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abstractOBJECTIVE: In April 2021, the US government made substantial investments in students’ safe
return to school by providing resources for school-based coronavirus disease 2019 (COVID-19)
mitigation strategies, including COVID-19 diagnostic testing. However, testing uptake and access
among vulnerable children and children with medical complexities remained unclear.

METHODS: The Rapid Acceleration of Diagnostics Underserved Populations program was established
by the National Institutes of Health to implement and evaluate COVID-19 testing programs in
underserved populations. Researchers partnered with schools to implement COVID-19 testing
programs. The authors of this study evaluated COVID-19 testing program implementation and
enrollment and sought to determine key implementation strategies. A modified Nominal Group
Technique was used to survey program leads to identify and rank testing strategies to provide
a consensus of high-priority strategies for infectious disease testing in schools for vulnerable
children and children with medical complexities.

RESULTS: Among the 11 programs responding to the survey, 4 (36%) included prekindergarten
and early care education, 8 (73%) worked with socioeconomically disadvantaged populations,
and 4 focused on children with developmental disabilities. A total of 81 916 COVID-19
tests were performed. “Adapting testing strategies to meet the needs, preferences, and
changing guidelines,” “holding regular meetings with school leadership and staff,” and
“assessing and responding to community needs” were identified as key implementation
strategies by program leads.

CONCLUSIONS: School-academic partnerships helped provide COVID-19 testing in vulnerable
children and children with medical complexities using approaches that met the needs of these
populations. Additional work is needed to develop best practices for in-school infectious
disease testing in all children.
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The Centers for Disease Control and Prevention recommended
the provision of coronavirus disease 2019 (COVID-19) testing
in prekindergarten-12 (Pre-K-12) schools during the 2021 to
2022 school year to minimize COVID-19 outbreaks in schools
and provide readily accessible testing for students and staff.1

In April 2021, the US government made billions of dollars
available to support Pre-K-12 mitigation strategies in schools,
including COVID-19 screening testing.2 State health agencies
provided resources to support testing in Pre-K-12 schools.3,4

Coinciding with this influx of support, the National Institutes of
Health launched the Safe Return to School Diagnostic Testing
Initiative (RTS) as part of the Rapid Acceleration of Diagnostics
Underserved Populations (RADx-UP) program to increase ac-
cess to COVID-19 testing specifically for underserved and vul-
nerable populations.5

Under the RADx-UP RTS initiative, researchers from aca-
demic institutions collaborated with school districts on the
design, implementation, and/or analysis of COVID-19 testing
programs in schools and communities that may not have
readily available access to testing.6,7 On-site infectious dis-
ease testing was a new endeavor for most school districts.
Pre-K-12 schools that introduced testing early in the pan-
demic identified considerations for the planning, design, set-
up, and evaluation of testing programs, and resources
needed for testing implementation.8 However, real-world
data were unavailable on the implementation of testing pro-
grams across various school settings and diverse student
populations. Herein, we evaluated program implementation,
enrollment rates, and tests performed by the RADx-UP RTS
Pre-K-12 testing programs during the 2021 to 2022 school
year. We also identified key implementation strategies for
infectious disease testing in the Pre-K-12 school setting on
the basis of consensus assessment by the program leads.

METHODS: COVID-19 TESTING PROGRAMS

RADx-UP Safe Return to School Diagnostic Testing
Initiative Projects

In the RADx-UP RTS initiative, a total of 16 projects were
awarded by July 2021. An additional RADx-UP project that
was funded before the RTS initiative in July 2020 also fo-
cused on COVID-19 testing in underserved/vulnerable pedi-
atric populations and was included in this study (Washington
University School of Medicine in St. Louis/Special School Dis-
trict of St. Louis County). All projects involved academic re-
searchers who partnered with local school communities
serving underserved populations. Disadvantaged school set-
tings were defined by the RADx-UP program as school or
early education programs that have >50% of students eligi-
ble for free or reduced-price meals and schools, Head Start
programs, and school districts or networks that serve a large
proportion of individuals from racial and ethnic minority
groups.9 Timing of initiation, target populations, and testing
strategies varied by program.

Data Collection on COVID-19 Testing

All 17 funded RADx-UP projects were surveyed on the
COVID-19 testing programs. Project leaders and principal in-
vestigators were contacted to participate in a survey in May
2022; contributing programs are listed in Table 1. Surveys
were administered through REDCap electronic data capture
tools hosted at Children’s Mercy Kansas City.10,11 The survey
included descriptive information about participating school/
school districts, student demographics, student populations
eligible to participate in the testing programs, and actual stu-
dent enrollment in testing. Participant-level race and ethnic-
ity were self-reported, and district-level race and ethnicity
data were obtained from publicly available sources. Survey re-
spondents also reported on logistical features, including testing
location, type of COVID-19 testing platform, estimated turn-
around time from test to communication of results, the num-
ber of COVID-19 tests performed, and overall test positivity.
All RADx-UP projects obtained individual institutional review
board approval per their respective institutions for testing pro-
gram implementation.

Statistical Analysis

This study provides descriptive statistics on school type,
county size, type of participant (eg, student, staff, family
member), participant population (eg, children with devel-
opmental disabilities, underserved populations, etc), testing
program (eg, screening testing, Test to Stay, etc), tests ad-
ministered (eg, pooled or individual nucleic acid amplifi-
cation tests or antigen), collection method, collection
locations, number of tests performed, test result turn-
around time, and percent positivity of administered tests
from July 1, 2021 to May 1, 2022. We examined student
demographic characteristics between testing program par-
ticipants and all students eligible to participate in testing
programs using a t test of mean differences. A range plot of
enrollment and eligibility was created to further describe
the number of eligible students and the number of students
enrolled by site. Data from programs that involved multiple
school districts were aggregated to the program level. Anal-
ysis was performed in SAS 9.4, and figures were created by
using the R statistical package.

Identifying Key Program Implementation Strategies

We used a modified Nominal Group Technique (NGT) with
the purposive sample of 30 project leads, principal investiga-
tors, and other academic research team members across the
RADx-UP RTS projects that implemented COVID-19 testing
for $3 months. Fifteen projects had been testing for at least
3 months at the time of survey deployment. These individu-
als represent a broad range of child health experts, including
pediatricians, epidemiologists, behavioral scientists, program
implementers, and infectious diseases specialists. The modi-
fied NGT is a structured process for arriving at a consensus
that encourages participation from all group members. Our
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NGT process involved 6 steps: (1) assemble the team,
(2) generate and record ideas, (3) code the ideas gener-
ated, (4) clarify and refine the set of ideas, (5) prioritize
ideas, and (6) construct a consensus set of ideas that can
be recommended on the basis of expert opinion and ex-
perience (Fig 1).

A 2-step survey approach was used in July 2022 to identify
key strategies for school-based COVID-19 testing. First, the au-
thorship team fielded an initial Qualtrics electronic survey to
23 potential participants. These participants ranged from pro-
ject principal investigators to persons appointed by the project
principal investigators who were deemed knowledgeable
about implementation strategies employed by schools. Partici-
pants could complete the survey on their own or based on
group feedback for a specific project. The survey included a
brief description of the goal (eg, to create a taxonomy of strat-
egies schools can use to implement infectious disease testing
programs) with definitions and examples of potential imple-
mentation strategies. Consistent with implementation science
literature,12 we defined implementation strategies as “the ac-
tions taken to enhance adoption, implementation, and sustain-
ability of infectious disease testing programs.” Participants
were asked to list up to 10 strategies per domain of the Con-
solidated Framework for Implementation Research (CFIR).13

The CFIR was used to elicit strategies that target determinants
of COVID-19 testing implementation barriers under 5 different
empirically supported domains of implementation (Outer Set-
ting, Inner Setting, Intervention Characteristics, Characteristics
of Individuals, and Process).

A single coder (author EH) collapsed strategies identified
from the first survey that were similar in meaning and ap-
plied a cover term for each strategy described. The set of
coded strategies was then reviewed during a virtual confer-
ence call meeting with the survey respondents to further
collapse and distinguish strategies and ensure agreement
on a finalized list. The agreed-on list was compiled into a
second Qualtrics electronic survey that was sent to the
same 23 potential participants. The second survey asked
participants to identify and rank their top 5 most important

strategies for the successful implementation of infectious
disease testing programs in schools.

From these results, the study authors compiled a con-
sensus list of 10 strategies. Final rankings were based on
whether $10% of participants ranked the strategy as
their top choice, and weighted prioritization was based
on the cumulative percentage of participants who placed
the strategy among their top 5 choices. The final set of
10 strategies was then produced, representing a consen-
sus from participants on the most important strategies
needed to implement COVID-19 testing programs in
schools.

RESULTS

COVID-19 Testing Programs

In this study, 11 funded programs submitted programmatic
details (Table 1). Participating educational programs were
located across the United States and in county sizes ranging
from micropolitan to large metropolitan counties. Overall,
4 (36%) programs included Pre-K and early care education,
8 (73%) programs engaged socioeconomically disadvan-
taged populations, and 4 (36%) programs focused on chil-
dren with developmental disabilities.

Across programs, 81916 COVID-19 tests were performed.
Most programs provided COVID-19 screening testing (ie, testing
those without symptoms and no known exposure), whereas
Test to Stay/exposure testing (ie, testing those who have been
exposed to someonewith COVID-19 but remain asymptomatic),
and symptomatic testing were offered at fewer sites. For the
COVID-19 testing platform, 7 programs used individual poly-
merase chain reaction (PCR)/nucleic acid amplification test
(NAAT), and 4 used antigen testing. Turnaround time from test-
ing to result was typically 25 to 48 hours for PCR/NAAT and
<1 hour for antigen testing. Anterior nares swabs were the pri-
mary sample collection method. All programs performed test-
ing at school, and 5 programs offered testing at home and/or in
a nonschool community setting.

Student participation in the COVID-19 testing programs
ranged from 3.1% to 38.7% of the eligible population. In
general, programs with smaller eligible populations enrolled
a higher percentage of students (Table 2 & Fig 2).

Key Program Implementation Strategies

For the implementation strategies survey, 11 of the 15 pro-
grams (73%) that had been testing for $3 months partici-
pated in a component of the survey. A total of 11 participants
(47.8% of full sample) completed the initial survey, which re-
sulted in 255 strategies listed across the 5 CFIR domains. Af-
ter initial coding, these 255 strategies were reduced to a total
of 64 strategies. During a virtual meeting, 9 participants re-
fined these strategies to a final list of 45 strategies. At the
meeting, participants agreed that the list of strategies could
not be specific to each CFIR domain as some strategies

FIGURE 1
Modified NGT process.
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spanned multiple domains. As a result, further prioritization
and consensus activities did not include strategies separated
by specific CFIR domain.

For the final survey, a total of 19 participants responded
(82.6%). Overall, 19 of the 45 strategies were not prioritized
by any respondent as one of their top 5most important strate-
gies. All participants considered “Adapting testing strategies to
meet the needs, preferences, and changing guidelines” as the
most important implementation strategy. Participants shared
the following examples of this strategy: (1) “instead of setting
[testing] up in a room and bringing the person being tested
to the room, go to the room where the person is located,”
(2) “modify the testing strategy to align with the preferred
testing strategy,” and (3) “design intentional opportunities to
adapt and change course.” The second most important

strategy was “Holding regular meetings with school leadership
and staff.” Participants described this strategy as follows:
(1) “regularly scheduled meetings with district testing
champions, supervisors, and support staff as well as our
local team and members of [the local health facility]
to discuss problems and problem-solving,” (2) “regular
meetings with school officials,” and (3) “continuously
communicating with health center and school staff/ad-
ministration.” The third most important strategy was
“Assessing and responding to community needs.” All
other prioritized strategies are included in Table 3.

DISCUSSION

The US federal government invested substantial COVID-19
testing resources in Pre-K-12 schools to directly support a

FIGURE 2
Difference between the number of students participating in a COVID-19 testing program compared with the number of students eligible for
the program.
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safe return to schools 1 year into the pandemic. Implement-
ing infectious disease testing in schools during the 2021 to
2022 school year involved the rapid deployment of severe
acute respiratory syndrome coronavirus 2 testing by school
administrators and nurses, state and federal agencies, and
testing companies. Despite this influx of support, testing
program uptake and access in Pre-K-12 schools remain
poorly understood. The RADx-UP RTS programs provide
new information about testing uptake in pediatric popula-
tions and highlight key recommended strategies for testing
program implementation in school populations.

With support from the National Institutes of Health, a vari-
ety of testing programs were developed to meet the needs of
underserved and vulnerable children. We learned that a one-
size-fits-all approach does not apply to all children, schools,
and school systems when considering testing approaches
and that testing enrollment can vary greatly across districts.
A consensus was met by the RADx-UP RTS project leads and
principal investigators, identifying key considerations for the
implementation of diagnostic testing programs focused on
underserved and/or vulnerable children.

RADx-UP RTS programs sought to implement testing
strategies on the basis of community needs and implementa-
tion capabilities. Although individual states and the Centers
for Disease Control and Prevention have provided broad
programmatic guidance for COVID-19 school testing pro-
grams, little information is available on testing methods for
vulnerable children or children with medical complexities.
Challenges to testing included obtaining consent when most
schools were not allowing caregivers inside school buildings
because of the pandemic, communicating with non-English-,
non-Spanish-speaking families, and developing safe and ef-
fective processes for testing young children and those with
developmental disabilities outside of the medical setting.

Models to determine the efficacy of COVID-19 testing pro-
grams should be based on the realities of program enroll-
ment and participation. Minimizing COVID-19 infections and

transmission in schools is multifaceted and complex, with
vaccination rates, community COVID-19 rates, mitigation
strategies, and activities all contributing to transmission
risk.14–16 Recent studies reveal that in-school testing pro-
grams can help reduce in-school transmission when the par-
ticipation rates of students and staff are high (�90% to
100%).8,17,18 However, inferences from existing studies of
school testing programs across the United States are limited
because they provide the number of tests performed but
lack testing participation or enrollment data.19–21 We ob-
served variable enrollment across RADx-UP RTS testing pro-
grams. Participant enrollment mirrored eligible participant
demographics, suggesting that programs were able to effec-
tively provide COVID-19 testing to diverse populations.

Little guidance is available for best practices related to in-
school COVID-19 testing programs. Pilot testing programs in
K-12 schools provided early insights, recommendations, and
implications to guide testing programs.8 Adapting testing
strategies and modifying guidelines were identified as the
most important implementation strategy among RADx-UP
project leaders. This likely reflects both the focus of the
RADx-UP RTS program to bring testing to vulnerable pediat-
ric populations and highlights the need to be flexible and
adapt to ongoing updates and modifications of COVID-19
school protocols. Engaging communities and meeting with
school leadership were also identified as key integration fac-
tors. These implementation strategies should be considered
by vendors and program developers when constructing ini-
tiatives for school communities.

The limitations of this study include the self-reported im-
plementation details, the variation in testing program de-
sign and context, and the potential lack of generalizability
to schools across the country. However, the RADx-UP RTS
programs represent a wide variety of pediatric populations
in geographically distinct locations. We did not look specifi-
cally at the impact of COVID-19 testing on safe return to
school as this was beyond the scope of this study and is

TABLE 3 Final List of Implementation Strategies Ranked in Order of Importance

Strategy Percentage Top Choice
Cumulative Percentage of

Participants Who Ranked in Top 5 Final Importance Ranking

Adapt testing strategies to needs and preferences;
change guidelines

32% 84% 1

Meet regularly with school leadership and staff 16% 37% 2

Assess and respond to community needs 11% 32% 3

Establish/maintain Community Advisory Board 11% 21% 4

Integrate into existing infrastructure when possible 0% 53% 5

Identify, empower, and train champions 5% 47% 6

Develop materials tailored to community you serve
(eg, communication, consent forms)

0% 37% 7

Report and disseminate data regularly 5% 32% 8

Meet with local stakeholders 5% 16% 9

Raise awareness through outreach and strategic
communications

0% 21% 10
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being explored in additional work.22,23 Additionally, the key
implementation strategies were identified by the project
leads and principal investigators only, and input from
schools and families was not evaluated in this study.

CONCLUSIONS

In conclusion, collaborations between academic centers
and schools helped to provide COVID-19 testing for vulner-
able children and children with medical complexities. Test-
ing can be conducted by using different approaches that
meet the unique needs of the population. Additional work
is needed to develop best practices for the implementation
of infectious disease testing for all children at school.
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