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abstractOBJECTIVES: The Centers for Disease Control and Prevention identifies in-school COVID-19 testing as
a key mitigation strategy to protect students and staff during the COVID-19 pandemic. Both nasal
and saliva samples are acceptable, but existing school guidance does not state a preferred test
method.

METHODS: From May 2021 through July 2021, we performed a randomized, crossover study in
kindergarten through 12th grade (K-12) schools to evaluate student and staff preference for self-
collected nasal or saliva testing. Participants performed both collection types and participated in a
standardized questionnaire assessing the preferred method.

RESULTS: A total of 135 students and staff participated. Staff, middle school, and high school
students preferred the nasal swab (80/96, 83%), whereas elementary students were mixed
(20/39, 51% preferred saliva). Reasons reported for preferring the nasal swab included being
faster and easier. Reasons reported for preferring saliva included being easier and more fun.
Despite their preference, 126 (93%) and 109 (81%) participants would take the nasal swab
or saliva test again, respectively.

CONCLUSIONS: The anterior nasal test was the preferred testing method by students and staff,
although preference varied by age group. Willingness to perform both tests again in the future
was high. Identifying the preferred testing modality is important to increase acceptance and
participation in COVID-19 in-school testing programs.
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The Centers for Disease Control and Prevention (CDC) in-
cludes testing for SARS-CoV-2 as an important mitigation
strategy to keep students and staff safe during the COVID-19
pandemic. Consequently, the CDC recommended in-school
COVID-19 testing during the 2021 to 2022 school year,1 but
national guidance regarding the best specimen collection
method in the school setting is not available. COVID-19 test-
ing can be performed on samples obtained via various col-
lection methods, including deep nasal specimens, superficial
nasal specimens, or saliva, but not all these collection meth-
ods may be practical in the school setting. Schools need to
consider resources, efficiency, and testing acceptance when
determining the ideal testing strategy.

School-based testing programs, particularly screening
programs, may require large numbers of students and
staff to be tested in a short period to be effective and
minimize learning disruptions. Therefore, self-collection
methods may be more efficient than health care provider–
administered testing. In higher educational settings, stu-
dents and staff reported high confidence (98%) and ac-
ceptability (91%) of self-testing for COVID-19,2 but few
data are available on the feasibility of COVID-19 testing in
younger children. Participation in school-based testing
programs is key to their efficacy as a mitigation strategy.
If only small numbers of students and staff participate in
testing, then the program is unlikely to identify positive
cases. In a qualitative study assessing the attitudes of pa-
rents and students toward school-based COVID-19 testing,
physical discomfort from deep nasal swabs was identified
as a leading barrier to acceptance of frequent testing. Stu-
dents reported a preference for less invasive testing and a
willingness to participate in regular testing as long as the
testing was not painful.3

Despite the multiple specimen types and factors asso-
ciated with each strategy, a preferred testing strategy
has not been identified.1,4,5 Anterior nasal and saliva
specimens are sensitive, specific, can be self-collected,
and are minimally invasive.4,6,7 We sought to determine
the preferred COVID-19 sample collection method and
reason for preference among kindergarten through 12th
grade (K-12) students and staff.

METHODS

Participants

Students, students’ parents/legal guardians, and staff
from 3 public schools (1 elementary, 1 middle, and 1
high school) in Kansas City, Missouri, were approached
for participation in the School Testing, Learning, and
Consultation Study. Eligible students and staff members
were required to attend or work at 1 of the 3 participat-
ing schools during the study period. The study was per-
formed during summer school, May–July 2021, to inform
COVID-19 testing decisions for the subsequent academic

year, starting in August 2021. Participants and families
were approached through standard school communica-
tions (eg, text, e-mail), school events (eg, virtual forums),
and school encounters (eg, student dropoff and pickup).
Consent was available electronically in English and Span-
ish via a web link or QR code. English and Spanish paper
copies were also available. Before study procedures, con-
sent was obtained from staff, students $18 years, or pa-
rents/legal guardians of students <18 years. Child verbal
assent was obtained at the time of study procedure. All
participants were deemed capable of performing self-
testing. ICF International Inc.’s institutional review board
approved this study.

Instrumentation

Testing Preference Survey

After collection of nasal and saliva specimens, study staff
documented whether the participant was able to perform
self-collection without assistance. In cases in which assis-
tance was needed, the type of assistance provided was
recorded (eg, assistance with opening packaging, collect-
ing the specimen, opening/closing the sampled collection
container). Participants were asked which type of COVID-19
test they preferred. The testing preference survey was
administered in English or Spanish, based on participant’s
request. Participants were asked to provide primary and
secondary reasons for their preferred testing method,
and study staff categorized both of these responses un-
der predefined categories. Participants were similarly
queried about the reasons why the other (unselected)
testing method was less preferred, and study staff again
categorized their responses. Last, participants were
asked if they would take their preferred testing method
again, as well as their less preferred testing, if it was
offered.

Study Data

At the time of consent, participant demographics, including
age, race, ethnicity, language spoken at home, and gender
identity were collected using the pediatric Rapid Accelera-
tion of Diagnostics Underserved Populations common data
elements.8 During the testing preference survey, provided
reasons for preferred and less preferred testing methods
were categorized into predetermined categories. Study data
were collected and managed using REDCap electronic data
capture tools, which were hosted at Children’s Mercy Kansas
City (Kansas City, Missouri).9,10

Procedure

COVID-19 Nasal and Saliva Testing Procedure

Using a crossover design, participants were randomized
to perform a self-administered anterior nasal swab or sa-
liva collection followed by the alternate sample collection
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method in the school setting while supervised by study
staff. Nasal swabs were self-collected with a sterile dry
polyester swab (Copan Diagnostics) and placed in viral
transport media (BD Universal Viral Transport Medium,
BD Diagnostics, California). Saliva collection and SARS-
CoV-2 polymerase chain reaction testing have been previ-
ously described.11 Only nasal specimens were tested.

Data Analysis

A descriptive analysis was performed. Categorical varia-
bles were classified as percent and total number. Contin-
uous variables were classified as using median and
interquartile range. The distribution of responses was
evaluated by participant type (student versus staff). Be-
cause of the sample size, students were grouped into
middle/high school or elementary school for analysis
based on developmental skills needed to perform testing
(eg, opening a conical tube).

RESULTS

From May 13, 2021, to July 22, 2021, a total of 152 partici-
pants were enrolled; 135 subjects participated, including
68 staff and 67 students, all of whom were asymptomatic
(Tables 1 and 2). Incompletion of the study by participants
was due to participants being unavailable at scheduled test-
ing times. All K-12 grades, other than eighth grade, were
represented (Table 3). Thirty-nine (58%) students were in
elementary school (Table 2). Among participating students,
23 (34%) identified as white, 22 (33%) as Black, and 33
(49%) as Hispanic/Latino. Some students identified as
more than 1 category. Primary spoken languages at home
included English (n 5 45, 67%) and Spanish (n 5 17,
25%) with French, Somali, Marshallese, and Kinyarwanda
also reported. Forty-three (64%) students identified as
male. Among participating staff, 43 (63%) identified as
white, 14 (20%) as Black, and 10 (15%) as Hispanic/
Latino. Fifty (74%) staff identified as female.

All staff members and 26 (93%) middle and high stu-
dents performed both tests without assistance. Two high
school students needed assistance with the saliva test and
with snapping the swab and closing the lid of the nasal test.
Among elementary students, 13 (33%) required assistance
with the nasal swab, and a specimen was unable to be
obtained in 1 child. Assistance varied from needing help
with any part of specimen collection (n 5 8) to only need-
ing help with breaking the swab in the collection vial and
closing the lid (n 5 5). Seven (18%) required assistance
with saliva testing, including 5 requiring help with speci-
men collection and 2 requiring help with closing the speci-
men lid. Three children were unable to provide a saliva
specimen. Notably, all the children who were unable to
provide a saliva specimen were able to successfully pro-
vide a nasal specimen (1 with help, 2 without assistance).
Five elementary students, ranging from kindergarten to
fourth grade, required assistance with both nasal and
saliva tests.

Overall, 99 (73%) participants preferred the nasal
swab to saliva method, including 62 (91%) staff and 37
(55%) students (Table 1). The primary reason that staff
indicated a preference for the nasal swab was that it was
faster (n 5 32, 52%), followed by it was easier (n 5 22,
35%) (Fig 1A). Fewer than half (n 5 19, 49%) of elemen-
tary students preferred the nasal swab compared with
18 (64%) middle and high school students. Students’ pri-
mary reason for preferring the nasal swab was that it
was easier (middle and high school students 5 9, 50%;
elementary students 5 10, 53%) (Fig 1A). Among staff
who preferred the nasal swab, the primary reason given
for not preferring the saliva test was that it took longer
(n 5 30, 48%) (Fig 1B). Middle and high school students re-
ported the saliva test as being “gross” (n 5 6, 33%), whereas
elementary students reported it was harder (n 5 12, 63%)
(Fig 1B).

Thirty-six (27%) participants preferred the saliva test.
Of the 6 staff that preferred the saliva test, 3 (50%)
listed the primary reason as it being easier. Middle and

TABLE 1 Characteristics of Staff Participants

All Staff Participants, n (%) Prefer Nasal Swab, n (%) Prefer Saliva, n (%)

n 5 68 n 5 62 n 5 6

Gender

Female 50 (74) 48 (77) 2 (33)

Male 16 (24) 12 (19) 4 (67)

Prefer not to answer/other 2 (3) 2 (3) 0 (0)

Race/ethnicitya

White 43 (63) 41 (66) 2 (33)

Black/African American 14 (21) 12 (19) 2 (33)

Hispanic/Latino 10 (23) 8 (13) 2 (33)

Other 7 (10) 5 (8) 2 (33)
a Numbers total greater than 100% because participants could identify with more than 1 race/ethnicity.
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high school (n 5 10) and elementary (n 5 20) students
had various reasons for preferring the saliva test, includ-
ing that it was more fun, felt better, was easier, and less
scary (Fig 2A). Staff who preferred the saliva method
reported preferring the nasal swab less because it was
uncomfortable (n 5 4, 67%). Middle and high school stu-
dents reported that the nasal swab was uncomfortable
(n 5 3), hurt (n 5 2), and felt weird (n 5 2), whereas
elementary students reported that it was uncomfortable
(n 5 8) and hurt (n 5 6) (Fig 2B).

Despite the preference for 1 sample collection method,
126 (93%) and 109 (81%) of participants reported they

would take the nasal swab or saliva test again, respec-
tively. Of the 9 participants not wanting to take the nasal
swab again, 1 was a staff member, 2 were middle or high
school students, and 6 were elementary students. The 25
participants who reported not wanting to take the saliva
test again included 8 staff, 9 middle or high school stu-
dents, and 9 elementary students. Three people reported
that they would not take either test again and 1 reported
not knowing whether they would take the saliva test
again. No subjects had a positive SARS-CoV-2 test.

DISCUSSION

In this pilot study of 135 K-12 students and school staff,
self-collected anterior nasal specimens were preferred to
saliva specimens. Expert guidance has not identified a
preferred sample collection method for school-based tes-
ting,4 and factors influencing sample type in the school
setting may differ from the medical setting. School ad-
ministrators may prioritize using a preferred sample
type to increase participation in school testing programs,
which strengthens their impact as a mitigation strategy.
The ability to self-collect the specimen may decrease the
number of personnel needed to implement the testing
program. Last, efficient specimen collection can minimize
learning disruptions.

Although secondary students and staff were mostly
able to self-collect both specimens, one-third of elemen-
tary students needed assistance, regardless of the type.
This underscores the need for support personnel to

TABLE 2 Characteristics of Student Participants

All Student Participants, n (%) Prefer Nasal Swab, n (%) Prefer Saliva, n (%)

n 5 67 n 5 37 n 5 30

Middle or high school 28 (42) 18 (64) 10 (36)

Gender

Female 8 (30) 7 (39) 1 (10)

Male 19 (68) 11 (61) 8 (80)

Prefer not to answer 1 (1) 0 (0) 1 (10)

Race/ethnicitya

White 4 (6) 1 (3) 3 (10)

Black/African American 19 (28) 15 (41) 4 (13)

Hispanic/Latino 6 (9) 2 (5) 4 (13)

Other 4 (14) 2 (5) 2 (5)

Elementary school 39 (58) 19 (49) 20 (51)

Gender

Female 15 (38) 6 (32) 9 (45)

Male 24 (62) 13 (68) 11 (55)

Race/ethnicitya

White 19 (49) 12 (63) 7 (35)

Black/African American 3 (8) 2 (11) 1 (5)

Hispanic/Latino 27 (69) 10 (53) 17 (85)

Other 4 (10) 2 (11) 2 (10)
a Numbers total greater than 100% since participants could identify with more than one race/ethnicity.

TABLE 3 Grade Range of Student Participants

Grade Completed Number Participating

Kindergarten 6

1st 7

2nd 5

3rd 6

4th 7

5th 6

6th 1

7th 3

8th 0

9th 5

10th 4

11th 4

12th 12

Not reported 1
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oversee test administration, particularly for younger stu-
dents. Time needed for self-collection was not measured
as part of this study; however, the most common reason
that staff preferred the nasal test was that it was faster.
If testing is performed during class time, then the speed
of testing is important to minimize learning and teaching
disruptions.

Preferences varied by participant age, with more staff
preferring nasal swabs and elementary students prefer-
ring saliva testing. Implementing 2 test collection meth-
ods may not be practical; therefore, considerations based
on the school population (eg, elementary versus high
school) or target for testing (eg, students versus staff)
may be important when determining the collection
method for COVID-19 testing. Despite a preference for 1

sample type, >80% of staff and students reported they
would take the alternate test in future situations. These
findings highlight the acceptance of either nasal swab or
saliva testing in the school setting and identify an overall
preference for nasal swabs among school participants.
Identifying the preferred COVID-19 testing method for
students and staff is important to maximize participation
in school-based testing programs, which are a key mitiga-
tion strategy in preventing the spread of COVID-19.

Our study had some limitations. First, our examination
was only conducted in 3 schools and therefore may not
be generalizable to all schools nationally. Second, schools
included in our analysis represent an urban, diverse pop-
ulation, which may not be representative of all schools
nationally. Third, testing was primarily performed during
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FIGURE 1
Nasal swab preference results. (A) Reasons participants provided for preferring the nasal swab test and (B) reasons provided for the sa-
liva test being less preferred.
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Saliva test preference results. (A) Reasons participants provided for preferring the saliva test and (B) reasons provided for the nasal swab
test being less preferred.
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summer school, which may have different constraints
than the academic school year. Fourth, we only tested 1
type of nasal swab and saliva collection method; other
types of nasal and saliva collection methods may be
more or less preferred. Finally, we did not collect the
time needed to perform each test, but 1 of the more com-
mon reasons reported for nasal swab preference was
that it was faster.

CONCLUSIONS

Overall, students and staff were able to perform both
self-collected anterior nasal swabs and saliva specimens
for COVID-19 testing in the school setting. Various age
groups may prefer different collection methods. The pre-
ferred modality of COVID-19 testing may differ among
age groups, but acceptance of either method was high.
Developing systems for widespread COVID-19 testing in
schools will be translatable for other infectious diseases
or future pandemics that may disrupt in-person learning.
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