HHD 

• Program has been in operation since Q3 of 2020 

• Long-standing relationship between HHD and HISD from 
the traditional immunizations program 

• HHD developed communications plan for school nurses 

• HISD school nurses delivered messaging to school staff 
and parents 

• Demonstrated ability to translate surveillance into local action 

• Dashboard: covidwwtp.spatialstudieslab.org 

UC San Diego and San Diego Unified School District 

• Currently monitoring 63 K-12 school in the San Diego area 

• Program is managed by UC, San Diego and custodial staff 
collects samples for each school 

• K-12 program has been in operation since Q1 of 2021 

• UC San Diego worked very close with each school principal 
on a communication plan at each school 

• Custodial staff training to collect samples took over three 
months to mature 

• Demonstrated ability to translate surveillance into local action 
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INTRODUCTION
WBE surveillance testing offers several unique strengths, 
including:

• Building- or community-level surveillance to provide 
early warning systems at an organizational level and 
within municipalities, particularly in areas that demon-
strate heightened vulnerabilities

• Broad population coverage

• Detection of infections among asymptomatic carriers 
who shed virus in their stools

• A lead time of 1–2 weeks for changes in community-level 
infections compared with individual case data

OBJECTIVES
The COVID-19 pandemic has been complicated by an 
inability to track infections in a timely and comprehensive 
manner. Traditional clinical testing has been proven insuffi-
cient to monitor disease transmission because of lack of 
symptoms in 20-40% of infected people depending on 
demographic group2 in addition to lack of supplies and test 
kits during the early part of the pandemic. 

Given limitations on public testing and limited data from 
at-home testing, wastewater sampling can provide essential 
public health data to supplement and inform decision-making 
at a community level. 

In collaboration with Revere DPH and Revere public schools, 
CIC Health and Shield T3 set up 11 distinct wastewater 
collection points between April and November in both 
schools and city manholes. Revere, a minority-majority 
community, contains multiple census tracts that present a 
high social vulnerability index, as defined by the CDC.3 

K-12 sites were selected to include a mix of schools 
(elementary, middle and high school) in addition to 
geographic coverage. Municipal sites were selected to target 
the most vulnerable communities, in addition to ensuring 
appropriate citywide coverage. 

School data from the pilot clearly shows that school settings 
can provide enough wastewater data to serve as an effective 
surveillance program, though a shortened pilot window 
didn’t allow enough time to establish clear data trends. The 
municipal pilot in Revere, however, showed consistent trends 
across each of the five municipal sites and identified an early 
spike in SARS-CoV-2 infections in Revere before a similar 
spike was seen in aggregate wastewater data in Massachu-
setts (Deer Island).

PILOT STRUCTURE
The pilot was developed in two phases. Both phases 
included collections and processing in addition to weekly 
reviews with Revere DPH. All data from the pilot was sent as 
a weekly raw file in addition to a data platform that mapped 
the collection locations, highlighted current levels and 
displayed trend data. 

Phase one’s focus was on seamless end-to-end logistics for 
six school sites, from collections to processing. Automatic 
wastewater samplers or autosamplers were installed at all 
sites, in school lift stations or in onsite manholes. Portable 
autosamplers are battery-powered, electromechanical 
devices with a programmable pump and a large container 
that collect samples at a specific time interval into one 
container and collect a composite sample. One hundred and 
five composite samples were collected, with an average of 

21 per week. Grab samples (a single sample taken at an 
exact moment of time) were taken when autosamplers were 
unable to collect due to clogging or low flow conditions. This 
program ran from April to June and ended as schools closed 
for the summer.

Phase two of the pilot began in June and included the 
installation, sample collection and sample processing of 
samples from five distinct micro-sewer sheds and expanding 
the testing scope to include upper respiratory diseases. CIC 
Health and Shield T3, in collaboration with Revere DPH and 
the Department of Public Works, established five collection 
points throughout the city of Revere. These sites captured 
approximately one-third of Revere’s population, with a focus 
on the most socio-economically vulnerable neighborhoods. 

All five of the selected collection sites were manhole 
locations and collections occurred twice per week at each 
site. Autosamplers were installed either within or next to the 
manhole, and in the instance of an autosampler failure, grab 
samples were taken.

In addition, as part of this pilot, passive sampling devices 
were implemented at four locations for the purpose of 
understanding the performance and applicability in a 
municipal sewer system. Passive sampling is an alternative 
sampling method that has promising applicability for WBE. It 

has been used for environmental sampling for many decades, 
and it is a technique that requires a collection medium, such 
as cotton swabs left in a stream. We were able to collect 
valuable data from these devices and our conclusion is that 
drawing a direct comparison of autosamplers is not recom-
mended. Its applicability depends on hydraulic conditions and 
well-defined objectives for surveillance — for example, at a 
school building and when the data will be used to signal a 
change in viral concentration. 

A total of 252 composite and passive samples were collected 
twice a week from mid-June to mid-November 2022. After 
we replaced an autosampler due to a manufacturing 
problem, our sampling success rate was 99.7%. 

SAMPLE PROCESSING

Shield T3 owns and operates a nationwide network of 
laboratories that provide viral extraction and amplification 
analysis. During this pilot, sampling collection crews collected 
composite samples and couriered the samples using 
next-day-priority services to a central lab in Chicago, IL. 
State-of-the-art protocols and quality control processes 
are used at the laboratories that can detect SARS-CoV-2 
RNA concentrations in agreement with CDC wastewater 
testing guidelines. 

Internal and external controls such as Bovine CoV (BcoV) 
were used to demonstrate test recovery and impact from 
inhibitors. In addition, Shield T3 provided analysis for the 
detection and quantification of Influenza and RSV.

COMMUNICATIONS AND REPORTING

All SARS-CoV-2 RNA results were posted automatically to a 
secure dashboard for review, while results from Influenza and 
RSV were delivered directly to public health officials using 
secured email messages. Weekly review sessions were held 
between CIC Health and Shield T3 to ensure data was 
inputted accurately and interpreted correctly, allowing for 
clear and concise data visualization. 

This cadence provided Revere DPH with clear and actionable 
reports twice each week with complete custom, digital 
dashboard access. Finally, CIC Health and Shield T3 commu-
nications included the use of a web application to facilitate 
data collection in the field and communicate critical information 
about site conditions and sample conditions.

PHASE 1 LEARNINGS FROM K-12
The initial phase of the pilot in Revere schools highlighted 
three critical findings:

Students use school bathrooms – All six sites within the 
program showed SARS-CoV-2 present in wastewater. 
Evidence of clear signals across all sample points indicates 
that wastewater testing at a school level can detect the virus. 
Trends differ from school to school, and technical concerns 
with some sampling sites (closeness to the kitchen, limited 
wastewater flow, etc.) warrant further investigation through 
additional programs. 

Schools presented unique trends – Data across all six sites 
were differentiated, and while some data points would peak 
at similar intervals, most collections showed unique trends 
across all schools. This was most apparent in a comparative 
data review between Revere High School and James Hill 
Elementary School. 

As seen on the graph below (Fig. 1), James Hill showed 
consistently low levels of SARS-CoV-2 across the entirety of 
the pilot. Revere High School, on the other hand, showed a 
steep rise in levels starting on May 19 and eventually peaking 
on May 26.

These schools are only 0.4 miles apart and yet based on the 
data, would require different interventions based on risk 
within the school population. 

Revere High School wastewater viral load was associated 
with increased absenteeism – During rising COVID levels 
from May 19 to 26, we saw a correlation between higher 
levels of COVID and lower attendance. Further statistical 
analysis is required to determine and validate this trend. 

PHASE 2 LEARNINGS FROM 
MUNICIPAL
As the school year ended towards mid-June, the program 
transitioned from school sites to select municipal sites. Data from 
the municipal pilot was consistent, with clear trends emerging 
and limited spikes. In addition to SARS-CoV-2, the program 
began testing for RSV and Influenza A/B in early October. 

Revere is a majority-minority community with unique risks 
and vulnerabilities. With continued wastewater surveillance, 
data and warnings will help prevent larger outbreaks and 
empower the city DPH and local community to leverage 
resources and communication to limit spread.

Revere showed increasing COVID 
levels 10 days before statewide 

wastewater data.

Wastewater Testing

In late August, all sites showed rising levels of SARS-CoV-2 
within the wastewater, two of the five sites indicated elevated 
levels (>1 million genomic units per liter). In mid-September, 
four of the five sites peaked with elevated SARS-CoV-2 levels 
above 1 million GU/L, (genomic units per liter), with some 
sites above 2 million GU/L. These values then gradually 
decreased for the rest of the month. 

Public health officials were noticing increased teacher 
absences at school, with one school reporting numerous (15+) 
teachers out with COVID-19, in addition to hearing from the 
community about higher-than-normal infections around this 
time. While there was confidence in the wastewater data and 
what officials were feeling on the ground, case rate data from 
the city was limited. The majority of COVID testing was likely 
through at-home antigen tests that go unreported. 

Statewide COVID rates in Massachusetts increased approximately 
two weeks later, indicated by regional wastewater data through 
Massachusetts Water and Resources Authority (MWRA). 

This graph (Fig. 2) shows that viral load in Revere wastewater spiked 
before a similar increase was seen in MWRA North levels. This 
increase in the city of Revere was not represented in aggregate 
wastewater levels at MWRA, and by the time those MWRA 
levels were rising, Revere was past its peak values.

By having a localized wastewater surveillance program, 
Revere DPH identified risk levels that were unique to Revere. 
Once regional data indicated a spread, Revere was already 
past the peak of their community’s infection. 

Localized surveillance, particularly within vulnerable popula-
tions, is critical. These communities display risk levels that 
are unique and magnified, acting as sentinel populations. 
Blending this into larger aggregate data poorly reflects on 
actual risk and will often be too late to react appropriately.

Established wastewater sampling 
infrastructure enables RSV 

intervention.

The program began testing for RSV and Influenza in early 
October. On October 17, RSV was identified in three of the 
five sites. In the following three corresponding collections 
across two weeks, RSV positives continued to be present, 
showing a consistent presence. 

RSV data is not available to Revere DPH through city reporting 
mechanisms, and it has no clear way of recognizing in-city or 
even regional RSV trends. State data for RSV is available 
based on total RSV PCR tests, but few people actively test for 
the virus, and this data is only presented in aggregate. 

The program worked with the Revere DPH to develop an 
outreach plan for at-risk populations, namely daycares. 

Revere DPH made 64 calls to daycares throughout Revere, 
informing them of the presence of RSV within the community, 
in addition to some preventative measures to stop the disease. 
Of the daycares that responded, 28% of providers weren’t 
aware of RSV, 23% asked for assistance with personal 
protective equipment (PPE) or cleaning supplies (which the 
Revere DPH provides), and 62% were eager for more 
information to share with parents.4 In addition to these calls, 
an RSV flier was created (see right) for daycares and parents. 
Fliers were provided in English, Spanish and Arabic. 

Based on early feedback from interviews with daycare 
providers, providers and parents were appreciative of the 

information. Out of five interviews conducted so far, providers 
indicated parents were not aware of RSV and that the fliers 
helped them to increase or maintain current cleaning practices 
and/or masking. Parents appreciated the information coming 
from daycare providers, citing that it helped them further 
understand risks to their children, and to advocate for testing 
if symptoms emerged. 

As stated by Lauren Buck, Revere DPH: “Local wastewater 
data really became actionable for our public health depart-
ment when we were able to utilize it as a data point when 
reaching out to our home daycare communities. Regarding 
the alarming spike in RSV cases that fall, having a super-local 
data point allowed us to bring our home daycare providers 
relevant information and assistance in a timely fashion.”

4 Actual percentages from phone outreach to daycare 
providers

Example RSV flier for Revere, MA. After flier distribution, 
meetings were scheduled with select daycares to conduct 
in-depth interviews on usefulness of information and types 
of interventions the provider undertook. 

Influenza signals are increasing.
In addition to RSV, Influenza had been detected weekly from 
October 17 through November 17 initially at one to two sites, 
and spiking the week of November 7 with detection at four of 
the five sites. More work is currently being done to under-
stand different interventions related to Influenza rates — 
namely, how to increase vaccination rates in Revere using 
public clinics and pharmacies. 

In wastewater sampling, each 
population coverage level is 

uniquely valuable.

The pilot utilized two different wastewater population 
coverage levels, city manholes and school collection points, 
which highlighted the difference in the value of each. 

As population coverage increases to a town/city level or even 
regional level data set, the wastewater data represents 
temporal averages that are helpful to identify trends. As 

population coverage decreases to a smaller catchment area, 
wastewater data will become more prone to spikes with high 
and low reported values. This variability is important because 
it represents the different stages of viral shedding from 
infected individuals, and due to variability when bathrooms 
are used and who uses these bathrooms.

This does not mean that the signal is irrelevant, as our pilot 
still showed trendlines emerge at school sites and because 
schools are a sentinel population representative of the 
community they reside in, even the ability to identify 
SARS-CoV-2 presence has a distinct value. (Schools can 
employ additional testing, for example.) 

Organizational-level data, particularly within vulnerable 
populations, provides an early warning system, and while 
that data may present more distinct highs and lows, it will 
also ultimately establish trendlines and warning signals, as 
indicated by Revere High School (presence of an outbreak) 
and James Hill Elementary (limited to no COVID spread 
within the population). 

The below chart (Fig. 3) shows population differences as you 
move up sampling locations. 

CONCLUSION
Micro-targeting and focusing on small catchment 
wastewater testing are critical to both react to 
current risk levels and mitigate impacts from 
future pandemics. 

Large-scale wastewater testing at treatment 
facilities provide important trends and variant 
tracking, but it does not always have the 
specificity to capture city- and town-level risk, 
particularly for vulnerable populations. Cities 
and towns are unique with respect to vaccination 
rates, health literacy and response to public 
health interventions. Utilizing localized waste-
water data reduces the time to detect and 
respond to outbreaks and the needs of a specific 
community, increasing efficacy through a more 
targeted, cost-effective approach. The pilot 
program in Revere, MA, a vulnerable community, 
has demonstrated informative localized trends at 
both an organizational and municipal level.

As funding for SARS-CoV-2 testing becomes 
more limited, datasets will largely exist from 
hospitals and clinics. Surveillance data will be 
limited, but the importance of early warning 
systems, particularly for vulnerable populations, 
is as important. 

Wastewater testing is an effective mechanism to 
provide all-encompassing public health trends, 
allowing for departments of health to provide 
targeted interventions, such as the RSV outreach 
or targeted clinics, that are efficient, effective, 
and cost-saving. 

Finally, wastewater surveillance offers the 
opportunity to survey population health of a 
community. This becomes even more valuable in 
communities with scarce healthcare resource or 
access to it. This technology allows affordable 
and non-invasive monitoring for worrying trends 
and the ability to focus resources in areas where 
a concerning trend is identified.

Dr. Lemelle, Chief Medical Officer for Shield T3, stated, "When over 10% 
of the U.S. population is uninsured5, we should embrace a technology that 
enables viewing vulnerable populations and directing scarce resources.” 

Once a sampling plan is established, inclusive of installation, collection 
and lab processing, that site can be used in a myriad of ways. This 
program demonstrated multiple pathogen detection and acted as an early 
signal for RSV and Influenza spread in Revere. 

As future concerns emerge, whether they are seasonal or new pathogens, 
wastewater testing can be a proactive method for targeting new threats 
with minimal effort as collection procedures or sample sites will not likely 
change. In a school setting, for example, pairing SARS-COV-2 with 
Influenza would provide a deeper lens to understand population risk. At a 
municipal level, future uses could even include behavioral health indicators 
or pharmaceuticals like opioid detection and risk mitigation (for example, 
how could a city better allocate Narcan distribution to first responders). 

Increasing the scope of typical wastewater testing to include small 
catchment collections and incorporating end-to-end solutions to limit the 
work of local authorities will help identify and track pathogens before 
they present a widespread risk. 

REFERENCE SECTION
Wastewater sampling from K-12 facilities has been used as an 
effective tool in wastewater testing. For example, the San Diego 
Unified School District and Houston, TX, Independent School 
District, in collaboration with higher-education institutions and 
Departments of Health, have implemented highly effective 
wastewater monitoring programs within their communities. 

Houston Health Department (HHD) - Houston Independent 
School District – Houston Public Works 

• Currently monitoring approximately 55 K-12 schools and 
35 sewer sheds in the Houston area 

• Program is managed by the HHD Environmental Health

• Strong collaboration between Houston Public Works and HHD 

• Program has been in operation since Q3 of 2020 

• Long-standing relationship between HHD and HISD from 
the traditional immunizations program 

• HHD developed communications plan for school nurses 

• HISD school nurses delivered messaging to school staff 
and parents 

• Demonstrated ability to translate surveillance into local action 

• Dashboard: covidwwtp.spatialstudieslab.org 

UC San Diego and San Diego Unified School District 

• Currently monitoring 63 K-12 school in the San Diego area 

• Program is managed by UC, San Diego and custodial staff 
collects samples for each school 

• K-12 program has been in operation since Q1 of 2021 

• UC San Diego worked very close with each school principal 
on a communication plan at each school 

• Custodial staff training to collect samples took over three 
months to mature 

• Demonstrated ability to translate surveillance into local action 
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INTRODUCTION
WBE surveillance testing offers several unique strengths, 
including:

• Building- or community-level surveillance to provide 
early warning systems at an organizational level and 
within municipalities, particularly in areas that demon-
strate heightened vulnerabilities

• Broad population coverage

• Detection of infections among asymptomatic carriers 
who shed virus in their stools

• A lead time of 1–2 weeks for changes in community-level 
infections compared with individual case data

OBJECTIVES
The COVID-19 pandemic has been complicated by an 
inability to track infections in a timely and comprehensive 
manner. Traditional clinical testing has been proven insuffi-
cient to monitor disease transmission because of lack of 
symptoms in 20-40% of infected people depending on 
demographic group2 in addition to lack of supplies and test 
kits during the early part of the pandemic. 

Given limitations on public testing and limited data from 
at-home testing, wastewater sampling can provide essential 
public health data to supplement and inform decision-making 
at a community level. 

In collaboration with Revere DPH and Revere public schools, 
CIC Health and Shield T3 set up 11 distinct wastewater 
collection points between April and November in both 
schools and city manholes. Revere, a minority-majority 
community, contains multiple census tracts that present a 
high social vulnerability index, as defined by the CDC.3 

K-12 sites were selected to include a mix of schools 
(elementary, middle and high school) in addition to 
geographic coverage. Municipal sites were selected to target 
the most vulnerable communities, in addition to ensuring 
appropriate citywide coverage. 

School data from the pilot clearly shows that school settings 
can provide enough wastewater data to serve as an effective 
surveillance program, though a shortened pilot window 
didn’t allow enough time to establish clear data trends. The 
municipal pilot in Revere, however, showed consistent trends 
across each of the five municipal sites and identified an early 
spike in SARS-CoV-2 infections in Revere before a similar 
spike was seen in aggregate wastewater data in Massachu-
setts (Deer Island).

PILOT STRUCTURE
The pilot was developed in two phases. Both phases 
included collections and processing in addition to weekly 
reviews with Revere DPH. All data from the pilot was sent as 
a weekly raw file in addition to a data platform that mapped 
the collection locations, highlighted current levels and 
displayed trend data. 

Phase one’s focus was on seamless end-to-end logistics for 
six school sites, from collections to processing. Automatic 
wastewater samplers or autosamplers were installed at all 
sites, in school lift stations or in onsite manholes. Portable 
autosamplers are battery-powered, electromechanical 
devices with a programmable pump and a large container 
that collect samples at a specific time interval into one 
container and collect a composite sample. One hundred and 
five composite samples were collected, with an average of 

21 per week. Grab samples (a single sample taken at an 
exact moment of time) were taken when autosamplers were 
unable to collect due to clogging or low flow conditions. This 
program ran from April to June and ended as schools closed 
for the summer.

Phase two of the pilot began in June and included the 
installation, sample collection and sample processing of 
samples from five distinct micro-sewer sheds and expanding 
the testing scope to include upper respiratory diseases. CIC 
Health and Shield T3, in collaboration with Revere DPH and 
the Department of Public Works, established five collection 
points throughout the city of Revere. These sites captured 
approximately one-third of Revere’s population, with a focus 
on the most socio-economically vulnerable neighborhoods. 

All five of the selected collection sites were manhole 
locations and collections occurred twice per week at each 
site. Autosamplers were installed either within or next to the 
manhole, and in the instance of an autosampler failure, grab 
samples were taken.

In addition, as part of this pilot, passive sampling devices 
were implemented at four locations for the purpose of 
understanding the performance and applicability in a 
municipal sewer system. Passive sampling is an alternative 
sampling method that has promising applicability for WBE. It 

has been used for environmental sampling for many decades, 
and it is a technique that requires a collection medium, such 
as cotton swabs left in a stream. We were able to collect 
valuable data from these devices and our conclusion is that 
drawing a direct comparison of autosamplers is not recom-
mended. Its applicability depends on hydraulic conditions and 
well-defined objectives for surveillance — for example, at a 
school building and when the data will be used to signal a 
change in viral concentration. 

A total of 252 composite and passive samples were collected 
twice a week from mid-June to mid-November 2022. After 
we replaced an autosampler due to a manufacturing 
problem, our sampling success rate was 99.7%. 

SAMPLE PROCESSING

Shield T3 owns and operates a nationwide network of 
laboratories that provide viral extraction and amplification 
analysis. During this pilot, sampling collection crews collected 
composite samples and couriered the samples using 
next-day-priority services to a central lab in Chicago, IL. 
State-of-the-art protocols and quality control processes 
are used at the laboratories that can detect SARS-CoV-2 
RNA concentrations in agreement with CDC wastewater 
testing guidelines. 

Internal and external controls such as Bovine CoV (BcoV) 
were used to demonstrate test recovery and impact from 
inhibitors. In addition, Shield T3 provided analysis for the 
detection and quantification of Influenza and RSV.

COMMUNICATIONS AND REPORTING

All SARS-CoV-2 RNA results were posted automatically to a 
secure dashboard for review, while results from Influenza and 
RSV were delivered directly to public health officials using 
secured email messages. Weekly review sessions were held 
between CIC Health and Shield T3 to ensure data was 
inputted accurately and interpreted correctly, allowing for 
clear and concise data visualization. 

This cadence provided Revere DPH with clear and actionable 
reports twice each week with complete custom, digital 
dashboard access. Finally, CIC Health and Shield T3 commu-
nications included the use of a web application to facilitate 
data collection in the field and communicate critical information 
about site conditions and sample conditions.

PHASE 1 LEARNINGS FROM K-12
The initial phase of the pilot in Revere schools highlighted 
three critical findings:

Students use school bathrooms – All six sites within the 
program showed SARS-CoV-2 present in wastewater. 
Evidence of clear signals across all sample points indicates 
that wastewater testing at a school level can detect the virus. 
Trends differ from school to school, and technical concerns 
with some sampling sites (closeness to the kitchen, limited 
wastewater flow, etc.) warrant further investigation through 
additional programs. 

Schools presented unique trends – Data across all six sites 
were differentiated, and while some data points would peak 
at similar intervals, most collections showed unique trends 
across all schools. This was most apparent in a comparative 
data review between Revere High School and James Hill 
Elementary School. 

As seen on the graph below (Fig. 1), James Hill showed 
consistently low levels of SARS-CoV-2 across the entirety of 
the pilot. Revere High School, on the other hand, showed a 
steep rise in levels starting on May 19 and eventually peaking 
on May 26.

These schools are only 0.4 miles apart and yet based on the 
data, would require different interventions based on risk 
within the school population. 

Revere High School wastewater viral load was associated 
with increased absenteeism – During rising COVID levels 
from May 19 to 26, we saw a correlation between higher 
levels of COVID and lower attendance. Further statistical 
analysis is required to determine and validate this trend. 

PHASE 2 LEARNINGS FROM 
MUNICIPAL
As the school year ended towards mid-June, the program 
transitioned from school sites to select municipal sites. Data from 
the municipal pilot was consistent, with clear trends emerging 
and limited spikes. In addition to SARS-CoV-2, the program 
began testing for RSV and Influenza A/B in early October. 

Revere is a majority-minority community with unique risks 
and vulnerabilities. With continued wastewater surveillance, 
data and warnings will help prevent larger outbreaks and 
empower the city DPH and local community to leverage 
resources and communication to limit spread.

Revere showed increasing COVID 
levels 10 days before statewide 

wastewater data.

In late August, all sites showed rising levels of SARS-CoV-2 
within the wastewater, two of the five sites indicated elevated 
levels (>1 million genomic units per liter). In mid-September, 
four of the five sites peaked with elevated SARS-CoV-2 levels 
above 1 million GU/L, (genomic units per liter), with some 
sites above 2 million GU/L. These values then gradually 
decreased for the rest of the month. 

Public health officials were noticing increased teacher 
absences at school, with one school reporting numerous (15+) 
teachers out with COVID-19, in addition to hearing from the 
community about higher-than-normal infections around this 
time. While there was confidence in the wastewater data and 
what officials were feeling on the ground, case rate data from 
the city was limited. The majority of COVID testing was likely 
through at-home antigen tests that go unreported. 

Statewide COVID rates in Massachusetts increased approximately 
two weeks later, indicated by regional wastewater data through 
Massachusetts Water and Resources Authority (MWRA). 

This graph (Fig. 2) shows that viral load in Revere wastewater spiked 
before a similar increase was seen in MWRA North levels. This 
increase in the city of Revere was not represented in aggregate 
wastewater levels at MWRA, and by the time those MWRA 
levels were rising, Revere was past its peak values.

By having a localized wastewater surveillance program, 
Revere DPH identified risk levels that were unique to Revere. 
Once regional data indicated a spread, Revere was already 
past the peak of their community’s infection. 

Localized surveillance, particularly within vulnerable popula-
tions, is critical. These communities display risk levels that 
are unique and magnified, acting as sentinel populations. 
Blending this into larger aggregate data poorly reflects on 
actual risk and will often be too late to react appropriately.

Established wastewater sampling 
infrastructure enables RSV 

intervention.

The program began testing for RSV and Influenza in early 
October. On October 17, RSV was identified in three of the 
five sites. In the following three corresponding collections 
across two weeks, RSV positives continued to be present, 
showing a consistent presence. 

RSV data is not available to Revere DPH through city reporting 
mechanisms, and it has no clear way of recognizing in-city or 
even regional RSV trends. State data for RSV is available 
based on total RSV PCR tests, but few people actively test for 
the virus, and this data is only presented in aggregate. 

The program worked with the Revere DPH to develop an 
outreach plan for at-risk populations, namely daycares. 

Revere DPH made 64 calls to daycares throughout Revere, 
informing them of the presence of RSV within the community, 
in addition to some preventative measures to stop the disease. 
Of the daycares that responded, 28% of providers weren’t 
aware of RSV, 23% asked for assistance with personal 
protective equipment (PPE) or cleaning supplies (which the 
Revere DPH provides), and 62% were eager for more 
information to share with parents.4 In addition to these calls, 
an RSV flier was created (see right) for daycares and parents. 
Fliers were provided in English, Spanish and Arabic. 

Based on early feedback from interviews with daycare 
providers, providers and parents were appreciative of the 

information. Out of five interviews conducted so far, providers 
indicated parents were not aware of RSV and that the fliers 
helped them to increase or maintain current cleaning practices 
and/or masking. Parents appreciated the information coming 
from daycare providers, citing that it helped them further 
understand risks to their children, and to advocate for testing 
if symptoms emerged. 

As stated by Lauren Buck, Revere DPH: “Local wastewater 
data really became actionable for our public health depart-
ment when we were able to utilize it as a data point when 
reaching out to our home daycare communities. Regarding 
the alarming spike in RSV cases that fall, having a super-local 
data point allowed us to bring our home daycare providers 
relevant information and assistance in a timely fashion.”

Wastewater Testing

Influenza signals are increasing.
In addition to RSV, Influenza had been detected weekly from 
October 17 through November 17 initially at one to two sites, 
and spiking the week of November 7 with detection at four of 
the five sites. More work is currently being done to under-
stand different interventions related to Influenza rates — 
namely, how to increase vaccination rates in Revere using 
public clinics and pharmacies. 

In wastewater sampling, each 
population coverage level is 

uniquely valuable.

The pilot utilized two different wastewater population 
coverage levels, city manholes and school collection points, 
which highlighted the difference in the value of each. 

As population coverage increases to a town/city level or even 
regional level data set, the wastewater data represents 
temporal averages that are helpful to identify trends. As 

population coverage decreases to a smaller catchment area, 
wastewater data will become more prone to spikes with high 
and low reported values. This variability is important because 
it represents the different stages of viral shedding from 
infected individuals, and due to variability when bathrooms 
are used and who uses these bathrooms.

This does not mean that the signal is irrelevant, as our pilot 
still showed trendlines emerge at school sites and because 
schools are a sentinel population representative of the 
community they reside in, even the ability to identify 
SARS-CoV-2 presence has a distinct value. (Schools can 
employ additional testing, for example.) 

Organizational-level data, particularly within vulnerable 
populations, provides an early warning system, and while 
that data may present more distinct highs and lows, it will 
also ultimately establish trendlines and warning signals, as 
indicated by Revere High School (presence of an outbreak) 
and James Hill Elementary (limited to no COVID spread 
within the population). 

The below chart (Fig. 3) shows population differences as you 
move up sampling locations. 

CONCLUSION
Micro-targeting and focusing on small catchment 
wastewater testing are critical to both react to 
current risk levels and mitigate impacts from 
future pandemics. 

Large-scale wastewater testing at treatment 
facilities provide important trends and variant 
tracking, but it does not always have the 
specificity to capture city- and town-level risk, 
particularly for vulnerable populations. Cities 
and towns are unique with respect to vaccination 
rates, health literacy and response to public 
health interventions. Utilizing localized waste-
water data reduces the time to detect and 
respond to outbreaks and the needs of a specific 
community, increasing efficacy through a more 
targeted, cost-effective approach. The pilot 
program in Revere, MA, a vulnerable community, 
has demonstrated informative localized trends at 
both an organizational and municipal level.

As funding for SARS-CoV-2 testing becomes 
more limited, datasets will largely exist from 
hospitals and clinics. Surveillance data will be 
limited, but the importance of early warning 
systems, particularly for vulnerable populations, 
is as important. 

Wastewater testing is an effective mechanism to 
provide all-encompassing public health trends, 
allowing for departments of health to provide 
targeted interventions, such as the RSV outreach 
or targeted clinics, that are efficient, effective, 
and cost-saving. 

Finally, wastewater surveillance offers the 
opportunity to survey population health of a 
community. This becomes even more valuable in 
communities with scarce healthcare resource or 
access to it. This technology allows affordable 
and non-invasive monitoring for worrying trends 
and the ability to focus resources in areas where 
a concerning trend is identified.

Figure 3, Source: Dave O’Connor and Marc Johnson, 
openresearch.labkey.com/_webdav/Coven/human-source-cryptic-SARS-CoV-2-lineages/%40files/SPHERES-wastewater/index.html 
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Dr. Lemelle, Chief Medical Officer for Shield T3, stated, "When over 10% 
of the U.S. population is uninsured5, we should embrace a technology that 
enables viewing vulnerable populations and directing scarce resources.” 

Once a sampling plan is established, inclusive of installation, collection 
and lab processing, that site can be used in a myriad of ways. This 
program demonstrated multiple pathogen detection and acted as an early 
signal for RSV and Influenza spread in Revere. 

As future concerns emerge, whether they are seasonal or new pathogens, 
wastewater testing can be a proactive method for targeting new threats 
with minimal effort as collection procedures or sample sites will not likely 
change. In a school setting, for example, pairing SARS-COV-2 with 
Influenza would provide a deeper lens to understand population risk. At a 
municipal level, future uses could even include behavioral health indicators 
or pharmaceuticals like opioid detection and risk mitigation (for example, 
how could a city better allocate Narcan distribution to first responders). 

Increasing the scope of typical wastewater testing to include small 
catchment collections and incorporating end-to-end solutions to limit the 
work of local authorities will help identify and track pathogens before 
they present a widespread risk. 

REFERENCE SECTION
Wastewater sampling from K-12 facilities has been used as an 
effective tool in wastewater testing. For example, the San Diego 
Unified School District and Houston, TX, Independent School 
District, in collaboration with higher-education institutions and 
Departments of Health, have implemented highly effective 
wastewater monitoring programs within their communities. 

Houston Health Department (HHD) - Houston Independent 
School District – Houston Public Works 

• Currently monitoring approximately 55 K-12 schools and 
35 sewer sheds in the Houston area 

• Program is managed by the HHD Environmental Health

• Strong collaboration between Houston Public Works and HHD 

• Program has been in operation since Q3 of 2020 

• Long-standing relationship between HHD and HISD from 
the traditional immunizations program 

• HHD developed communications plan for school nurses 

• HISD school nurses delivered messaging to school staff 
and parents 

• Demonstrated ability to translate surveillance into local action 

• Dashboard: covidwwtp.spatialstudieslab.org 

UC San Diego and San Diego Unified School District 

• Currently monitoring 63 K-12 school in the San Diego area 

• Program is managed by UC, San Diego and custodial staff 
collects samples for each school 

• K-12 program has been in operation since Q1 of 2021 

• UC San Diego worked very close with each school principal 
on a communication plan at each school 

• Custodial staff training to collect samples took over three 
months to mature 

• Demonstrated ability to translate surveillance into local action 
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INTRODUCTION
WBE surveillance testing offers several unique strengths, 
including:

• Building- or community-level surveillance to provide 
early warning systems at an organizational level and 
within municipalities, particularly in areas that demon-
strate heightened vulnerabilities

• Broad population coverage

• Detection of infections among asymptomatic carriers 
who shed virus in their stools

• A lead time of 1–2 weeks for changes in community-level 
infections compared with individual case data

OBJECTIVES
The COVID-19 pandemic has been complicated by an 
inability to track infections in a timely and comprehensive 
manner. Traditional clinical testing has been proven insuffi-
cient to monitor disease transmission because of lack of 
symptoms in 20-40% of infected people depending on 
demographic group2 in addition to lack of supplies and test 
kits during the early part of the pandemic. 

Given limitations on public testing and limited data from 
at-home testing, wastewater sampling can provide essential 
public health data to supplement and inform decision-making 
at a community level. 

In collaboration with Revere DPH and Revere public schools, 
CIC Health and Shield T3 set up 11 distinct wastewater 
collection points between April and November in both 
schools and city manholes. Revere, a minority-majority 
community, contains multiple census tracts that present a 
high social vulnerability index, as defined by the CDC.3 

K-12 sites were selected to include a mix of schools 
(elementary, middle and high school) in addition to 
geographic coverage. Municipal sites were selected to target 
the most vulnerable communities, in addition to ensuring 
appropriate citywide coverage. 

School data from the pilot clearly shows that school settings 
can provide enough wastewater data to serve as an effective 
surveillance program, though a shortened pilot window 
didn’t allow enough time to establish clear data trends. The 
municipal pilot in Revere, however, showed consistent trends 
across each of the five municipal sites and identified an early 
spike in SARS-CoV-2 infections in Revere before a similar 
spike was seen in aggregate wastewater data in Massachu-
setts (Deer Island).

PILOT STRUCTURE
The pilot was developed in two phases. Both phases 
included collections and processing in addition to weekly 
reviews with Revere DPH. All data from the pilot was sent as 
a weekly raw file in addition to a data platform that mapped 
the collection locations, highlighted current levels and 
displayed trend data. 

Phase one’s focus was on seamless end-to-end logistics for 
six school sites, from collections to processing. Automatic 
wastewater samplers or autosamplers were installed at all 
sites, in school lift stations or in onsite manholes. Portable 
autosamplers are battery-powered, electromechanical 
devices with a programmable pump and a large container 
that collect samples at a specific time interval into one 
container and collect a composite sample. One hundred and 
five composite samples were collected, with an average of 

21 per week. Grab samples (a single sample taken at an 
exact moment of time) were taken when autosamplers were 
unable to collect due to clogging or low flow conditions. This 
program ran from April to June and ended as schools closed 
for the summer.

Phase two of the pilot began in June and included the 
installation, sample collection and sample processing of 
samples from five distinct micro-sewer sheds and expanding 
the testing scope to include upper respiratory diseases. CIC 
Health and Shield T3, in collaboration with Revere DPH and 
the Department of Public Works, established five collection 
points throughout the city of Revere. These sites captured 
approximately one-third of Revere’s population, with a focus 
on the most socio-economically vulnerable neighborhoods. 

All five of the selected collection sites were manhole 
locations and collections occurred twice per week at each 
site. Autosamplers were installed either within or next to the 
manhole, and in the instance of an autosampler failure, grab 
samples were taken.

In addition, as part of this pilot, passive sampling devices 
were implemented at four locations for the purpose of 
understanding the performance and applicability in a 
municipal sewer system. Passive sampling is an alternative 
sampling method that has promising applicability for WBE. It 

has been used for environmental sampling for many decades, 
and it is a technique that requires a collection medium, such 
as cotton swabs left in a stream. We were able to collect 
valuable data from these devices and our conclusion is that 
drawing a direct comparison of autosamplers is not recom-
mended. Its applicability depends on hydraulic conditions and 
well-defined objectives for surveillance — for example, at a 
school building and when the data will be used to signal a 
change in viral concentration. 

A total of 252 composite and passive samples were collected 
twice a week from mid-June to mid-November 2022. After 
we replaced an autosampler due to a manufacturing 
problem, our sampling success rate was 99.7%. 

SAMPLE PROCESSING

Shield T3 owns and operates a nationwide network of 
laboratories that provide viral extraction and amplification 
analysis. During this pilot, sampling collection crews collected 
composite samples and couriered the samples using 
next-day-priority services to a central lab in Chicago, IL. 
State-of-the-art protocols and quality control processes 
are used at the laboratories that can detect SARS-CoV-2 
RNA concentrations in agreement with CDC wastewater 
testing guidelines. 

Internal and external controls such as Bovine CoV (BcoV) 
were used to demonstrate test recovery and impact from 
inhibitors. In addition, Shield T3 provided analysis for the 
detection and quantification of Influenza and RSV.

COMMUNICATIONS AND REPORTING

All SARS-CoV-2 RNA results were posted automatically to a 
secure dashboard for review, while results from Influenza and 
RSV were delivered directly to public health officials using 
secured email messages. Weekly review sessions were held 
between CIC Health and Shield T3 to ensure data was 
inputted accurately and interpreted correctly, allowing for 
clear and concise data visualization. 

This cadence provided Revere DPH with clear and actionable 
reports twice each week with complete custom, digital 
dashboard access. Finally, CIC Health and Shield T3 commu-
nications included the use of a web application to facilitate 
data collection in the field and communicate critical information 
about site conditions and sample conditions.

PHASE 1 LEARNINGS FROM K-12
The initial phase of the pilot in Revere schools highlighted 
three critical findings:

Students use school bathrooms – All six sites within the 
program showed SARS-CoV-2 present in wastewater. 
Evidence of clear signals across all sample points indicates 
that wastewater testing at a school level can detect the virus. 
Trends differ from school to school, and technical concerns 
with some sampling sites (closeness to the kitchen, limited 
wastewater flow, etc.) warrant further investigation through 
additional programs. 

Schools presented unique trends – Data across all six sites 
were differentiated, and while some data points would peak 
at similar intervals, most collections showed unique trends 
across all schools. This was most apparent in a comparative 
data review between Revere High School and James Hill 
Elementary School. 

As seen on the graph below (Fig. 1), James Hill showed 
consistently low levels of SARS-CoV-2 across the entirety of 
the pilot. Revere High School, on the other hand, showed a 
steep rise in levels starting on May 19 and eventually peaking 
on May 26.

These schools are only 0.4 miles apart and yet based on the 
data, would require different interventions based on risk 
within the school population. 

Revere High School wastewater viral load was associated 
with increased absenteeism – During rising COVID levels 
from May 19 to 26, we saw a correlation between higher 
levels of COVID and lower attendance. Further statistical 
analysis is required to determine and validate this trend. 

PHASE 2 LEARNINGS FROM 
MUNICIPAL
As the school year ended towards mid-June, the program 
transitioned from school sites to select municipal sites. Data from 
the municipal pilot was consistent, with clear trends emerging 
and limited spikes. In addition to SARS-CoV-2, the program 
began testing for RSV and Influenza A/B in early October. 

Revere is a majority-minority community with unique risks 
and vulnerabilities. With continued wastewater surveillance, 
data and warnings will help prevent larger outbreaks and 
empower the city DPH and local community to leverage 
resources and communication to limit spread.

Revere showed increasing COVID 
levels 10 days before statewide 

wastewater data.

In late August, all sites showed rising levels of SARS-CoV-2 
within the wastewater, two of the five sites indicated elevated 
levels (>1 million genomic units per liter). In mid-September, 
four of the five sites peaked with elevated SARS-CoV-2 levels 
above 1 million GU/L, (genomic units per liter), with some 
sites above 2 million GU/L. These values then gradually 
decreased for the rest of the month. 

Public health officials were noticing increased teacher 
absences at school, with one school reporting numerous (15+) 
teachers out with COVID-19, in addition to hearing from the 
community about higher-than-normal infections around this 
time. While there was confidence in the wastewater data and 
what officials were feeling on the ground, case rate data from 
the city was limited. The majority of COVID testing was likely 
through at-home antigen tests that go unreported. 

Statewide COVID rates in Massachusetts increased approximately 
two weeks later, indicated by regional wastewater data through 
Massachusetts Water and Resources Authority (MWRA). 

This graph (Fig. 2) shows that viral load in Revere wastewater spiked 
before a similar increase was seen in MWRA North levels. This 
increase in the city of Revere was not represented in aggregate 
wastewater levels at MWRA, and by the time those MWRA 
levels were rising, Revere was past its peak values.

By having a localized wastewater surveillance program, 
Revere DPH identified risk levels that were unique to Revere. 
Once regional data indicated a spread, Revere was already 
past the peak of their community’s infection. 

Localized surveillance, particularly within vulnerable popula-
tions, is critical. These communities display risk levels that 
are unique and magnified, acting as sentinel populations. 
Blending this into larger aggregate data poorly reflects on 
actual risk and will often be too late to react appropriately.

Established wastewater sampling 
infrastructure enables RSV 

intervention.

The program began testing for RSV and Influenza in early 
October. On October 17, RSV was identified in three of the 
five sites. In the following three corresponding collections 
across two weeks, RSV positives continued to be present, 
showing a consistent presence. 

RSV data is not available to Revere DPH through city reporting 
mechanisms, and it has no clear way of recognizing in-city or 
even regional RSV trends. State data for RSV is available 
based on total RSV PCR tests, but few people actively test for 
the virus, and this data is only presented in aggregate. 

The program worked with the Revere DPH to develop an 
outreach plan for at-risk populations, namely daycares. 

Revere DPH made 64 calls to daycares throughout Revere, 
informing them of the presence of RSV within the community, 
in addition to some preventative measures to stop the disease. 
Of the daycares that responded, 28% of providers weren’t 
aware of RSV, 23% asked for assistance with personal 
protective equipment (PPE) or cleaning supplies (which the 
Revere DPH provides), and 62% were eager for more 
information to share with parents.4 In addition to these calls, 
an RSV flier was created (see right) for daycares and parents. 
Fliers were provided in English, Spanish and Arabic. 

Based on early feedback from interviews with daycare 
providers, providers and parents were appreciative of the 

information. Out of five interviews conducted so far, providers 
indicated parents were not aware of RSV and that the fliers 
helped them to increase or maintain current cleaning practices 
and/or masking. Parents appreciated the information coming 
from daycare providers, citing that it helped them further 
understand risks to their children, and to advocate for testing 
if symptoms emerged. 

As stated by Lauren Buck, Revere DPH: “Local wastewater 
data really became actionable for our public health depart-
ment when we were able to utilize it as a data point when 
reaching out to our home daycare communities. Regarding 
the alarming spike in RSV cases that fall, having a super-local 
data point allowed us to bring our home daycare providers 
relevant information and assistance in a timely fashion.”

Influenza signals are increasing.
In addition to RSV, Influenza had been detected weekly from 
October 17 through November 17 initially at one to two sites, 
and spiking the week of November 7 with detection at four of 
the five sites. More work is currently being done to under-
stand different interventions related to Influenza rates — 
namely, how to increase vaccination rates in Revere using 
public clinics and pharmacies. 

In wastewater sampling, each 
population coverage level is 

uniquely valuable.

The pilot utilized two different wastewater population 
coverage levels, city manholes and school collection points, 
which highlighted the difference in the value of each. 

As population coverage increases to a town/city level or even 
regional level data set, the wastewater data represents 
temporal averages that are helpful to identify trends. As 

population coverage decreases to a smaller catchment area, 
wastewater data will become more prone to spikes with high 
and low reported values. This variability is important because 
it represents the different stages of viral shedding from 
infected individuals, and due to variability when bathrooms 
are used and who uses these bathrooms.

This does not mean that the signal is irrelevant, as our pilot 
still showed trendlines emerge at school sites and because 
schools are a sentinel population representative of the 
community they reside in, even the ability to identify 
SARS-CoV-2 presence has a distinct value. (Schools can 
employ additional testing, for example.) 

Organizational-level data, particularly within vulnerable 
populations, provides an early warning system, and while 
that data may present more distinct highs and lows, it will 
also ultimately establish trendlines and warning signals, as 
indicated by Revere High School (presence of an outbreak) 
and James Hill Elementary (limited to no COVID spread 
within the population). 

The below chart (Fig. 3) shows population differences as you 
move up sampling locations. 

Wastewater Testing

CONCLUSION
Micro-targeting and focusing on small catchment 
wastewater testing are critical to both react to 
current risk levels and mitigate impacts from 
future pandemics. 

Large-scale wastewater testing at treatment 
facilities provide important trends and variant 
tracking, but it does not always have the 
specificity to capture city- and town-level risk, 
particularly for vulnerable populations. Cities 
and towns are unique with respect to vaccination 
rates, health literacy and response to public 
health interventions. Utilizing localized waste-
water data reduces the time to detect and 
respond to outbreaks and the needs of a specific 
community, increasing efficacy through a more 
targeted, cost-effective approach. The pilot 
program in Revere, MA, a vulnerable community, 
has demonstrated informative localized trends at 
both an organizational and municipal level.

As funding for SARS-CoV-2 testing becomes 
more limited, datasets will largely exist from 
hospitals and clinics. Surveillance data will be 
limited, but the importance of early warning 
systems, particularly for vulnerable populations, 
is as important. 

Wastewater testing is an effective mechanism to 
provide all-encompassing public health trends, 
allowing for departments of health to provide 
targeted interventions, such as the RSV outreach 
or targeted clinics, that are efficient, effective, 
and cost-saving. 

Finally, wastewater surveillance offers the 
opportunity to survey population health of a 
community. This becomes even more valuable in 
communities with scarce healthcare resource or 
access to it. This technology allows affordable 
and non-invasive monitoring for worrying trends 
and the ability to focus resources in areas where 
a concerning trend is identified.

Dr. Lemelle, Chief Medical Officer for Shield T3, stated, "When over 10% 
of the U.S. population is uninsured5, we should embrace a technology that 
enables viewing vulnerable populations and directing scarce resources.” 

Once a sampling plan is established, inclusive of installation, collection 
and lab processing, that site can be used in a myriad of ways. This 
program demonstrated multiple pathogen detection and acted as an early 
signal for RSV and Influenza spread in Revere. 

As future concerns emerge, whether they are seasonal or new pathogens, 
wastewater testing can be a proactive method for targeting new threats 
with minimal effort as collection procedures or sample sites will not likely 
change. In a school setting, for example, pairing SARS-COV-2 with 
Influenza would provide a deeper lens to understand population risk. At a 
municipal level, future uses could even include behavioral health indicators 
or pharmaceuticals like opioid detection and risk mitigation (for example, 
how could a city better allocate Narcan distribution to first responders). 

Increasing the scope of typical wastewater testing to include small 
catchment collections and incorporating end-to-end solutions to limit the 
work of local authorities will help identify and track pathogens before 
they present a widespread risk. 

REFERENCE SECTION
Wastewater sampling from K-12 facilities has been used as an 
effective tool in wastewater testing. For example, the San Diego 
Unified School District and Houston, TX, Independent School 
District, in collaboration with higher-education institutions and 
Departments of Health, have implemented highly effective 
wastewater monitoring programs within their communities. 

Houston Health Department (HHD) - Houston Independent 
School District – Houston Public Works 

• Currently monitoring approximately 55 K-12 schools and 
35 sewer sheds in the Houston area 

• Program is managed by the HHD Environmental Health

• Strong collaboration between Houston Public Works and HHD 

• Program has been in operation since Q3 of 2020 

• Long-standing relationship between HHD and HISD from 
the traditional immunizations program 

• HHD developed communications plan for school nurses 

• HISD school nurses delivered messaging to school staff 
and parents 

• Demonstrated ability to translate surveillance into local action 

• Dashboard: covidwwtp.spatialstudieslab.org 

UC San Diego and San Diego Unified School District 

• Currently monitoring 63 K-12 school in the San Diego area 

• Program is managed by UC, San Diego and custodial staff 
collects samples for each school 

• K-12 program has been in operation since Q1 of 2021 

• UC San Diego worked very close with each school principal 
on a communication plan at each school 

• Custodial staff training to collect samples took over three 
months to mature 

• Demonstrated ability to translate surveillance into local action 
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INTRODUCTION
WBE surveillance testing offers several unique strengths, 
including:

• Building- or community-level surveillance to provide 
early warning systems at an organizational level and 
within municipalities, particularly in areas that demon-
strate heightened vulnerabilities

• Broad population coverage

• Detection of infections among asymptomatic carriers 
who shed virus in their stools

• A lead time of 1–2 weeks for changes in community-level 
infections compared with individual case data

OBJECTIVES
The COVID-19 pandemic has been complicated by an 
inability to track infections in a timely and comprehensive 
manner. Traditional clinical testing has been proven insuffi-
cient to monitor disease transmission because of lack of 
symptoms in 20-40% of infected people depending on 
demographic group2 in addition to lack of supplies and test 
kits during the early part of the pandemic. 

Given limitations on public testing and limited data from 
at-home testing, wastewater sampling can provide essential 
public health data to supplement and inform decision-making 
at a community level. 

In collaboration with Revere DPH and Revere public schools, 
CIC Health and Shield T3 set up 11 distinct wastewater 
collection points between April and November in both 
schools and city manholes. Revere, a minority-majority 
community, contains multiple census tracts that present a 
high social vulnerability index, as defined by the CDC.3 

K-12 sites were selected to include a mix of schools 
(elementary, middle and high school) in addition to 
geographic coverage. Municipal sites were selected to target 
the most vulnerable communities, in addition to ensuring 
appropriate citywide coverage. 

School data from the pilot clearly shows that school settings 
can provide enough wastewater data to serve as an effective 
surveillance program, though a shortened pilot window 
didn’t allow enough time to establish clear data trends. The 
municipal pilot in Revere, however, showed consistent trends 
across each of the five municipal sites and identified an early 
spike in SARS-CoV-2 infections in Revere before a similar 
spike was seen in aggregate wastewater data in Massachu-
setts (Deer Island).

PILOT STRUCTURE
The pilot was developed in two phases. Both phases 
included collections and processing in addition to weekly 
reviews with Revere DPH. All data from the pilot was sent as 
a weekly raw file in addition to a data platform that mapped 
the collection locations, highlighted current levels and 
displayed trend data. 

Phase one’s focus was on seamless end-to-end logistics for 
six school sites, from collections to processing. Automatic 
wastewater samplers or autosamplers were installed at all 
sites, in school lift stations or in onsite manholes. Portable 
autosamplers are battery-powered, electromechanical 
devices with a programmable pump and a large container 
that collect samples at a specific time interval into one 
container and collect a composite sample. One hundred and 
five composite samples were collected, with an average of 

21 per week. Grab samples (a single sample taken at an 
exact moment of time) were taken when autosamplers were 
unable to collect due to clogging or low flow conditions. This 
program ran from April to June and ended as schools closed 
for the summer.

Phase two of the pilot began in June and included the 
installation, sample collection and sample processing of 
samples from five distinct micro-sewer sheds and expanding 
the testing scope to include upper respiratory diseases. CIC 
Health and Shield T3, in collaboration with Revere DPH and 
the Department of Public Works, established five collection 
points throughout the city of Revere. These sites captured 
approximately one-third of Revere’s population, with a focus 
on the most socio-economically vulnerable neighborhoods. 

All five of the selected collection sites were manhole 
locations and collections occurred twice per week at each 
site. Autosamplers were installed either within or next to the 
manhole, and in the instance of an autosampler failure, grab 
samples were taken.

In addition, as part of this pilot, passive sampling devices 
were implemented at four locations for the purpose of 
understanding the performance and applicability in a 
municipal sewer system. Passive sampling is an alternative 
sampling method that has promising applicability for WBE. It 

has been used for environmental sampling for many decades, 
and it is a technique that requires a collection medium, such 
as cotton swabs left in a stream. We were able to collect 
valuable data from these devices and our conclusion is that 
drawing a direct comparison of autosamplers is not recom-
mended. Its applicability depends on hydraulic conditions and 
well-defined objectives for surveillance — for example, at a 
school building and when the data will be used to signal a 
change in viral concentration. 

A total of 252 composite and passive samples were collected 
twice a week from mid-June to mid-November 2022. After 
we replaced an autosampler due to a manufacturing 
problem, our sampling success rate was 99.7%. 

SAMPLE PROCESSING

Shield T3 owns and operates a nationwide network of 
laboratories that provide viral extraction and amplification 
analysis. During this pilot, sampling collection crews collected 
composite samples and couriered the samples using 
next-day-priority services to a central lab in Chicago, IL. 
State-of-the-art protocols and quality control processes 
are used at the laboratories that can detect SARS-CoV-2 
RNA concentrations in agreement with CDC wastewater 
testing guidelines. 

Internal and external controls such as Bovine CoV (BcoV) 
were used to demonstrate test recovery and impact from 
inhibitors. In addition, Shield T3 provided analysis for the 
detection and quantification of Influenza and RSV.

COMMUNICATIONS AND REPORTING

All SARS-CoV-2 RNA results were posted automatically to a 
secure dashboard for review, while results from Influenza and 
RSV were delivered directly to public health officials using 
secured email messages. Weekly review sessions were held 
between CIC Health and Shield T3 to ensure data was 
inputted accurately and interpreted correctly, allowing for 
clear and concise data visualization. 

This cadence provided Revere DPH with clear and actionable 
reports twice each week with complete custom, digital 
dashboard access. Finally, CIC Health and Shield T3 commu-
nications included the use of a web application to facilitate 
data collection in the field and communicate critical information 
about site conditions and sample conditions.

PHASE 1 LEARNINGS FROM K-12
The initial phase of the pilot in Revere schools highlighted 
three critical findings:

Students use school bathrooms – All six sites within the 
program showed SARS-CoV-2 present in wastewater. 
Evidence of clear signals across all sample points indicates 
that wastewater testing at a school level can detect the virus. 
Trends differ from school to school, and technical concerns 
with some sampling sites (closeness to the kitchen, limited 
wastewater flow, etc.) warrant further investigation through 
additional programs. 

Schools presented unique trends – Data across all six sites 
were differentiated, and while some data points would peak 
at similar intervals, most collections showed unique trends 
across all schools. This was most apparent in a comparative 
data review between Revere High School and James Hill 
Elementary School. 

As seen on the graph below (Fig. 1), James Hill showed 
consistently low levels of SARS-CoV-2 across the entirety of 
the pilot. Revere High School, on the other hand, showed a 
steep rise in levels starting on May 19 and eventually peaking 
on May 26.

These schools are only 0.4 miles apart and yet based on the 
data, would require different interventions based on risk 
within the school population. 

Revere High School wastewater viral load was associated 
with increased absenteeism – During rising COVID levels 
from May 19 to 26, we saw a correlation between higher 
levels of COVID and lower attendance. Further statistical 
analysis is required to determine and validate this trend. 

PHASE 2 LEARNINGS FROM 
MUNICIPAL
As the school year ended towards mid-June, the program 
transitioned from school sites to select municipal sites. Data from 
the municipal pilot was consistent, with clear trends emerging 
and limited spikes. In addition to SARS-CoV-2, the program 
began testing for RSV and Influenza A/B in early October. 

Revere is a majority-minority community with unique risks 
and vulnerabilities. With continued wastewater surveillance, 
data and warnings will help prevent larger outbreaks and 
empower the city DPH and local community to leverage 
resources and communication to limit spread.

Revere showed increasing COVID 
levels 10 days before statewide 

wastewater data.

In late August, all sites showed rising levels of SARS-CoV-2 
within the wastewater, two of the five sites indicated elevated 
levels (>1 million genomic units per liter). In mid-September, 
four of the five sites peaked with elevated SARS-CoV-2 levels 
above 1 million GU/L, (genomic units per liter), with some 
sites above 2 million GU/L. These values then gradually 
decreased for the rest of the month. 

Public health officials were noticing increased teacher 
absences at school, with one school reporting numerous (15+) 
teachers out with COVID-19, in addition to hearing from the 
community about higher-than-normal infections around this 
time. While there was confidence in the wastewater data and 
what officials were feeling on the ground, case rate data from 
the city was limited. The majority of COVID testing was likely 
through at-home antigen tests that go unreported. 

Statewide COVID rates in Massachusetts increased approximately 
two weeks later, indicated by regional wastewater data through 
Massachusetts Water and Resources Authority (MWRA). 

This graph (Fig. 2) shows that viral load in Revere wastewater spiked 
before a similar increase was seen in MWRA North levels. This 
increase in the city of Revere was not represented in aggregate 
wastewater levels at MWRA, and by the time those MWRA 
levels were rising, Revere was past its peak values.

By having a localized wastewater surveillance program, 
Revere DPH identified risk levels that were unique to Revere. 
Once regional data indicated a spread, Revere was already 
past the peak of their community’s infection. 

Localized surveillance, particularly within vulnerable popula-
tions, is critical. These communities display risk levels that 
are unique and magnified, acting as sentinel populations. 
Blending this into larger aggregate data poorly reflects on 
actual risk and will often be too late to react appropriately.

Established wastewater sampling 
infrastructure enables RSV 

intervention.

The program began testing for RSV and Influenza in early 
October. On October 17, RSV was identified in three of the 
five sites. In the following three corresponding collections 
across two weeks, RSV positives continued to be present, 
showing a consistent presence. 

RSV data is not available to Revere DPH through city reporting 
mechanisms, and it has no clear way of recognizing in-city or 
even regional RSV trends. State data for RSV is available 
based on total RSV PCR tests, but few people actively test for 
the virus, and this data is only presented in aggregate. 

The program worked with the Revere DPH to develop an 
outreach plan for at-risk populations, namely daycares. 

Revere DPH made 64 calls to daycares throughout Revere, 
informing them of the presence of RSV within the community, 
in addition to some preventative measures to stop the disease. 
Of the daycares that responded, 28% of providers weren’t 
aware of RSV, 23% asked for assistance with personal 
protective equipment (PPE) or cleaning supplies (which the 
Revere DPH provides), and 62% were eager for more 
information to share with parents.4 In addition to these calls, 
an RSV flier was created (see right) for daycares and parents. 
Fliers were provided in English, Spanish and Arabic. 

Based on early feedback from interviews with daycare 
providers, providers and parents were appreciative of the 

information. Out of five interviews conducted so far, providers 
indicated parents were not aware of RSV and that the fliers 
helped them to increase or maintain current cleaning practices 
and/or masking. Parents appreciated the information coming 
from daycare providers, citing that it helped them further 
understand risks to their children, and to advocate for testing 
if symptoms emerged. 

As stated by Lauren Buck, Revere DPH: “Local wastewater 
data really became actionable for our public health depart-
ment when we were able to utilize it as a data point when 
reaching out to our home daycare communities. Regarding 
the alarming spike in RSV cases that fall, having a super-local 
data point allowed us to bring our home daycare providers 
relevant information and assistance in a timely fashion.”

Influenza signals are increasing.
In addition to RSV, Influenza had been detected weekly from 
October 17 through November 17 initially at one to two sites, 
and spiking the week of November 7 with detection at four of 
the five sites. More work is currently being done to under-
stand different interventions related to Influenza rates — 
namely, how to increase vaccination rates in Revere using 
public clinics and pharmacies. 

In wastewater sampling, each 
population coverage level is 

uniquely valuable.

The pilot utilized two different wastewater population 
coverage levels, city manholes and school collection points, 
which highlighted the difference in the value of each. 

As population coverage increases to a town/city level or even 
regional level data set, the wastewater data represents 
temporal averages that are helpful to identify trends. As 

population coverage decreases to a smaller catchment area, 
wastewater data will become more prone to spikes with high 
and low reported values. This variability is important because 
it represents the different stages of viral shedding from 
infected individuals, and due to variability when bathrooms 
are used and who uses these bathrooms.

This does not mean that the signal is irrelevant, as our pilot 
still showed trendlines emerge at school sites and because 
schools are a sentinel population representative of the 
community they reside in, even the ability to identify 
SARS-CoV-2 presence has a distinct value. (Schools can 
employ additional testing, for example.) 

Organizational-level data, particularly within vulnerable 
populations, provides an early warning system, and while 
that data may present more distinct highs and lows, it will 
also ultimately establish trendlines and warning signals, as 
indicated by Revere High School (presence of an outbreak) 
and James Hill Elementary (limited to no COVID spread 
within the population). 

The below chart (Fig. 3) shows population differences as you 
move up sampling locations. 

CONCLUSION
Micro-targeting and focusing on small catchment 
wastewater testing are critical to both react to 
current risk levels and mitigate impacts from 
future pandemics. 

Large-scale wastewater testing at treatment 
facilities provide important trends and variant 
tracking, but it does not always have the 
specificity to capture city- and town-level risk, 
particularly for vulnerable populations. Cities 
and towns are unique with respect to vaccination 
rates, health literacy and response to public 
health interventions. Utilizing localized waste-
water data reduces the time to detect and 
respond to outbreaks and the needs of a specific 
community, increasing efficacy through a more 
targeted, cost-effective approach. The pilot 
program in Revere, MA, a vulnerable community, 
has demonstrated informative localized trends at 
both an organizational and municipal level.

As funding for SARS-CoV-2 testing becomes 
more limited, datasets will largely exist from 
hospitals and clinics. Surveillance data will be 
limited, but the importance of early warning 
systems, particularly for vulnerable populations, 
is as important. 

Wastewater testing is an effective mechanism to 
provide all-encompassing public health trends, 
allowing for departments of health to provide 
targeted interventions, such as the RSV outreach 
or targeted clinics, that are efficient, effective, 
and cost-saving. 

Finally, wastewater surveillance offers the 
opportunity to survey population health of a 
community. This becomes even more valuable in 
communities with scarce healthcare resource or 
access to it. This technology allows affordable 
and non-invasive monitoring for worrying trends 
and the ability to focus resources in areas where 
a concerning trend is identified.

Dr. Lemelle, Chief Medical Officer for Shield T3, stated, "When over 10% 
of the U.S. population is uninsured5, we should embrace a technology that 
enables viewing vulnerable populations and directing scarce resources.” 

Once a sampling plan is established, inclusive of installation, collection 
and lab processing, that site can be used in a myriad of ways. This 
program demonstrated multiple pathogen detection and acted as an early 
signal for RSV and Influenza spread in Revere. 

As future concerns emerge, whether they are seasonal or new pathogens, 
wastewater testing can be a proactive method for targeting new threats 
with minimal effort as collection procedures or sample sites will not likely 
change. In a school setting, for example, pairing SARS-COV-2 with 
Influenza would provide a deeper lens to understand population risk. At a 
municipal level, future uses could even include behavioral health indicators 
or pharmaceuticals like opioid detection and risk mitigation (for example, 
how could a city better allocate Narcan distribution to first responders). 

Increasing the scope of typical wastewater testing to include small 
catchment collections and incorporating end-to-end solutions to limit the 
work of local authorities will help identify and track pathogens before 
they present a widespread risk. 

Wastewater Testing

REFERENCE SECTION
Wastewater sampling from K-12 facilities has been used as an 
effective tool in wastewater testing. For example, the San Diego 
Unified School District and Houston, TX, Independent School 
District, in collaboration with higher-education institutions and 
Departments of Health, have implemented highly effective 
wastewater monitoring programs within their communities. 

Houston Health Department (HHD) - Houston Independent 
School District – Houston Public Works 

• Currently monitoring approximately 55 K-12 schools and 
35 sewer sheds in the Houston area 

• Program is managed by the HHD Environmental Health

• Strong collaboration between Houston Public Works and HHD 

• Program has been in operation since Q3 of 2020 

• Long-standing relationship between HHD and HISD from 
the traditional immunizations program 

• HHD developed communications plan for school nurses 

• HISD school nurses delivered messaging to school staff 
and parents 

• Demonstrated ability to translate surveillance into local action 

• Dashboard: covidwwtp.spatialstudieslab.org 

UC San Diego and San Diego Unified School District 

• Currently monitoring 63 K-12 school in the San Diego area 

• Program is managed by UC, San Diego and custodial staff 
collects samples for each school 

• K-12 program has been in operation since Q1 of 2021 

• UC San Diego worked very close with each school principal 
on a communication plan at each school 

• Custodial staff training to collect samples took over three 
months to mature 

• Demonstrated ability to translate surveillance into local action 
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