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Objectives. To describe 4 unique models of operationalizing wastewater-based surveillance (WBS) for

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in jails of graduated sizes and different

architectural designs.

Methods.We summarize how jails of Cook County, Illinois (average daily population [ADP] 6000); Fulton

County, Georgia (ADP 3000); Middlesex County, Massachusetts (ADP 875); and Washington, DC (ADP

1600) initiated WBS between 2020 and 2023.

Results. Positive signals for SARS-CoV-2 via WBS can herald a new onset of infections in previously

uninfected jail housing units. Challenges implementing WBS included political will and realized value,

funding, understanding the building architecture, and the need for details in the findings.

Conclusions.WBS has been effective for detecting outbreaks of SARS-CoV-2 in different sized jails,

those with both dorm- and cell-based architectural design.

Public Health Implications. Given its effectiveness in monitoring SARS-CoV-2, WBS provides a

model for population-based surveillance in carceral facilities for future infectious disease outbreaks.

(Am J Public Health. 2024;114(11):1232–1241. https://doi.org/10.2105/AJPH.2024.307785)

Severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) trans-

mission spiked early in carceral popula-

tions1 because of congregate living,

poor ventilation, and frequent cellblock

transfers.2–4 Since before the COVID-19

pandemic, the United States has led

the world in incarceration.5 Jails (short-

term correctional facilities) averaged 11

million admissions yearly,6 representing

7 to 8 million individuals, when ac-

counting for repeat admissions.7

By January 2023, COVID-19 had caused

3181 deaths in US prisons and jails.8

Surveillance and interventions to de-

crease COVID-19 incidence and mortal-

ity in custody populations are crucial. A

safe custodial environment is a human

right, and carceral health affects com-

munity health.9

Centers for Disease Control and Pre-

vention (CDC) guidance on the manage-

ment of COVID-19 in homeless service

sites and in correctional and detention

facilities initially focused on individual

testing, quarantine, isolation, and mitiga-

tion. Revisions added wastewater-based

surveillance (WBS) as another mitigation

strategy.10 WBS consists of testing

wastewater to identify pathogens, which

can then be linked to a population

source. This surveillance strategy can act

as an early warning signal and guide tar-

geted routine diagnostic tests to identify

individual cases: WBS complements indi-

vidual surveillance.
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Because the virus persists in fecal

matter, WBS is a practical method of

mass surveillance. WBS has proven

useful for infections that spread rapidly

or start with either no or nonspecific

symptoms.11 These characteristics align

with SARS-CoV-2. College dormitory

studies confirmed WBS as a sensitive,

low-cost, noninvasive surveillance tool

for early detection of SARS-CoV-2 at an

institutional level.12–15

Guidance for operationalizing WBS in

carceral settings is sparse and needs to

consider facility architecture (cells vs

dorm rooms), size, and sewer system

configuration. To evaluate the acceptabil-

ity of WBS for COVID-19, we conducted

qualitative studies with individuals who

experienced incarceration during the

COVID-19 pandemic. After finding that

WBS was highly acceptable,16,17 we initi-

ated regular WBS at Fulton County Jail

(FCJ) in Atlanta, Georgia, and tested the

correlation of the proportion of the pop-

ulation infected with SARS-CoV-2 and the

level of virus in the wastewater.18 We re-

port on the expanded operationalization

of WBS at 4 US jails to demonstrate its

wider feasibility and associated effective-

ness outcomes.

METHODS

Four jail systems participated in this

study: Cook County Jail (CCJ), Chicago,

Illinois; FCJ, Atlanta, Georgia; Middlesex

Jail and House of Correction (MJHOC),

North Billerica, Massachusetts; and the

District of Columbia Jail (DCJ), Washing-

ton, DC. Each secured funding and was

willing to engage in an implementation

study to assess the feasibility of WBS for

SARS-CoV-2 surveillance and implemen-

tation outcomes. One or more authors

participated in WBS at each site.

We explored and compared funding,

starting points, jail architecture, sample

collection processes, and laboratory

methods.

Funding, Starting Points,
and Laboratory Linkage

Our study included jails of different

sizes, architectural designs, sewer sys-

tem configurations, and funding levels

(Table 1). Each jail used external labora-

tories for wastewater testing.

CCJ in Chicago, Illinois, used a citywide

project monitoring wastewater for

SARS-CoV-2 starting November 2020.

We included all 16 housing buildings in

the CCJ compound in this project and

tested them biweekly. A private, quickly

mobilized funding source supported CCJ

and other Chicago Department of Public

Health sites. The University of Illinois at

Chicago processed the specimens.

FCJ in Atlanta, Georgia, had WBS fund-

ing from federal sources via a private

company. Emory University received a

subcontract in 2021 to pilot test waste-

water at points around the city of Atlan-

ta. Subsequently, Emory University

received another grant from a private

foundation to demonstrate the efficien-

cy of self-collected nasal swabbing of jail

residents, to correlate individual testing

with WBS, and to interview relevant sta-

keholders. Funding was time limited.

MJHOC, the smallest jail included in

this study, is ranked as a medium-sized

jail by national standards.19 The sher-

iff’s office provided funding. Biobot Ana-

lytics (Cambridge, MA) performed WBS

laboratory analysis. MJHOC began

weekly sampling of wastewater in April

2021 and continued to fund surveil-

lance through the first half of 2024.

The Washington, DC, Department

of Health established WBS at DCJ

via federal funding in 2020. The DC De-

partment of Health initially delayed mo-

bilization of funds and commencement

of WBS in the jail. There has been a lag

in providing feedback of WBS results to

jail clinicians. DC Department of Health

contracted with EA/Ecological Analysts

Engineering (Hunt Valley, MD) for sam-

ple collection, and the District of Co-

lumbia Public Health Lab (Washington,

DC) provided analysis. Sampling at DCJ

began in March 2023. Long-term sur-

veillance is expected to continue.

Wastewater Collection and
Laboratory Methods

Two principal methods of wastewater

sampling are grab samples and Moore

swabs: a snapshot and a longitudinal

measurement of viral signals, respec-

tively. These 2 collection methods are

analogous to a finger-stick blood glu-

cose (single point) measurement and

a hemoglobin A1C (period) measure-

ment for monitoring blood glucose in

diabetic patients. Moore swabs are

499 3 499 gauze squares made from a

48-inch–long gauze strip Z-folded to be

12 ply, then tied in the middle with

a fishing line (Figure 1). These are

dropped in sewer lines for 24 to

48 hours. Wastewater laboratory analy-

sis provides a semiquantitative mea-

surement of virus in the sample.20,21

Results are presented as cycle thresh-

olds, which are higher with decreasing

concentrations of viral RNA. This semi-

quantitative measurement provides a

rough comparison of relative levels of

virus over time. WBS can also monitor

for the presence of specific gene

sequences associated with new

variants.20,21

Operations and
Jail Structure

For CCJ, University of Illinois at Chicago

School of Public Health researchers
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tested wastewater samples as part of a

larger SARS-CoV-2 surveillance project

with the Discovery Partners Institute

(Chicago, IL).22 Testing involved collect-

ing grab and Moore samples. We iden-

tified more than 30 possible collection

sites during the initial site visit to the

multibuilding CCJ complex (Figure 2).

The leader of CCJ’s infection control

team selected which sites to monitor

weekly. Initially, 6 sites were tested bi-

weekly, with periodic adjustments

based on disease activity. Collection

site selection was initially based on con-

firmed clinical activity or suspicion of

new infections to validate the connec-

tion between wastewater readings and

cases. Subsequently, the strategy

shifted to focus on the areas where

suspicion of infection was low

to provide an early warning of new out-

breaks. For buildings in which known

cases were rare and the wastewater

remained negative, CCJ minimized

active surveillance of individuals.

For FCJ, in April 2021, the Emory Uni-

versity Center for Global Safe Water,

Sanitation, and Hygiene performed a

pilot wastewater collection at the jail. Its

environmental microbiology laboratory

followed the RNA extraction and real-

time quantitative polymerase chain

reaction (PCR) protocol for analyzing

specimens previously used in university

dorm testing.20,23 Afterward, starting in

June 2021, a jail representative collect-

ed regular weekly water samples. We

collected Moore swabs retrieved after

24-hour placement, grab samples of

40 mL of wastewater, or both weekly,

rotating between 11 accessible man-

holes on the property (Figure 2b; see

Supplemental Figure A [available as a

supplement to the online version of

this article at http://www.ajph.org]

for more details on specific site proces-

sing). The semiquantitative results were

reported the following day.24

The main FCJ complex consists of a

7-floor structure with 2 towers, both of

which contain 6 housing units (Figure 2;

Supplemental Figure B [available as a

supplement to the online version of

this article at http://www.ajph.org]). Ini-

tially, we could not locate FCJ’s sewage

system blueprints. We poured tracer

dye (EcoClean Solutions, Copiague, NY)

into the plumbing system at various

source locations, with study staff sta-

tioned at manholes relaying when color

appeared, which gave us a preliminary

indication of wastewater flow. Locating

plumbing blueprints in October 2022

confirmed the findings. By early 2023,

dye studies demonstrated the precise

flow patterns (Supplemental Figure B).

With future outbreaks of pathogens

that can be tracked in wastewater, the

precise origin can thus be narrowed

down to a specific housing area in 1 of

the towers.

At MJHOC, we sampled wastewater

from the single facility manhole site

weekly using an automated sampler

(Figure 2).25 The commercial laboratory

Biobot Analytics (Cambridge, MA) ana-

lyzed specimens and delivered the

results electronically to the sheriff’s office

48 hours later. Increased viral concentra-

tions in the wastewater prompted the in-

fectious disease consultant and jail staff

to meet to discuss enhanced individual

testing and mitigation.

At the DC jail, the DC Department of

Health used an automatic sampler and

selected a single site for collection near

the infirmary and a housing unit for

mid- to long-term residents (Figure 2).

At the time of this report, how DCJ

would use the WBS data to inform clini-

cal care was still under consideration.

RESULTS

We have demonstrated the feasibility of

using WBS to guide dynamic COVID-19

response protocols that included resi-

dent and staff testing in the jails. Three

jails used WBS to help guide clinical care.

Individual Testing
Procedures

When WBS was established, the CCJ

compared results with a rapid PCR

FIGURE 1— Moore Swab: A 499 3 499 Gauze Square, Tied Together With
Fishing Line, Which Is Suspended inWastewater for 24 Hours

Source. Saber et al.18
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FIGURE 2— Aerial Photographs, With Locations of Housing Units and Manhole Points, of Jails in (a) Cook County, IL;
(b) Fulton County, GA; (c) Middlesex County, MA; and (d) Washington, DC: 2020–2024

Note. Cook County Jail provided residential housing across 16 buildings. Each had its own wastewater-based sampling site. Specific locations are not shared
because of security concerns. Proxy/representative site at Fulton County Jail represents sampling site that pools wastewater from the majority of housing
sites in the jail.
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(IDNow, Abbot Laboratories, Abbot

Park, IL) test at intake and in the urgent

care unit. To screen housing units after

exposure, before medical procedures,

or before prison transfer, staff collected

swabs from individuals for laboratory-

based PCR testing, which was performed

at the John H. Stroger Jr. Hospital (Chicago,

IL). Before the Omicron variant emerged,

entrants were quarantined in intake

housing, and PCR testing was used to

clear them for transfer to the general

population. This procedure was revised

as CDC guidelines evolved.

FCJ conducted opt-out rapid testing

of individuals at intake as well as point-

of-care testing for suspected cases in

the population using point-of-care anti-

gen tests (BinaxNow, Abbot Laborato-

ries, Chicago IL, through January 2022;

then QuickVue, QuidelOrtho, San Die-

go, CA, from February 2022 onward).

A team from Rollins School of Public

Health performed periodic mass test-

ing. The Gates Foundation suggested

that random population testing be

done via self-collected SteriPack nasal

swabs (SteriPack USA, Lakeland, FL),

collection devices for molecular diag-

nostic testing (Supplemental Figure C,

available as a supplement to the online

version of this article at http://www.

ajph.org). Before piloting this strategy,

the Emory team held 3 focus groups

of recently released individuals from

local jails to gauge acceptability; these

groups specifically endorsed this collec-

tion strategy.16

Once mass testing began, the Emory

team developed a tracking system to

study the relationship between SARS-

CoV-2 diagnostic test positivity rates

and the signal strength in wastewater.18

Specimens collected at FCJ were tested

by Northwell Health Laboratory, which

used an LGC Biosearch Technologies

SARS-CoV-2 ultrahigh-throughput end-

point reverse transcription PCR test

(Middlesex, UK) with 100% sensitivity.

Jail medical staff could access results

the next day. The individual test positivity

rates and the cycle threshold of SARS-

CoV-2 in the wastewater were correlated

(Figure 3).18

Testing individuals for SARS-CoV-2 at

MJHOC started with PCR testing in April

2020. In November 2021, PCR testing

was replaced by rapid antigen testing.

The DC Department of Corrections pro-

cedures for screening, isolation, and

quarantine followed the CDC guidelines

as they evolved.26

Adding Individual Testing

Targeted testing can follow a newly

positive wastewater signal. The number

of possible wastewater collection

points, shown in Table 1, is proportion-

al to the size of each jail. With 1 collec-

tion point, the readings are akin to a

community viral load. However, when

wastewater can be collected from mul-

tiple collection sites and the source is

known to originate from a particular

location in the jail, 1 or more positive

signals informed the jail to consider

testing where there may be highest risk

of infection or spread. When positive

sites were widespread, negative sites

signaled where cases were not occur-

ring and, therefore, resources could be

spared. CCJ demonstrated the most

progress in using WBS to locate and re-

spond to outbreaks identified by WBS

at various jail housing units. Once the

Omicron variant of SARS-CoV-2 was

widespread in the community at large,

wastewater was consistently positive in

most buildings. This guided the jail to

focus on monitoring for clinical illness

through nurse-led symptom checks.

Multiple Wastewater
Collection Sites

At CCJ, each manhole access point drains

from a single living unit. This permitted in-

fection control teams to plan for optimal

isolation housing configurations and

identify zones that did not require tar-

geted testing. In October 2021, SARS-

CoV-2 was detected in the wastewater

from the maximum-security living unit af-

ter prolonged negative results. At the

time, no individuals were being moni-

tored for infection. The infection control

team interpreted the newly positive WBS

readings as a harbinger of undetected in-

fection in this unit. They preemptively no-

tified custody staff that new isolation

beds were necessary. Transfers out of

the building halted to prevent exporting

cases without proactive testing. Three

days after the WBS signal appeared, clini-

cal cases were diagnosed in the building.

This early warning spared staff from

scrambling for isolation beds and facilitat-

ed the prompt application of infection

control measures.

Since the summer of 2021, wastewa-

ter results have been shared weekly

with health care leadership at FCJ. For

the entire duration of WBS, the jail pop-

ulation exceeded its capacity of 2688

persons, limiting their ability to isolate

and quarantine infected and exposed

populations. WBS spurred testing and

led to isolation and quarantine as

space permitted. Approaches were

different during 2 periods.

Period 1 was from summer 2021 to

summer 2022. In summer 2021, waste-

water was clear of SARS-CoV-2 for sev-

eral weeks. Health care staff identified

no active cases. Later, the wastewater

tested positive, preceding the detection

of infected individuals in the population.

Because WBS could not pinpoint which
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housing units had infected individuals,

mass testing occurred beginning Octo-

ber 2021. This supplemented ongoing,

opt-out antigen testing of entrants and

symptomatic individuals. Throughout

2022, the team increasingly understood

the source of cases leading to positive

wastewater sites (Supplement B).

Period 2 began in fall 2022. Locating

the jail’s blueprints (Supplements A and

B) permitted the Emory team to map

plumbing lines. There are 42 housing

units in the north tower and 36 in the

south tower. Sewer mapping helped

narrow down the source site to 7

housing units (or 14 in the case where

2 spokes of a tower drained into 1 site).

The week of October 17, wastewater

was positive in the North 5 manhole

but negative at North 6, prompting

screening in units 500 and 600 of the

north tower. A cluster of 4 cases was

found on the second floor of the north

tower in the 500-housing block and no

cases in the latter.

DISCUSSION

As jails around the country ramped up

WBS for SARS-CoV-2, we learned that

facilities of different sizes found WBS

effective for monitoring new outbreaks.

We have described 4 jail systems that

established WBS systems and used the

results to mitigate outbreaks. The aver-

age daily population of these jails varied

widely, from less than 1000 to several

thousand individuals, affording a view

of WBS operations across a broad

range of jail average daily population

sizes (Table 1). Each of these programs

had unique, innovative approaches to

WBS; they also had challenges to over-

come, such as funding issues that

delayed the Washington, DC, rollout.
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WBS can indicate the emergence of

infection after a period of no activity. In

CCJ, we observed a lead time on identi-

fication of an emerging outbreak, which

allowed advance preparation of mitiga-

tion practices. The duration of lead

time can change with SARS-CoV-2 var-

iants. This effect of a lead time was ob-

served in CCJ, a large jail, and in MJHOC,

a smaller one, in August 2021, with the

emergence of the Delta strain of SARS-

CoV-2 (Supplement D, available as a

supplement to the online version of

this article at http://www.ajph.org). This

highlights that WBS can serve as an

early warning system for disease detec-

tion in multiple jail settings. WBS also

functions as a collective signal on be-

half of individuals who are unable or re-

luctant to self-report or self-identify be-

cause of barriers faced in jail (e.g.,

difficulty accessing health services, stig-

ma, mistrust of providers, concerns

surrounding isolation).

In larger jails, with multiple collection

points corresponding to separate

housing units, WBS may offer the

added benefit of knowing where to

focus, conserving resources. In CCJ,

results streamlined resource use by in-

dicating the areas without virus. These

areas did not require surveillance test-

ing or advance preparation of quaran-

tine or isolation beds. Conversely,

when a jail lacked these features (e.g.,

MJHOC), mass testing became necessary.

Nevertheless, WBS still gave a lead time,

which enabled a quicker response.

In jails with numerous prospective

collection points but limited knowledge

of the source living unit, a delineating

step may be introduced. FCJ demon-

strated the usefulness of dye testing to

confirm wastewater flow, which conse-

quently led to more accurate localiza-

tion of infections and targeted nasal

testing. MJHOC and DCJ used automatic

samplers for obtaining samples for

WBS. The advantage of this technology

is more regulated, periodic sampling of

the wastewater, removing the need to

use Moore swabs.

WhenWBS indicates infection, a strate-

gy of focused testing can enhance case-

finding efficiency. However, administering

an increased volumeof individual tests

maybe labor intensive. In its protocol for

follow-up individual testing, FCJ demon-

strated that numerous nasal swabs could

be collected quickly using barcode scan-

ning to register specimens. The process

for developing this strategy for FCJ is dis-

cussed in Supplement C.Webelieve that

combining automatic sampling andestab-

lishing clear links between collection sites

and housing units for precise infection

locationswill be themost favorable future

practice.

We discovered that, aside from jail

size, each site’s architectural features

had implications for WBS. Configura-

tions of jails varied from a collection of

independent buildings, towers with

multiple wings, and a singular structure.

Each configuration posed different

challenges. One such challenge was ac-

cess to critical points of the drainage

lines and interpretation of results

obtained from such sites. CCJ had

housing units in separate smaller build-

ings, making it easier to access points

in the drainage system that corre-

sponded to separate housing units

(each manhole access point drains

from a single living unit), compared with

the high towers of FCJ. FCJ had a com-

plex interconnecting drainage system

that had some drains flowing into

others. A knowledge of the direction of

flow was also needed to interpret which

housing units were associated with

positive results from manholes. The

pattern of which manholes yielded

wastewater suggestive of SARS-CoV-2

indicated the locations of infection

(Supplement B). Across the project,

residents were housed in dorms, dou-

ble occupancy cells, single occupancy

cells, or mixed housing. Diversity in

housing is important to consider when

planning testing and other mitigation

strategies.

A fundamental component underly-

ing successful implementation of WBS

in jails is support from various stake-

holders, which will be the focus in fu-

ture steps of our study. Across the

country, early attitudes toward SARS-

CoV-2 case finding varied. They ranged

from withholding testing of asymptom-

atic persons, even with known expo-

sure,27 to aggressive identification of

all cases and transparently posting

results.28 Cooperation between entities

included interjail cooperation and com-

munication between custody officials

and respective medical operations.

FCJ and MJHOC operated with con-

tracted medical vendors that approved

surveillance activity. External jail support

included close relationships between

jail staff and academic institutions, such

as the University of Illinois in Chicago,

Emory University, Montefiore Medical

Center/Albert Einstein College of Medi-

cine, and Tufts University. Funding enti-

ties made study activities possible, as

WBS was not yet considered standard

population-level surveillance practice.

Former jail residents were important to

implementing the surveillance project,

as their participation was necessary for

calibrating individual testing logistics.

The diversity represented in our study’s

stakeholders was key to its success. In-

creased participation and awareness

between different entities strengthened

the process overall.

Our study results suggest that WBS

could be a useful population-level system

for other emerging infectious diseases,
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such as mpox, polio, and tuberculosis.

Wastewater was archived at CCJ and FCJ

starting in May 2022 at the onset of the

mpox outbreak. Validation of mpox de-

tection in wastewater has since been

demonstrated.29 CCJ observed 2 con-

firmed cases of mpox30 but did not de-

tect the virus in the weekly wastewater

samples archived from the same period.

Reasons for missing mpox virus in the

wastewater could include waning viral

shedding by the day that virus was

collected. CCJ has also used WBS for in-

fluenza, respiratory syncytial virus, and

hepatitis A.

WBS opens the possibility of surveil-

lance for noninfectious agents, such

as opioids and other illicit drugs.31

Detection of substances in a sample

representing the aggregate of the jail

wastewater can provide public health

data on what substances are present.

Determining the precise location to

narrow the search to a single housing

unit could lead to an individual’s en-

trapment. Opinions of persons with

lived experience of incarceration,

correctional medicine experts, and

others are mixed: some support such

a move; others believe it may erode

residents’ trust in WBS programs.

Although targeted searches could

save resources and better prevent

overdose-associated morbidity and

mortality, it could lead to associating

WBS with punishment rather than

health promotion.

We have demonstrated that WBS can

serve as an early warning system for

disease detection in carceral settings.

Its potential to assist corrections and

public health agencies with outbreak

mitigation is enormous. The application

needs to be thoughtful, and input from

a wide range of stakeholders, including

those with lived experience of

incarceration, could be useful when de-

ciding its scope. Supplemental Figure E

(available as a supplement to the online

version of this article at http://www.

ajph.org) provides a flowchart on oper-

ationalizing WBS using lessons learned

in this project. With all voices at the

table planning its implementation, the

new technology could change the

landscape of infection control in

carceral settings and other congregate

environments.
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