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ABSTRACT N\
Context: Despite the massive scale of COVID-19 case investigation and contact tracing (CI/CT) programs operating
worldwide, the evidence supporting the intervention's public health impact is limited.

Objective: To evaluate the Public Health—Seattle & King County (PHSKC) CI/CT program, including its reach, timeliness,
effect on isolation and quarantine (I&Q) adherence, and potential to mitigate pandemic-related hardships.

Design: This program evaluation used descriptive statistics to analyze surveillance records, case and contact interviews,
referral records, and survey data provided by a sample of cases who had recently ended isolation.

Setting: The PHSKC is one of the largest governmental local health departments in the United States. It serves more than
2.2 million people who reside in Seattle and 38 other municipalities.

Participants: King County residents who were diagnosed with COVID-19 between July 2020 and June 2021.
Intervention: The PHSKC integrated COVID-19 CI/CT with prevention education and service provision.

Results: The PHSKC CI/CT team interviewed 42 900 cases (82 % of cases eligible for CI/CT), a mean of 6.1 days after symp-
tom onset and 3.4 days after SARS-CoV-2 testing. Cases disclosed the names and addresses of 10817 unique worksites
(mean = 0.8/interview) and 11 432 other recently visited locations (mean = 0.5/interview) and provided contact informa-
tion for 62 987 household members (mean = 2.7/interview) and 14 398 nonhousehold contacts (mean = 0.3/interview).
The CI/CT team helped arrange COVID-19 testing for 5650 contacts, facilitated grocery delivery for 7253 households, and
referred 9127 households for financial assistance. End of I&Q Survey participants (n = 304, 54% of sampled) reported
self-notifying an average of 4 nonhousehold contacts and 69% agreed that the information and referrals provided by the
CI/CT team helped them stay in isolation.

Conclusions: In the 12-month evaluation period, CI/CT reached 42611 households and identified thousands of exposure
venues. The timing of CI/CT relative to infectiousness and difficulty eliciting nonhousehold contacts may have attenuated the
intervention’s effect. Through promotion of I&Q guidance and services, CI/CT can help mitigate pandemic-related hardships.

KEY WORDS: adherence to isolation and quarantine, COVID-19 case investigation and contact tracing, exposure
notification, health equity, program evaluation
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develop large-scale CI/CT programs designed to in-
terview COVID-19 cases, elicit their contacts and
notify them of exposure, and encourage adherence
to isolation and quarantine (I&Q) guidance.' Ef-
forts to rapidly bring COVID-19 contact tracing
to scale presented substantial challenges. These in-
cluded difficulties commonly encountered by CI/CT
programs designed to control other infectious dis-
eases, including the inability to locate accurate
phone numbers; nonresponse to call attempts; reluc-
tance to disclose information; imperfect informatics
systems; communication barriers; and multiagency
coordination.*’ The biology and unprecedented scale
of COVID-19 also posed unique challenges to CI/CT
programs.® The short transmission interval and period
of asymptomatic transmissible infection associated
with SARS-CoV-2 necessitated that outreach to cases
and contacts occurs as quickly as possible, espe-
cially in the context of variants such as Delta and
Omicron.®' When case counts exceed programmatic
capacity, CI/CT programs had to choose how to pri-
oritize case interviews, outbreak investigations, and
follow up with contacts.> Given these novel disease
dynamics, COVID-19 CI/CT program activities and
outcomes differ from other infectious disease CI/CT
activities and are not widely documented in the scien-
tific literature.

Health departments in the United States and many
other nations have now provided CI/CT to millions
of people. Despite the massive scale of COVID-19
CI/CT, the evidence supporting its public health im-
pact is limited and derived largely from mathematical
models, many of which were parameterized without
programmatic data.'''* Empiric studies of COVID-
19 contact tracing have, to date, focused primarily on
metrics such as the percentage of cases interviewed,
number of contacts elicited and notified of exposure,
and timeliness of case and contact interview,"'® with
little data on how CI/CT may have affected adher-
ence to [&Q guidelines or rates of infection."” Most
evaluations have also ignored the role of CI/CT pro-
grams in linkage to services and the corresponding
impact of CI/CT in mitigating pandemic-related hard-
ships that disproportionately affect communities that
are lower-income, historically marginalized, and have
experienced the highest rates of COVID-19.

In early 2022, national public health agencies rec-
ommended that health departments cease to provide
universal CI/CT and instead prioritize cases occurring
in specific venues (eg, high-risk congregate settings)
and populations where benefits may be greatest.?’
This recommendation reflected both changes in the
COVID-19 epidemic and the tools available to
confront it, and the realization that universal con-
tact tracing was not feasible when COVID-19 case
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numbers were very high. In this article, we describe
the implementation of the Public Health—Seattle &
King County (PHSKC) CI/CT program and evalu-
ate its reach, timeliness, patient-reported impact on
adherence to isolation guidelines, and provision of
support services. Our experience can help inform de-
cisions regarding how to adapt the CI/CT strategy in
the current stage of the pandemic.

Methods
Program description

Overview and history

After reporting the United States’ first COVID-19
death on February 27, 2020, both PHSKC and the
Washington State Department of Health (WADOH)
began developing large-scale CI/CT programs. The
PHSKC designed its program to be maximally respon-
sive to local needs and coordinated it with WADOH
to ensure consistency in data collection and enhance
statewide capacity.

The scale of the epidemic necessitated deploying
staff and resources from across the health department
to the COVID-19 response. In consultation with and
oversight from the Communicable Disease Epidemiol-
ogy & Immunization Section, the PHSKC HIV/STD
Section implemented and managed day-to-day op-
erations of the COVID-19 CI/CT program. Starting
with 6 members, the PHSKC CI/CT team expanded
to its largest size by late November 2020, compris-
ing 86 contact tracers, 1 medical officer, 3 managers,
3 epidemiologists, 1 trainer, and 2 administrative
specialists; all but 8 were King County employees. Ap-
proximately 40% of contact tracers were bilingual in
Spanish and English.

PHSKC CI/CT program description

Figure 1 visually depicts the PHSKC CI/CT model.
Similar to PHSKC’s approach to HIV surveillance
and linkage to care,?! the COVID-19 CI/CT program
integrated service referrals into case and contact in-
terviews. After initially seeking to speak with each
adult in the household, the program shifted to com-
municating primarily with a single household point
of contact to collect names, dates of birth, and test-
ing and symptom status of each household member,
discuss I1&Q guidelines tailored to each household
member, and coordinate support services. This ap-
proach was more acceptable to participants and time
efficient than speaking with each household mem-
ber individually. The following support services were
offered to all households reached by the PHSKC
CI/CT team: temporary housing and supervised care
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FIGURE 1 Depiction of COVID-19 Case Surveillance, Contact Tracing, and Response in King County, Washington, July 2020 to June 20212

2After a patient underwent SARS-CoV-2 testing, his or her specimen was sent to a laboratory for analysis. As a notifiable condition in Washington
State, laboratories and health providers are legally required to report COVID-19 suspected or confirmed cases to local or state public health authorities
along with the following information: dates corresponding to test order, specimen collection, and availability of test results; test result; ordering provider
details; laboratory details; and patient date of birth, sex, and address. Laboratories typically submit this information through the Washington Electronic
Laboratory Reporting System (WELRS). The WADOH manages WELRS, processes data received through it and other sources, and creates case reports
in the Washington Disease Reporting System (WDRS) that are subsequently assigned to CI/CT teams across the state for investigation. During the case
interview, PHSKC contact tracers collected the following information: language preference, race, ethnicity, and affiliation with an immigrant community;
symptom status and onset; reason for testing; vaccination status; suspected source of infection; participation in WA Notify exposure notification; and
detailed information about places recently visited, including worksites, schools, daycares, health care and behavioral health facilities, long-term care
facilities, correctional facilities, airports and other modes of transportation, bars/restaurants, gyms, places of worship, salons and spas, and community
and social events. This information was subsequently analyzed and summarized for the public, public health decision makers, and outbreak response
teams. Cases were also asked to provide the names, dates of birth, and COVID-19 symptom and testing status of each person in their household, as
well as other persons they had been within 6 ft for at least 15 minutes during their infectious period. Finally, PHSKC contact tracers discussed the 1&Q
guidance tailored to the household's circumstance, assessed need for clinical and support services, and referred to support services team accordingly.

This figure is available in color online (www.JPHMPcom).

at an I/Q facility; one-time grocery delivery; immedi-
ate one-time cash stipend (December 2020 only) or
bill payment (March 2021 to present) averaging US
$1212; help applying for health insurance or finding a
health care provider, longer-term assistance programs
(Temporary Assistance for Needy Families, Supple-
mental Nutrition Assistance Program, charity care,
and discounted utility programs); and free COVID-19
testing. COVID-19 contact tracers could refer cases
with severe symptoms to a physician for a telephone
evaluation.

The PHSKC CI/CT team extensively used auto-
mated text messaging, though the role and scale of
this communication modality evolved over time. Our
texting strategy reached its most mature stage by
February 2021, when 2 automated texts were gen-
erated shortly after case surveillance records were
created: one from WADOH instructing cases to re-
port their COVID-19 diagnosis to the WA Notify
Exposure Notification smartphone tool and another
from PHSKC that instructed cases to go to king-
county.gov/nextsteps for information about self-care,
I&Q guidelines, contact notification, support ser-
vices, CI/CT, and vaccination. After the case interview,
PHSKC tracers used 2-way texting to exchange

information tailored to specific questions or needs
identified during the case interview. Each household
also received daily automated texts encouraging them
to respond with questions or concerns.

Case prioritization

In alignment with Centers for Disease Control and
Prevention’s recommendation, we prioritized cases
tested within the prior 6 days and linked to high-risk
transmission settings. Still, the number of COVID-19
cases oftentimes exceeded PHSKC capacity, prompt-
ing us to develop a prioritization approach that
utilized area-based demographic and socioeconomic
indicators summarized together in the Social and
Economic Risk Index (SERI; described later), which
enabled our team to focus on disproportionately im-
pacted communities. Cases not meeting the PHSKC
prioritization threshold were assigned to the WADOH
CI/CT team. When the number of cases surpassed
the capacity of both teams, cases not known to
have the aforementioned risk factors were sent texts
that screened via text for connections to congregate
settings; those with connections were assigned for in-
terviews and those without were texted instructions

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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to isolate, notify contacts, and reply to text with
questions or service requests.

End of 1&Q survey

In March 2021, the PHSKC CI/CT team surveyed
a random sample of cases aged 18 years and older
who had completed their isolation period the prior
day. The survey assessed cases’ adherence to isola-
tion guidance, their uninfected household members’
adherence to quarantine guidance, and perceptions
of CI/CT, including its impact on their adherence
to isolation recommendations. Selected cases were
texted a link to the survey and received a follow-
up call if they did not respond the same day. Of
1449 eligible cases, 577 were randomly selected and
304 (53%) participated in the survey. One-third of
the participants self-administered the survey via the
texted link; the remaining participants completed an
interviewer-administered survey. Survey participants
did not significantly differ in terms of demographics
or language from all survey eligible cases.

Analysis

This evaluation assessed the impact of PHSKC case
prioritization approach on case assignments and ser-
vice referrals, participation in and timeliness of case
interview, disclosure of contact and workplace in-
formation during case interview, mode of exposure
notification, and referrals for support services. The
exposure period was defined as the 3 to 14 days pre-
ceding symptom onset or date tested if asymptomatic.
The infectious period was defined as the 2 days pre-
ceding symptom onset or test date to the date of
interview for symptomatic and asymptomatic cases,
respectively. Unique exposure venues reported in case
interviews were identified using geocoded venue ad-
dresses and fuzzy matching (using Jaro-Winkler string
distance) of venue names and nongeocodeable venue
addresses.

The PHSKC used an internally developed SERI to
prioritize case investigations based on geography.*?
The PHSKC applied confirmatory factor analysis to
census tract-level indicators from the American Com-
munity Survey to create a standardized index score.
These indicators were grouped into the following sub-
factors: race/ethnicity, language, and place of birth;
household size; essential health care workers; essen-
tial non-health care workers; educational attainment;
and poverty. To create the final SERI score, scores for
each subfactor were added together and standardized
to range between 0 and 5. A higher score was indica-
tive of greater COVID-19 risk. More details about the
SERI are available elsewhere.??
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Results
Case interview

Between July 2020 and June 2021, 101 731 King
County residents tested polymerase chain reaction
(PCR) or antigen-positive for SARS-CoV-2. The per
capita incidence rate, relative to non-Hispanic White
(287 per 10000) and Asian (300 per 10000) resi-
dents, was higher among Hispanic residents (878 per
10 000) and non-Hispanic residents from the follow-
ing backgrounds: Pacific Islander (1339 per 10 000),
Black (685 per 10000), American Indian/Alaska
Native (585 per 10000), and other and multiracial
groups (497 per 10000). The incidence rate in South
King County (662 per 10000) was double that in
Seattle and the areas north and east of Seattle (see
Supplemental Digital Content Table 1, available at
http:/links.lww.com/JPHMP/A956).

Contact tracers attempted to reach 88% of cases di-
agnosed between July 2020 and June 2021, with 53%
of cases assigned to the PHSKC CI/CT team and 35%
assigned to the WADOH CI/CT team. Twelve percent
of cases were not assigned to either team, due to a
greater than 14-day laboratory reporting delay (5%),
case numbers that surpassed the collective capacity of
the PHSKC and WADOH (5%), or some other reason
(2%). Supplemental Digital Content Figure 1, avail-
able at http://links.lww.com/JPHMP/A957, illustrates
how prioritization and assignment of cases varied
with program capacity and epidemiologic trends. All
subsequent results are limited to cases assigned to
the PHSKC CI/CT team between July 2020 and June
2021.

Among cases who the PHSKC CI/CT team at-
tempted to reach, the percentage participating in the
case interview significantly declined over time from
87% in July-September 2020 to 76% in April-June
2021 (P < .001). Participation in CI/CT did not
substantially vary by demographics, region, or SERI
level (see Supplemental Digital Content Table 1, avail-
able at http:/links.lww.com/JPHMP/A956). Of the
42 900 interviews completed by the PHSKC CI/CT
team, 18% (n = 7825) were completed in Spanish
or with an interpreter and 47% were interviewed the
same day as assigned. Cases completed the case in-
terview a mean of 3.4 days following the date of
specimen collection; symptomatic cases completed the
interview a mean of 6.1 days after symptom on-
set. Figure 2 shows the distribution of the provision
of CI/CT relative to symptom onset and the esti-
mated distribution of PCR CT values—a surrogate for
SARS-CoV-2 infectiousness.”® This illustrates the ex-
tent to which CI/CT’s impact may be influenced by its
timeliness and the biology of SARS-CoV-2.
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FIGURE 2 Timing of Case Interview Relative to Inferred Duration of
Infectiousness Period of SARS-CoV-22

8The area under the dotted line represents the distribution of when case
interview was conducted relative to onset of symptoms. The underlying
pastel curves are reproduced from Byrne et al?® and represent SARS-CoV-
2 viral shedding relative to symptom onset. Three curves are depicted as
there remains uncertainty as to whether peak viral shedding occurs prior
to, at, or after symptom onset, and how the temporality of infectiousness
varies by SARS-CoV-2 variant. This figure is available in color online (www.
JPHMPcom).

Exposure notification and provision of infermation for
PHSKC outreach and investigation

Among case interviews conducted by PHSKC, 83%
of cases disclosed information about household mem-
bers, with an average of 2.7 household members
documented for each interviewed case, excluding the
interviewed case (Table 1). Thirteen percent of cases
disclosed the name and phone numbers of 1 and more
nonhousehold contact, with an average of 0.3 non-
household contacts documented for each interviewed
case. In total, PHSKC provided direct or indirect out-
reach to 62 987 household members of index cases
and direct outreach to 14 398 nonhousehold contacts
in this 12-month period.

A total of 14 395 (34%) interviewed cases reported
that they went to work in-person during their infec-
tious period, of whom 93% reported that they had
notified their employer of their diagnosis prior to their
case interview and 78% disclosed their workplace
name and address to PHSKC CI/CT staff. Interviewed
cases provided detailed information about 10817
unique workplaces. Approximately one-third of in-
terviewed cases provided the name and address of a
nonworkplace venue visited during their exposure or
infectious periods, identifying a total of 11 432 unique
potential exposure venues.

The percentage of PHSKC-interviewed cases who
reported having WA Notify activated on their phones

A Multifaceted Evaluation of a COVID-19 Contact Tracing Program

decreased from 19% to 11% between January and
June 2021 (WA Notify launched in December 2020).
Since WA Notify must be activated prior to diagnosis
to send notifications to potential contacts, this lim-
ited the number of cases who could use the system to
notify possible contacts. Overall, 8% of cases had re-
ported their COVID-19 diagnosis to WA Notify prior
to the case interview, and 9% were provided instruc-
tions to report the diagnosis to WA Notify following
the case interview.

Most participants in the End of I&Q Survey (n =
304) reported notifying contacts without CI/CT as-
sistance; 97% of participants reported that they had
notified household members of their diagnosis; and
82% reported notifying 1 and more nonhousehold
contact. In contrast to the low number of nonhouse-
hold contacts elicited during the case interview, survey
respondents reported that they directly notified a me-
dian of 2 (interquartile range: 1-5) nonhousehold
contacts of their COVID-19 diagnosis.

Service referrals

The PHSKC CI/CT team arranged delivery of food
and essential items to 7253 households that were
home to approximately 10 240 COVID-19 cases and
15 045 contacts. The number of households reached
by this service varied with program capacity and epi-
demic trends, growing from 187 households in July
2020 to 1115 households in April 2021 (Figure 3).
Receipt of this service varied by SERI level, with 26 %
of case households in highest SERI quartile census
tracts receiving groceries versus 12% in the lowest
SERI quatrtile.

The CI/CT team referred 9127 households, home
to approximately 12 724 COVID-19 cases and 19
293 contacts, for financial assistance. When COVID
relief-funded cash stipends or bill payment assistance
was available, 49% of households located in highest
SERI quartile census tracts and 20% of households in
the lowest SERI quartile census tracts were referred;
1621 (34%) referred households received this support
through the care coordination (CC) team. When the
cash stipend and bill assistance programs were not op-
erating, 24% of households located in highest SERI
quartile census tracts and 7% of households in the
lowest SERI quartile census tracts were referred to
speak with the CC team about long-standing public
assistance programs and their application processes.

The CI/CT team assisted 5650 contacts (8% of all
elicited contacts) from 2969 households to receive
COVID-19 testing. They also referred 3601 (8%)
households to the CC team to discuss health insurance
and/or health care service providers, connected 563
(1%) cases with severe symptoms and without access
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TABLE 1
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Disclosure of Contacts and Places Visited During COVID-19 Case Interview and Case-Initiated Exposure Notification

Total Number of
Contacts and Venues
Reported: Unique (Total)

Interviewed Cases,
I'I/N (%)

Mean (SD)
Per Case

Cases diagnosed between July 2020 and June 2021 who completed PHSKC case interview (n = 42 900)

Case disclosure of actionable information for >1

Named any household contacts and number contacts 34778/42829 (83%)° 2.68(2.2) 62987
named (excluding index case)?

Named any nonhousehold contacts and number 5 569/42 900 (13%)° 0.34(1.6) 14 398
nonhousehold contacts named

Named a recently® visited worksite and number 11 266/14 395 (78%)° 0.81(0.5) 10817 (15089)
worksites named*

Named a recently® visited nonworksite venue(s) and 13 615/42 900 (32%)° 0.46 (0.8) 11432 (19 842)
number venues named

Case-initiated exposure notification

Notified employer prior to case interview®-® 12 887/13 837 (93%)°

Reported diagnosis in WA Notify’ prior to case 1776/22136 (8%)
interview?
Received instructions during case interview to report 190522 136 (9%)

diagnosis to WA Notify’

Random sample of PHSKC-interviewed cases completing “End of 1&Q Survey” in March 2021 (n = 304)

Case-initiated exposure notification
Notified all household members of their diagnosis"

Nonhousehold contacts directly notified of exposure
by case

Notified employerd

144/149 (97%)
248/304 (82%)

3.6 (6.8)

166/176 (94%)

Abbreviation: PHSKC, Public Health—Seattle & King County.
Restricted to cases with documented household contacts.
bNotified or reported at least 1.

CVisited during the infectious or exposure periods. The exposure period was defined as the 3 to 10 days preceding symptom onset for symptomatic cases and 3 to 10 days
preceding date tested for asymptomatic cases. Infectious period was defined as the 2 days preceding symptom onset or test date to the date of interview for symptomatic

and asymptomatic cases, respectively.

9dRestricted to symptomatic cases who reported working in-person the 2 days preceding or 10 days following symptom onset and asymptomatic cases who reported working
in-person the 2 days preceding or 10 days following date of COVID-19 test specimen collection.

€ Restricted to cases with nonmissing values.

"WA Notify is a setting on iPhones and an app on android phones that uses Bluetooth technology to alert persons who may have been in proximity to someone who tested

positive for COVID-19.

YRestricted to cases who tested positive after January 1, 2021, approximately 1 month after the exposure notification application “WA Notify” launched.
hRestricted to cases who reported to living with 1 or more people who had not been diagnosed with COVID-19 at the time of their interview.

to a PHSKC medical doctor, and referred 304 (<1%)
individuals to a King County 1&Q Facility.

Compliance with and perceptions of public health
guidance and outreach

During the case interview, 58% of cases reported not
leaving home since symptom onset and 85% since
date of testing (23 % of cases did not answer this ques-
tion). Among cases who completed the End of 1&Q
Survey, 81% indicated that they had stayed home dur-
ing their isolation period and nearly all believed in the
importance of isolation (Table 2). Among cases with
one or more household contact, 30% reported that at

least 1 household contact left home when they should
have remained in quarantine, 43 % reported spending
time in the same room with a household contact not
known to have COVID-19 during their isolation pe-
riod, and 72% reported that all household contacts
had recently tested for COVID-19.

Most survey participants had a positive experience
interacting with the PHSKC CI/CT team, with 91%
indicating that the outreach was helpful, 70% indi-
cating that the CI/CT team facilitated connections to
services, 77% indicating that they better understood
COVID-19 prevention strategies, and 69 % indicating
that CI/CT helped them stay at home in isolation.
Among 147 participants who provided qualitative
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Case-Households that Received Groceries
700
600
. 500
2 400
E 300
Z 200
CRR R ] I
0
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Total # of HHP that Received Groceries 187 388 393 706 639 37 623 748 829 1115 844 394
1st SERI Quartile (~Highest SES) 7% 8% 13% 12% 10% 1% 6% 15% 15% 34% 23% 20%
2nd SERI Quartile (~Moderately High SES) 6% 12% 18% 16% 12% 3% 10% 16% 21% 26% 25% 23%
B SrdsER Quartile (~Moderately Low SES) 13% 18% 24% 25% 12% 6% 13% 24% 31% 34% 34% 37%
B Ath SERI Quartile (~Lowest SES) 25% 27% 29% 32% 19% 8% 16% 35% 39% 44% 45% 44%
Case-Households Referred for Financial Assistance
1200
1000
5 800
a8
£ 600 J
S
Z 400
200 J ‘ ‘
o A d o 1
Jul Aug Sep Oct Nov Dec? Jan Feb Mar? Aprad May? Jun?
Total # of HHP Referred for Financial Assistance 174 421 328 434 581 1618 1041 582 903 1436 1016 522
1st SER| Quartile (~Highest SES) 2% 7% 8% 6% 6% 13% 10% 10% 16% 39% 19% 22%
2nd SERI Quartile (~Moderately High SES) 7% 13% 15% 8% 8% 19% 15% 12% 18% 34% 31% 30%
m 3rd SERI Quartile (~Moderately Low SES) 13% 20% 20% 17% 13% 32% 21% 18% 35% 44% 40% 47%
m 4th SERI Quartile (~Lowest SES) 22% 29% 26% 21% 19% 42% 28% 27% 44% 57% 55% 58%

FIGURE 3 Number (Bars) and Percentage of Case-Households That Received Groceries or Were Referred for Financial Assistance by Social and

Economic Risk Index of Residential (SERI) Census Tract

Abbreviations: HH, households; SERI, Social and Economic Risk Index; SES, socioeconomic status.

8The COVID-19 relief funded one-time cash stipend and bill assistance programs operated in December 2020 and March-present, respectively.

5The bars and percentages are limited to HH with one or more COVID-19 cases, whereas the total number of HH includes all households received or
were referred to service, including those in which only contacts resided. This figure is available in color online (www.JPHMPcom).

feedback, 68 % indicated appreciation for the services
and/or information provided by the CI/CT team and
9% indicated a complaint—typically regarding the
frequency of the daily texting program.

Discussion

This evaluation of the PHSKC CI/CT program high-
lights both successes and weaknesses associated with
the COVID-19 CI/CT strategy. We interviewed nearly
42 000 people with COVID-19 living in households
with more than 90 000 people in a 12-month period.
Case investigation and contact tracing was acceptable
to the population, with 82% of cases agreeing to be
interviewed, a percentage that exceeds the weighted
average reported in a study of 14 jurisdictions."”
Our adoption of a prioritization strategy that utilized
area-based demographic and socioeconomic indica-
tors allowed our team to focus outreach on parts
of the county most impacted by the pandemic with
a CI/CT intervention model that emphasized inte-
grated prevention education and service provision.
The team facilitated the provision of groceries to
more than 7000 households comprising more than

25 000 people, referred over 9000 households with
more than 30 000 people for financial assistance, and
helped more than 8000 people get COVID-19 test-
ing and/or medical care. We believe that these services
helped mitigate pandemic-related hardships. More-
over, two-thirds of End of I&Q Survey participants
indicated that outreach from PHSKC following their
COVID-19 diagnosis helped them adhere to isolation
guidance, suggesting that our model of service may
have decreased SARS-CoV-2 transmission, though we
cannot estimate the number of infections averted by
the intervention’s effect on isolation.

While we believe that many parts of our CI/CT
program were successful, the program also faced
significant challenges that diminished its impact on
COVID-19 transmission, though in some instances,
the challenges faced reflected the success of other
parts of King County’s COVID-19 response. Cases
were often unwilling to provide the names and phone
numbers of nonhousehold contacts, though most End
of 1&Q Survey participants indicated that they self-
notified at least some nonhousehold contacts without
the direct involvement of CI/CT staff. Similarly, most
cases who had reported that they recently worked
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TABLE 2

Compliance With and Attitudes Toward Public Health Guidance and Perceptions of Contact Tracing Experience Among
PHSKC-Interviewed Cases Who Completed End of 1&Q Survey in March 2021 (n = 304)

Compliance with isolation and quarantine

Left home for nonmedical reason during isolation period. 19%
Shared room with any uninfected household contact(s).? 43%
A household contact left home after known exposure.? 30%
All' household contacts tested for COVID-19.2 72%
Attitudes toward “public health guidelines to stay at home and away from others after being diagnosed with COVID-19"
| believed the guidelines were important to stopping the spread of COVID-19. 93%
The guidelines interfered with my ability to meet responsibilities at home, work, or school. 33%
| was worried that following the guidelines would mean losing income. 28%
Perceptions of contact tracing experience®
Overall, it was helpful to talk to the contact tracer. 91%
The contact tracing team helped me or my family get connected to services. 70%
After speaking with the contact tracing team, | better understood how | could protect 7%
others from getting COVID-19.
The information and referrals provided by the contact tracing team helped me stay home 69%
and away from others.
The contact tracing team repeated the same questions | had already answered for another 43%
group.
| felt annoyed or upset after speaking with the contact tracing team. 6%
| felt annoyed by daily text messages sent by contact tracing team.® 8%

Restricted to cases who reported to living with 1 or more people who had not been diagnosed with COVID-19.

bThe response options were “agree,” “disagree,” and “neutral”; “percent agree” is reported in the table.
¢ Restricted to cases who received daily text messages from case investigation and contact tracing team.

in-person said that they directly reported their diag-
nosis to a workplace representative, and most cases
indicated that they had stayed home since getting
tested. These findings suggest that efforts to educate
the public on what to do following a COVID-19 diag-
nosis had success, limiting the potential for CI/CT to
further enhance prevention behaviors. Uptake of WA
Notify exposure notification smartphone tool among
cases interviewed by PHSKC was modest, and its im-
pact is uncertain. A modeling study estimated that an
adoption of 15% of a digital exposure notification
app by King County residents could decrease total in-
fections by 4% to 6% and total deaths by 2% to 7%.**

Our ability to follow up with facility-level inves-
tigations based on information ascertained through
CI/CT was limited owing largely to the overwhelm-
ing number of potential transmission venues identified
during the case interview. Equipping a larger num-
ber of worksites, businesses, services sites, and other
venues linked to a recent COVID-19 diagnosis with
tools to minimize the risk of onward transmission
might have expanded the reach and impact of the
PHSKC CI/CT program.

A key area of uncertainty related to the effec-
tiveness of CI/CT in interrupting transmission is the

timing of the intervention relative to SARS-CoV-2 in-
fectiousness. Some studies suggest that infectiousness
peaks around the time of symptom onset, while oth-
ers suggest that infectiousness peaks up to 4 days
later.”® Variants that are highly infectious at an ear-
lier stage of infection may diminish CI/CT impact
in preventing onward transmission and necessitate
very rapid provision of CI/CT. Similar to reports
from other health departments,®!”> PHSKC case
interviews typically occurred 6 days following symp-
tom onset, with symptomatic cases seeking testing 2
to 3 days after symptom onset. Test-seeking could
potentially be expedited through increased accessi-
bility of SARS-CoV-2 tests (particularly rapid tests),
more widespread exposure notification, and promo-
tion of test-seeking and home isolation as soon as
one becomes aware of an exposure or symptom. The
multistep process that occurs between specimen col-
lection and case interview (ie, specimen transport and
testing, surveillance data reporting and processing,
and repeated call attempts to cases) was typically
completed within 3 to 4 days with limited oppor-
tunity for acceleration. Other models of CI/CT (eg,
provider-initiated CI/CT, digital CI/CT) could theo-
retically improve the timeliness of the intervention
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but carry other limitations, such as challenges with
differentiating between new positives and repeat pos-
itive results, standardization of the intervention, and
providing tailored 1&Q counseling and referrals for
support services.

There are limitations of this evaluation. First, its
generalizability is limited by its reliance on data col-
lected from persons who completed PHSKC COVID-
19 case interviews who are not representative of all
King County COVID-19 cases. Also, the acceptabil-
ity and impact of the PHSKC CI/CT program in
June 2020 to July 2021 may not be generalizable
to other jurisdictions with greater government mis-
trust or less capacity to provide CI/CT or support
services, or to later stages in the pandemic with less
support of and implementation of COVID-19 con-
trol strategies. Second, results from the End of 1&Q
Survey may be affected by nonresponse, recall, and
social desirability biases. Third, we could not directly
measure the impact of the PHSKC CI/CT program on
SARS-CoV-2 transmission. Although the End of 1&Q
Survey suggested that CI/CT facilitated compliance
with isolation, we cannot definitively attribute im-
proved 1&Q adherence to CI/CT, nor can we estimate
how much improved adherence might have prevented
transmission. In addition, we did not attempt to im-
plement backward contact tracing. However, given
cases’ limited willingness to name nonhousehold con-
tacts encountered from 2 days prior to symptom onset
to their date of interview, we are skeptical that elicita-
tion of contacts using a longer contact period would
meet substantial success. Finally, this evaluation did
not report costs, an important factor in deciding how
scarce public health resources should be allocated.”

In conclusion, the integration of COVID-19 CI/CT
with support services provided tens of thousands
of households directly impacted by COVID-19 with
prevention education and guidance, groceries, and
referrals for financial assistance and other services,
which likely improved cases’ adherence with isolation
guidelines and diminished the effects of the pan-
demic on disproportionately impacted communities.
Despite this, the epidemiologic impact of the inter-
vention is uncertain, and many and perhaps most
people received CI/CT outreach after their period
of greatest infectiousness. Whether CI/CT can be
accelerated enough to prevent the transmission of
SARS-CoV-2, particularly transmission of variants
with short transmission intervals and high transmis-
sion probabilities in the period before symptom onset,
is uncertain. The uncertainty needs to be weighed
against CI/CT’s demonstrated potential to mitigate
the hardships that COVID-19 imposes on dispropor-
tionately affected and vulnerable populations.

A Multifaceted Evaluation of a COVID-19 Contact Tracing Program

Implications for Policy & Practice

MW The evaluation of the PHSKC CI/CT program demonstrated
that the integration of COVID-19 CI/CT with support ser-
vices provided tens of thousands of households directly
impacted by COVID-19 with prevention education and guid-
ance, groceries, and referrals for financial assistance and
other services, which may have improved cases’ adherence
with isolation guidelines and diminished the effects of the
pandemic on disproportionately impacted communities.

W Despite this, the epidemiologic impact of the intervention
is uncertain, given cases’ reluctance to name nonhouse-
hold contacts and the fact that most infected persons likely
received the intervention after their period of greatest infec-
tiousness.

B The uncertainty of CI/CT’s impact on disease transmission
needs to be weighed against Cl/CT's demonstrated potential
in advancing health equity objectives, especially as public
health agencies consider programmatic priorities for manag-
ing endemic COVID-19 on a longer time harizon.
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