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The B.1.617.2 (Delta) variant of severe
acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) became
the dominant strain in the United
States by early July 2021.1 More highly
infectious than its ancestral
predecessor, the Delta variant rapidly
spread in August 2021, causing a
surge of infections and deaths in the
setting of an under-vaccinated US
population and raising particular
concern for the vaccine ineligible
pediatric population. In the setting of
mitigation measures (primarily
masking), kindergarten through 12th
grade (K–12) schools have previously
been demonstrably safe, having
limited within-school transmission,
which is the fundamental metric of
coronavirus 2019 (COVID-19)–related
school safety. However, these data
originate from ancestral variants with
lower levels of infectiousness than the
Delta variant. We examined within-
school transmission during emergence
of the Delta variant in 20 North
Carolina school districts during
summer 2021 instruction.

METHODS

The study occurred from June 14,
2021, to August 13, 2021, in K–12
districts in North Carolina that offered
in-person summer school instruction
and year-round schools. Districts
followed the North Carolina
Department of Health and Human
Services StrongSchoolsNC Toolkit.2

Briefly, distancing of at least 3 ft was
recommended, but not required, and
the state mask mandate for K–12
settings was in effect during this study
period. Although reduced distancing

was allowed, quarantine was required
for close contacts of cases, defined by
North Carolina Department of Health
and Human Services as any person
within 6 ft of a case for 15 minutes or
longer, cumulatively, within a 24-hour
period.2 Districts reported on schools
and numbers of students and staff
attending in-person summer school
instruction. Districts also reported
aggregate, deidentified data, including
weekly numbers of student and staff
infections, numbers of student and
staff quarantines due to within-school
exposure, and sources of infection
(primary [community-acquired] versus
secondary [within-school acquired])
adjudicated by local health
departments in partnership with
school staff. We obtained publicly
available data on percent of eligible
residents (12 years of age and older)
who were fully vaccinated (have
received second dose of a 2-dose
series or single dose of a single-dose
series) from each county with a
participating district, as of August 1,
2021, from the Centers for Disease
Control and Prevention (CDC).3 We
analyzed these data using descriptive
statistics and graphically displayed
primary and secondary cases per
week with an overlay of estimated
percentage of B1.167.2 variant per
CDC Health and Human Services
Region 4 data,1 which includes North
Carolina. We then calculated 2
measures to estimate the amount of
spread within-schools. First, we
calculated the community-acquired to
within-school-acquired infection ratio
by dividing the number of primary
infections by the number of secondary
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infections to estimate the number of
community-acquired infections that
result in a within-school transmission
event; second, the estimated
secondary attack was calculated by
dividing the total number of within-
school infections by the estimated
number of exposed, approximated by
those quarantined for within-school
exposure. Data collection and analysis
were performed under the ABC
Science Collaborative of North Carolina
Plan A protocol (Pro00108073),
deemed exempt by Duke University
Institutional Review Board.

RESULTS

Twenty school districts participated
and submitted data from 783 schools,
59561 students, and 11854 staff who
attended in-person instruction. All
participating districts implemented
universal masking of students and
staff during the study period,
regardless of vaccination status. No
schools had to close because of
COVID-19 cases during the study
period. Percentage of fully vaccinated
residents in the 19 counties
containing the 20 participating
districts ranged from 32% to 64.7%,
with an average of 47% (SD of 7.8%)
of eligible residents vaccinated as of
August 1, 2021. Primary infections,
secondary infections, and quarantine
occurrences in students and staff are
reported in Table 1 as total and by
district size (small: <5000 students;
medium: 5000–15000 students;
large: >15000 students). Total
primary and secondary infections by
week are in Fig 1. The community-

acquired-to-within-school-acquired
infection ratio was �12.4 (808:64).
The estimated secondary attack rate
was 2.6% (64 secondary infections
per 2431 quarantined close contacts).

DISCUSSION

This report demonstrates that even
with exponentially rising community
cases at the start of the Delta variant
surge, schools that implemented
universal masking retained low
within-school transmission. When
considering the safety of in-person
schooling, we (and others)4–8 have
shown the rates of within-school
transmission to be comparable across
school district and have advocated for
within-school transmission rates to be
the primary metric of interest. The
findings of this study are notable
because the Delta variant of SARS-
CoV-2 is more highly infectious than
ancestral strains, with an estimated
reproductive number for Delta of
�8 (range estimated to be between 5
and 9), in contrast to �2–3 for
ancestral strain.9,10 This means that in
the community, on average, 1 person
infected with the Delta variant
secondarily infects 8 other people. In
contrast, in schools implementing
universal masking, it would take 13
attendees who acquired COVID-19
outside of school to infect 1 person
inside schools.

Although extremely encouraging that
secondary transmission in schools
with universal masking remains
lower in schools than in the
community, the secondary attack rate

observed in the setting of the Delta
variant (2.6%) is slightly higher than
what we observed when ancestral and
Alpha strains were predominant in
North Carolina (�1%),7,8,11 likely
reflecting the more infectious nature of
Delta. Consequently, these data,
coupled with previous reports of
widespread school-based infection
from a single unmasked index case in
places like California,12 also reinforce
the importance of vaccine uptake
among those eligible, strict adherence
to masking, and avoidance of pandemic
fatigue. Although our study does not
allow a comparison from the masked
to unmasked setting, recent studies
from schools without an early mask
mandate during July through August
2021 had 3.5 times the odds of school-
associated COVID-19 outbreaks
compared with those with mask
requirements at the start of
instruction.13 These data and our
experience over the last year highlight
the need for and creation of alternative
protocols during times of vulnerability,
such as lunch, extracurricular activities,
and recess, when adherence to
masking is more difficult.

Notably, these data were collected at
a time of decreased overall school
density. Most districts reported that
�10% to 35% of the total students
in-person during the spring of 2021
attended summer instruction.
However, total number of schools
open for instruction was also
substantially reduced; therefore,
although school building density was
often lower than during the
traditional school year, the density

TABLE 1 Primary Infections, Secondary Infections, and Quarantine Occurrences in Students and Staff

Total
Districts, n

Total
Children, n

Total
Staff, n

COVID-19 Transmission Quarantine

Student
Primary, n

Student
Secondary, n

Staff
Primary, n

Staff
Secondary, n Student Staff

Total districts 20 59 561 11 854 619 60 189 4 2032 399
District size

Small 6 4071 484 26 1 9 0 84 7
Medium 7 9915 1599 47 14 21 1 248 31
Large 7 45 575 9771 546 45 159 3 1700 361

2 BOUTZOUKAS et al



within the school buildings was
typically >50% of usual capacity seen
in full-time instruction prepandemic.
Furthermore, districts often had an
increased adult-to-child ratio during
summer school for academic purposes,
but the number of people within each
classroom (and classroom density)
was consistent with a typical school
year. These factors lead to several
important ways that transmission was
likely to be reduced in the summer
compared with the fall: (1) recess was
less crowded; (2) extracurricular
activities that have had substantial
amounts of associated spread in
earlier work were nearly nonexistent;
(3) adherence to masking was likely
increased because of increased adult-
to-child ratio, allowing for close
monitoring; and (4) lunch was usually
eaten outdoors (because of weather)
and with greater distancing indoors
while unmasked (because of reduced
school building density). These 4
factors (Recess, Extracurricular
activities, Adherence, and Lunch; or
“REAL”) are critical to consider

because in the higher density fall
instruction, they become less feasible.
We anticipate that we will see greater
transmission of the Delta variant in
the upcoming school year compared
with last school year and compared
with summer school, even in districts
with universal masking. Areas of
future research this fall will include
assessing the impact of vaccination
with the details of mask policies and
mask adherence.

Limitations to our study include that
data were voluntarily reported,
which may introduce selection bias
toward districts that are more
transparent and adherent to
mitigation measures, and that we
relied on CDC estimates of Delta
variant prevalence rather than
genetic sequencing of our cohort.
Additionally, vaccination status was
not being routinely tracked by
school districts at the time of the
study; consequently, the proportion
of summer school students and
vaccinated students is not known.

We found that elementary schools
had the highest total number of
infections, followed by high schools,
then middle schools, but these data
are difficult to interpret since
numbers of students were reported
on a district level, as opposed to a
school level; as a result, comparing
transmission between various
school levels is not possible. Finally,
consistent with previous real-world
data reports, we did not test every
exposed person. Despite these
limitations, the risk of within-school
transmission of SARS-CoV-2 in the
classroom environment remains
small in the wake of Delta, provided
that universal masking is practiced
with high fidelity.
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ABBREVIATIONS

CDC: Centers for Disease Control
and Prevention

COVID-19: coronavirus 2019
K–12: kindergarten through 12th

grade
SARS-CoV-2: severe acute

respiratory
syndrome
coronavirus 2

FIGURE 1
COVID-19 Infections among summer school staff and students. COVID-19 infections among
>70 000 North Carolina summer school staff and students, displayed according to weekly
cases acquired in school versus cases acquired outside of school, with an overlay of
weekly proportion of SARS-CoV-2 isolates in the region consistent with the B.167.2 (Delta)
variant. a Percentage of Delta variant in Department of Health and Human Services region
4, which includes Alabama, Florida, Georgia, Mississippi, North Carolina, South Carolina,
and Tennessee.
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