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Abstract

Objective

To determine whether modified K–12 student quarantine policies that allow some students

to continue in-person education during their quarantine period increase schoolwide SARS-

CoV-2 transmission risk following the increase in cases in winter 2020–2021.

Methods

We conducted a prospective cohort study of COVID-19 cases and close contacts among

students and staff (n = 65,621) in 103 Missouri public schools. Participants were offered

free, saliva-based RT-PCR testing. The projected number of school-based transmission

events among untested close contacts was extrapolated from the percentage of events

detected among tested asymptomatic close contacts and summed with the number of

detected events for a projected total. An adjusted Cox regression model compared hazard

rates of school-based SARS-CoV-2 infections between schools with a modified versus stan-

dard quarantine policy.
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Results

From January–March 2021, a projected 23 (1%) school-based transmission events

occurred among 1,636 school close contacts. There was no difference in the adjusted haz-

ard rates of school-based SARS-CoV-2 infections between schools with a modified versus

standard quarantine policy (hazard ratio = 1.00; 95% confidence interval: 0.97–1.03).

Discussion

School-based SARS-CoV-2 transmission was rare in 103 K–12 schools implementing multi-

ple COVID-19 prevention strategies. Modified student quarantine policies were not associ-

ated with increased school incidence of COVID-19. Modifications to student quarantine

policies may be a useful strategy for K–12 schools to safely reduce disruptions to in-person

education during times of increased COVID-19 community incidence.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic substantially impacted the operation of

kindergarten through grade 12 (K–12) schools in the United States, with many schools switch-

ing from in-person instruction to part- or full-time virtual learning during the 2020–2021

school year [1]. Virtual instruction can be an effective learning model for some students, but

unequal access to computers, internet services, and childcare services may put some children

at an educational disadvantage [2]. Disruptions to in-person instruction may also affect stu-

dents beyond educational attainment, as K–12 schools often provide critical services (e.g.,

nutritional, physical, and mental health support) to students and their families [3]. Therefore,

schools nationwide have sought strategies to safely operate and maintain in-person learning

during the COVID-19 pandemic.

The U.S. Food and Drug Administration (FDA) has authorized the Comirnaty/ Pfizer-

BioNTech COVID-19 Vaccine for use in children ages 5 years and older through an Emer-

gency Use authorization (ages 5–15 years) and a full authorization for ages 16 and above [4].

As of March 14, 2022, 34% of the population 5–11 years and 70% of the population 12–17

years had received at least one dose of a COVID-19 vaccine [5]. Vaccine hesitancy and inequi-

table access to vaccine mean not all communities have high coverage of COVID-19 vaccina-

tion [6, 7]. Thus, layered prevention strategies continue to be essential to prevent school-based

SARS-CoV-2 transmission for K–12 school students when there are increased COVID-19

Community Levels [8]: implementing a universal masking policy, ensuring physical distancing

in classrooms, increasing classroom ventilation with outdoor air, screening testing, having a

robust case identification and contact tracing system, and following local isolation and quaran-

tine guidance [9]. Under a standard quarantine policy, students typically must forfeit all in-

person activities including in-person instruction for 7–14 days after their last exposure [10]. In

Greene County, a 10-day standard quarantine was implemented during the 2020–2021 school

year with the option to complete quarantine on day 7 with a negative PCR test collected

between 5–7 days post-exposure or a negative antigen test on day 7 post-exposure. St. Louis

County implemented a 14-day standard quarantine without the option for completing quaran-

tine early during the same school year.

However, some schools have implemented modifications to standard quarantine guidance

to minimize disruptions to in-person learning for students if the exposure is deemed low risk.
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In Greene County, Missouri, K–12 schools implemented a modified quarantine policy permit-

ting student close contacts of a person having COVID-19 to attend school in person during

their quarantine period if: they were aged�18 years, their only exposure was in a classroom,

they did not have direct physical contact for�15 minutes in one 24-hour period with the per-

son having COVID-19, and both the student close contact and the person having COVID-19

had worn masks appropriately during the exposure event [11]. In a two-week investigation in

Greene County in December 2020, an estimated 240 days of in-person instruction were saved

for 30 students participating in the modified quarantine [12]. Additionally, none of the stu-

dents participating in the modified quarantine were identified as having a SARS-CoV-2 infec-

tion during the 14 days following exposure through testing or symptom monitoring [12].

Layered COVID-19 prevention strategies in K–12 schools can limit school-based SARS--

CoV-2 transmission despite concurrent high community incidence [9, 12–15], unless there are

lapses in implementation or adherence [16, 17]. However, the effect of individual prevention

strategies on school-based transmission has not been thoroughly assessed in previous reports.

Furthermore, less is known about the impact that modifications to quarantine policies have on

school-based transmission risk and schoolwide COVID-19 incidence.

To better understand the effects of COVID-19 prevention strategies and modifications to

quarantine policies on school-based SARS-CoV-2 transmission, we conducted a two-month

investigation in Missouri public schools. The objectives were to 1) measure the frequency of

school-based SARS-CoV-2 transmission; 2) quantify the relative risks of school-based trans-

mission among schoolwide COVID-19 mitigation policies (e.g., quarantine, masking, ventila-

tion, classroom distancing); and 3) compare the schoolwide incidence between schools

implementing a modified quarantine and schools following standard quarantine.

Methods

During January 25–March 21, 2021, we worked with school officials in 103 schools across six

Missouri public school districts in Greene County (57 schools; districts A–C) and St. Louis

County (46 schools; districts D–F), with an estimated 65,621 students and staff (S1 Table).

During the investigation, districts A–C schools had implemented a modified quarantine policy

while districts D–F schools followed standard quarantine [11, 18, 19]. The project was

reviewed and approved by the Washington University in St. Louis Institutional Review Board

and conducted consistent with applicable federal law and U.S. Centers for Disease Control and

Prevention (CDC) policy (45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C.

Sect. 552a; 44 U.S.C. Sect. 3501 et seq.). The project was deemed by the IRB to be a non-

research public health surveillance activity [45 CFR 46.102(l)(2)]. Therefore, the need for

informed consent was waived. However, participants provided oral agreement to participate,

and parents/guardians provided oral agreement for their children aged<18 years.

Participants

School officials were notified of students and staff members who received a positive SARS--

CoV-2 nucleic acid amplification test (NAAT) or antigen test by parents/guardians, local

health departments, or school-based testing, typically�2 days after the laboratory result. For

persons having COVID-19 who had been physically present in school, at a school-associated

event (e.g., school athletics, extracurricular activities), or on a school bus while potentially

infectious (starting two days before symptom onset or collection of their first positive test spec-

imen), school officials conducted contact tracing to identify their school-based close contacts.

A close contact was defined as someone who was�6 feet away from a person with COVID-19

for�15 minutes in one 24-hour period. In districts A–C, school officials determined if student
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close contacts (hereafter, contacts) met criteria for a modified quarantine. Student close con-

tacts of a person having COVID-19 were eligible for modified quarantine if: they were aged

�18 years, their only exposure was in a classroom, they did not have direct physical contact

for�15 minutes in one 24-hour period with the person having COVID-19, and both the stu-

dent close contact and the person having COVID-19 had worn masks appropriately during

the exposure event. School officials followed everyone through completion of their isolation or

quarantine period, including whether contacts received a positive NAAT or antigen test.

Case notification

After the school case notification and contact tracing is completed, we asked eligible individu-

als to participate in an enhanced investigation consisting of a telephone interview and free

saliva-based testing. Persons with COVID-19 were eligible for the enhanced investigation if

they had been physically present in school, at a school-associated event, or on a school bus

while potentially infectious within 14 days of recruitment by the investigation team; contacts

were eligible if their most recent school-based exposure was within 14 days of recruitment.

Contacts were ineligible if they lived with the person with COVID-19 from the school-based

exposure. Participants provided oral agreement to participate, and parents/guardians provided

oral agreement for children aged<18 years.

Interview

For the enhanced investigation, a trained interviewer conducted a standardized telephone

interview addressing clinical symptoms; school, community, and household exposures; and

demographics. For children aged 12–17 years, a parent/guardian and/or the child was inter-

viewed; for children aged<12 years, only a parent/guardian was interviewed. Upon comple-

tion of their quarantine period, participating contacts were reinterviewed about symptoms,

additional exposures and activities, and SARS-CoV-2 testing.

Laboratory testing

Saliva specimens were collected from persons with COVID-19 soon after recruitment and

from contacts 5–14 days after their last school-based exposure. Contacts were offered testing

regardless of presence of symptoms. Specimens were tested for SARS-CoV-2 by real-time

reverse transcription polymerase chain reaction (RT-PCR) as previously described [12]. Full

genome sequences were generated from RT-PCR–positive saliva specimens at CDC [20].

Case determination

For each school-based contact who received a positive test result from the enhanced investiga-

tion or elsewhere reported to school officials, we conducted a case determination process to

assess the likelihood of the infection being from school-based transmission. Infections were

classified as probable, possible, or unlikely school-based transmission using epidemiologic and

sequencing data from case-contact pairs. The following criteria were used to make the classifi-

cations for school-based transmission:

1. Unlikely: the close contact lived in the same household as another person with COVID-19

�14 days before symptom onset or date of collection of their first positive specimen; their

exposure, symptom, or testing timeline was not consistent with the known epidemiology of

COVID-19; or the sequence generated from their specimen had >5 single nucleotide poly-

morphisms (SNPs) compared to the sequence generated from their school-based index

case’s specimen.
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2. Possible: the close contact had non-household community exposure to a person with

COVID-19�14 days before symptom onset or date of collection of their first positive speci-

men and was

3. Probable: the close contact had non-household community exposure to a person with

COVID-19�14 days before symptom onset or date of collection of their first positive speci-

men and their only identified close contact was with the school-based person with COVID-

19. OR the sequence generated from the close contact’s specimen had�5 SNPs compared

to the sequence generated from their school-based index case’s specimen.

Classifications were made by at least two members of the investigation team. Discordant

classifications were resolved by group discussion with at least one additional team member. In

the absence of these data, classification defaulted to probable as this was the most conservative

approach in evaluating the effectiveness of COVID-19 mitigation strategies.

Analysis

Data on school- and district-level student enrollment, staffing, demographics, and COVID-19

prevention measures were collected from school officials using a standardized survey. All con-

tact tracing data from school officials were collected in Microsoft Excel and entered into a

REDCap database (hosted by Washington University in St. Louis; version 9.5.5) along with

data from the enhanced investigation. Data were cleaned and analyzed using R (R Core Team;

version 3.6.1) and SAS (SAS Institute; version 9.4).

Descriptive analyses were conducted and two-sided tests for statistical significance were mea-

sured using Fisher’s exact test where appropriate (including comparing the frequency of transmis-

sion events among students in modified quarantine versus standard quarantine). Relative risks of

school-based SARS-CoV-2 infections by schoolwide COVID-19 policies were computed using

log-binomial regression and accounted for school-level cluster-correlated observations using gen-

eralized estimating equations with an independent correlation matrix. Adjusted models included

a variable indicating whether the contact was a student or a staff member.

Since not all close contacts received SARS-CoV-2 testing, the percentage of asymptomatic

contacts we tested who received a positive test result was extrapolated to contacts who were

never tested (contacts who did not receive testing were presumed to be asymptomatic) to cre-

ate a projected total number of contacts who were infected with SARS-CoV-2: the detected

number of positive test results among those who received testing + the extrapolated number of

positive test results among those who did not receive testing. Schoolwide COVID-19 crude

incidence rates and Cox proportional hazard rates (using observed and projected total case

numbers) were compared between schools with a modified versus standard quarantine policy.

The approximate number of students and staff at each school whose attendance was 100% vir-

tual or had COVID-19�90 days before the start of the study were subtracted from the denom-

inator. Those presumed to have been infected outside of school were censored at the day of

their positive test specimen collection. Hazard ratios were adjusted for potential school-level

confounding factors: quartiles of the percentage of students eligible to receive free or reduced-

price lunch (as a proxy for school resources) and the school’s total number of persons with

COVID-19 that attended school or a school-related event during the study period.

Results

School characteristics

Of 103 participating schools, COVID-19 prevention strategy survey data were available for 100

(97%). S1A–S1D Fig describes the mitigation strategies being utilized in the schools. Virtual
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instruction was offered by 92% of schools, universal masking policies (face masks required for

all students, teachers, staff, and visitors on school grounds) were implemented in 97% of

schools, 94% of schools reported efforts to increase ventilation in classrooms, and desks were

spaced at least three feet apart in all classrooms in 84% of schools.

School-based secondary transmission

From January 25 to March 21, 2021, a total of 1,864 students, teachers, and staff were identified

by school officials through case identification and contact tracing, including 228 eligible per-

sons with COVID-19 and 1,636 contacts (Table 1). Among contacts, 16 (1%) had two school-

based exposures within the same 14-day window and 12 (1%) had a second school-based expo-

sure after completion of their first quarantine period. Eligible cases and contacts were identi-

fied at 68 (66%) schools. The median number of contacts identified per school index person

with COVID-19 was 6 (interquartile range, 2–11).

Of 1,636 contacts, 496 (30%) were tested for SARS-CoV-2, and 14 (3% of tested; 1% overall)

received a positive test result. Among tested contacts, we tested 372 (75%) and 124 (25%) were

tested elsewhere. Case determinations for the 14 contacts with a positive test result classified

11 as resulting from probable school-based transmission, one as possible, and two as unlikely.

For subsequent analyses, probable and possible were combined for a total of 12 school-based

transmission events. Six contacts who received a positive test result had paired whole genome

sequencing data with their school-based index case, which confirmed epidemiologic linkages

for four (67%; all identical or nearly identical sequences) and ruled out epidemiologic linkages

for two (33%; classified as unlikely). One pair’s sequences, both assigned to the B.1.2 lineage,

differed by 15 single nucleotide polymorphisms (SNPs). The other pair’s sequences, assigned

to lineages B.1.2 and B.1.1.416, differed by 35 SNPs. The 12 school-based transmission events

were generated by 11 school index cases (5%) in 10 different schools; a cluster in one school

involved a transmission chain with one primary, one secondary, and two tertiary cases

(Table 2).

Of 307 contacts we tested who reported no symptoms during the 14 days after their school-

based exposure, 3 (1%) were positive. Therefore, among 1,140 contacts with no reported test

results (and presumed to be asymptomatic), a projected 11 additional asymptomatic infections

may have occurred for a projected total of 23 (1%) school-based transmission events.

Relative risk of school-based SARS-COV-2 infection by schoolwide

COVID-19 policy

Unadjusted and adjusted relative risks of school-based SARS-CoV-2 infection among school

contacts by schoolwide COVID-19 policy were statistically underpowered, primarily due to

the low number of observed school-based infections and the homogeneity of prevention strate-

gies implemented by schools (S2 Table).

Modified versus standard quarantine policies

In schools with a modified quarantine policy, 336 (49%) of 681 contacts were eligible for modi-

fied quarantine. Among 345 contacts who school officials deemed ineligible for modified quar-

antine, 29 were not eligible because they were not students. The primary reasons cited for

ineligibility among 316 students include exposure during lunch (n = 143; 45%), unmasked

exposure (n = 103; 33%), exposure during athletic activities (n = 64; 20%), and prolonged

direct contact (n = 34; 11%); multiple reasons were cited for some students (Fig 1).

A total of 66 (20%) students in a modified quarantine had available test results; three stu-

dents with positive tests (5% of tested; 1% of all students in modified quarantine) were
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Table 1. Characteristics of school-based persons with index cases of COVID-19 and close contacts from 103 K–12 schools, Greene and St. Louis Counties, Missouri,

January 25–March 21, 2021.

Persons with index case of COVID-19 Close contacts Total

(N = 228) (N = 1,636) (N = 1,864)

Median (Range)

Age of students, years� 13 (5–18) 13 (4–18) 13 (4–18)

Age of teachers/staff, years† 38 (22–58) 42 (21–64) 40 (21–64)

N (%)

School location

Greene County 90 (39) 671 (41) 761 (41)

District A 60 (26) 485 (30) 545 (29)

District B 14 (6) 92 (6) 106 (6)

District C 16 (7) 94 (6) 110 (6)

St. Louis County 138 (61) 965 (59) 1,103 (59)

District D 100 (44) 719 (44) 819 (44)

District E 31 (14) 183 (11) 214 (11)

District F 7 (3) 63 (4) 70 (4)

School role‡

Student 163 (71) 1,553 (95) 1,716 (92)

Elementary grade (grades K–5) 49 (21) 492 (30) 541 (29)

Middle school grade (grades 6–8) 41 (18) 387 (24) 428 (23)

High school grade (grades 9–12) 73 (32) 632 (39) 705 (38)

Staff 47 (21) 83 (5) 130 (7)

Teacher 20 (9) 40 (2) 60 (3)

Non-teaching staff 27 (12) 43 (3) 70 (4)

Gender

Female 80 (35) 360 (22) 440 (24)

Male 48 (21) 345 (21) 393 (21)

Transgender, non-binary, or other gender 0 (–) 5 (<1) 5 (<1)

Unknown 100 (44) 926 (57) 1,026 (55)

Race

American Indian or Alaska Native 0 (–) 1 (<1) 1 (<1)

Asian 0 (–) 32 (2) 32 (2)

Black or African American 3 (1) 97 (6) 100 (5)

Native Hawaiian or Other Pacific Islander 0 (–) 4 (<1) 4 (<1)

White 117 (51) 515 (31) 632 (34)

Multiracial 8 (4) 35 (2) 43 (2)

Prefer not to say or unknown 100 (44) 952 (58) 1,052 (56)

Ethnicity

Hispanic/Latino 5 (2) 54 (3) 59 (3)

Non-Hispanic/Latino 123 (54) 648 (40) 771 (41)

Prefer not to say or unknown 100 (44) 934 (57) 1,034 (55)

Preexisting medical conditions§

Yes 34 (15) 145 (9) 179 (10)

No 87 (38) 528 (32) 615 (33)

(Continued)
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determined to have been infected through school-based transmission. All three students dis-

continued modified quarantine upon receiving a positive test result to begin isolation. None

infected another person in the school environment; therefore, there was no observed onward

transmission from students in modified quarantine. Applying the same extrapolation

approach previously described, a projected additional three cases (1% of 270) would be

expected among the 270 student close contacts in modified quarantine without test results for

a total of six (2%) transmission events among students in modified quarantine. A projected

additional eight cases (1% of 835) would be expected among the 835 student close contacts in

standard quarantine without test results for a total of 14 (1%) transmission events among stu-

dents in standard quarantine.

The difference in frequency of transmission events between student contacts in modified

versus standard quarantine was not different when comparing observed cases (P = 0.41) or

projected cases (P = 0.50); thus, students selected for modified quarantine were no more likely

to test positive or develop disease and pose a risk for onward school-based transmission than

students in standard quarantine.

Using observed cases, the average crude incidence rate of school-based SARS-CoV-2 infec-

tions was 1.94 per 100,000 per week in schools that implemented a modified quarantine policy

and 4.00 per 100,000 per week in schools following standard quarantine (P = 0.24). The

adjusted hazard rates of school-based SARS-CoV-2 infections were not different between

schools that implemented a modified quarantine policy and schools that did not when using

observed cases or total projected cases (for both, hazard ratio, HR = 1.00; 95% confidence

interval, CI: 0.97–1.03). The adjusted probability of school-based SARS-CoV-2 infections

based on total projected cases reached a maximum of 0.83% (95% CI: 0.75–0.91%) by the end

of the study (Fig 2).

Discussion

From January 25 to March 21, 2021, school-based SARS-CoV-2 transmission was rare across

103 Missouri public schools, with a projected total of 23 transmission events. All schools

implemented multiple COVID-19 prevention strategies, such as universal masking policies,

spacing desks three feet apart, increasing ventilation in classrooms, and contact tracing with

implementation of quarantine and isolation policies. These measures have been shown to limit

school-based SARS-CoV-2 transmission in some specific settings [9, 12–15], but this report

demonstrates this in urban, suburban, and rural public school districts; in elementary, middle,

and high school grades; in schools that have implemented a modified quarantine and those

that have not; during periods of moderate- to high- COVID-19 Community levels [8, 21, 22];

and for a combined estimated school population of>65,000 students, teachers, and staff. Since

Table 1. (Continued)

Persons with index case of COVID-19 Close contacts Total

(N = 228) (N = 1,636) (N = 1,864)

Unknown 107 (47) 963 (59) 1,070 (57)

Abbreviations: COVID-19 = coronavirus disease 2019; K–12 = kindergarten through grade 12.

� Among students, age was unknown for 64 (39%) cases and 897 (58%) contacts.

† Among teachers and staff, age was unknown for 18 (38%) cases and 36 (43%) contacts.

‡ For 18 cases, school role is unknown. For 42 student contacts enrolled in K–8 intermediate schools, grade is unknown.

§ Preexisting medical conditions included, but were not limited to, type 1 or type 2 diabetes, hypertension, cardiovascular disease, chronic renal disease, chronic lung

disease, immunosuppressive conditions, autoimmune conditions, and premature birth.

https://doi.org/10.1371/journal.pone.0266292.t001
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Table 2. Characteristics of school-based persons with index cases of COVID-19 and close contacts who received a positive SARS-CoV-2 test result from K–12

schools, Greene and St. Louis Counties, Missouri, January 25–March 21, 2021.

Transmission

event

School

district

School type� Person with index case of

COVID-19

Close contact with positive SARS-CoV-2 test

N/A† A Elementary

school

• Staff • Student

• Symptomatic 4d before

exposure event‡
• Standard quarantine

• Classroom exposure (testing session)

• 34 contacts • Unlikely school-based transmission + sequencing§

1 A Middle school • Student • Student

• Symptomatic 24h after exposure

event

• Modified quarantine

• Classroom exposure

• 20 contacts • Probable school-based transmission

2 A Intermediate

school

• Student • Student

• Symptomatic 7d before

exposure event

• Modified quarantine

• Classroom exposure

• 20 contacts • Probable school-based transmission

3 B Middle school • Student • Student

• Symptomatic 6d before

exposure event

• Modified quarantine

• Classroom exposure

• 6 contacts • Probable school-based transmission

N/A C Elementary

school

• Student • Student

• Symptomatic day of exposure

event

• Modified quarantine

• Classroom exposure

• 15 contacts • Unlikely school-based transmission + sequencing

4 C High school • Staff • Staff

• Symptomatic 24h after exposure

event

• Standard quarantine

School kitchen exposure

• 2 contacts • Probable school-based transmission + sequencing

5 D Elementary

school

• Staff • Staff

• Unknown symptom status • Standard quarantine

• Exposure circumstances unknown

• 2 contacts • Probable school-based transmission

6 D Middle school • Student • Student

• Unknown symptom status • Standard quarantine

• Exposure circumstances unknown

• 6 contacts • Probable school-based transmission

7 D High school • Student • Student

• Symptomatic 48h after exposure

event

• Standard quarantine

• Classroom exposure + community exposure

• 4 contacts • Possible school-based transmission

8 D High school • Unknown role • Student

• Unknown symptom status • Standard quarantine

• Exposure circumstances unknown

• Unknown # contacts • Probable school-based transmission

9 D High school • Student • Student

• Symptomatic day of exposure

event

• Standard quarantine

• Exposure circumstances unknown

• 11 contacts • Probable school-based transmission

(Continued)
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this investigation, there have been two waves of increased incidence of COVID-19 in the U.S.

driven by the Delta and Omicron variants [23, 24]. During future times of increased COVID-

19 Community Levels [8], implementation of layered COVID-19 prevention strategies in

schools will continue to play a pivotal role in preventing school-based SARS-CoV-2

transmission.

Modifications to student quarantine policies to allow students to continue in-person learn-

ing following a low-risk exposure to a person with COVID-19 at school did not result in

onward SARS-CoV-2 transmission by generation of tertiary cases. These policies also did not

result in increased schoolwide incidence relative to schools that did not implement a modified

quarantine policy, even after adjusting for potential confounding factors. Student close con-

tacts deemed eligible for modified quarantine were no more likely to receive a positive test

result than their peers in standard quarantine and regained a combined estimated 2,664 days

of in-person schooling (assuming each of the 333 students in modified quarantine who did not

test positive would have missed eight school days if they had not been eligible for modified

quarantine), enough school days for one student to attend kindergarten through their high

school graduation. Other school districts with multiple prevention strategies in place have

eliminated quarantine when masks are reliably used among persons with COVID-19 and their

contacts without observing untoward effects [13]. Beyond the educational benefits of restoring

Table 2. (Continued)

Transmission

event

School

district

School type� Person with index case of

COVID-19

Close contact with positive SARS-CoV-2 test

10‡ F Elementary

school

• Staff • Teacher

• Symptomatic day of exposure

event

• Standard quarantine

• Unclear exposure location (the staff member’s office is located next to

the teacher’s classroom)

• 2 contacts • Probable school-based transmission + sequencing

11–12k F Elementary

school

• Teacher • Student

• Standard quarantine

• Classroom exposure

• Symptomatic day of exposure

event¶
• Probable school-based transmission + sequencing

• 28 contacts • Student

• Standard quarantine

• Classroom exposure

• Probable school-based transmission + sequencing

Abbreviations: COVID-19 = coronavirus disease 2019; d = days; h = hours; K–12 = kindergarten through grade 12.

� School types are elementary school (grades K–5), middle school (grades 6–8), intermediate school (grades K–8), and high school (grades 9–12).

† The close contact received a positive SARS-CoV-2 test result, but school-based transmission was determined to be unlikely.

‡ Symptom onset dates may reflect a person’s retrospective recognition of earlier minor symptoms prior to development of more noticeable symptoms that prompted

testing and/or their diagnosis of COVID-19. Therefore, some people may have continued to attend school without considering themselves as having symptoms of

COVID-19 until after their diagnosis.

§ Epidemiologic data supported by sequencing results (identical or nearly identical sequences with�5 single nucleotide polymorphisms (SNPs) between the specimens

from the close contact and school-based person with index case of COVID-19 supported probable school-based transmission; sequences with >5 SNPs supported

unlikely school-based transmission).

k Transmission events 10, 11, and 12 are hypothesized to be part of a single transmission chain at the same school, with a primary case generating a secondary case

(event 10), and the secondary case generating two tertiary cases (events 11 and 12).

¶ The teacher became symptomatic before learning of their exposure to the staff member having COVID-19 in transmission event 10.

https://doi.org/10.1371/journal.pone.0266292.t002
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in-person learning, consideration of modified quarantine policies should factor in the psycho-

social impacts on students and families.

There are several limitations to this report. First, school contact tracing may have not iden-

tified all persons exposed to someone with COVID-19 in a school setting. Second, we did not

test all identified contacts for SARS-CoV-2 following exposure, and therefore the observed

number and incidence of school-based SARS-CoV-2 infections is possibly an underestimation.

Not all participants or parents/guardians of participants agreed to testing and some partici-

pants chose to be tested using other resources within the community. However, positive test

results outside of the enhanced investigation were reported to school officials and we projected

the number of asymptomatic infections among those without test results to minimize underes-

timation. Third, due to low variability in school-level prevention strategies and the low num-

ber of identified school-based transmission events, analyses of the effect of specific prevention

strategies on SARS-CoV-2 transmission were underpowered. Fourth, sequencing data and

interview data were not available for all identified school index case-positive contact pairs, and

in these instances, all persons who received a positive test result during the 14-day window

were presumed to have been infected in school. For the six contacts with a positive test result

who had paired sequencing data, it was determined that two (33%) were not infected from

their school-based index case; it is possible that if sequencing data were available, school-based

transmission may have been ruled out for some of the other contacts with a positive test result.

Public health implications

In this two-month investigation of SARS-CoV-2 transmission in 103 schools implementing

layered COVID-19 prevention strategies and modifications to quarantine policies, school-

based SARS-CoV-2 transmission was rare and schools that implemented a modified

Fig 1. Primary reasons close contacts of persons with COVID-19 (n = 345) were deemed ineligible for modified quarantine by K–12 school officials,

Greene County, Missouri, January 25–March 21, 2021. Abbreviations: COVID-19 = coronavirus disease 2019; K–12 = kindergarten through grade 12. The

number inside a rectangle corresponds to the number of close contacts who were deemed ineligible for a modified quarantine based on the category below the

rectangle. Rectangles that overlap two reasons indicate both reasons were cited in the decision to deem the individual ineligible for a modified quarantine.
�Under Greene County’s modified quarantine policy, only students aged�18 years were eligible for a modified quarantine. † Prolonged direct contact was

defined as direct physical contact with the person having COVID-19 for�15 minutes. ‡ Includes 7 contacts who were also ineligible due to extracurricular

activities and 2 contacts who were also ineligible due to contact outside of school.

https://doi.org/10.1371/journal.pone.0266292.g001
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quarantine policy did not have greater incidence of school-based SARS-CoV-2 infections.

Given these findings and the benefits of restoring in-person learning for students, schools

implementing multiple COVID-19 prevention strategies might consider adopting a similar

policy during times of increased community incidence. This should be done in conjunction

with reinforcement of public health messaging to promote quarantine adherence outside of

school. K–12 schools implementing universal face mask policies, promoting physical distanc-

ing, and increasing ventilation in classrooms continue to experience low rates of school-based

SARS-CoV-2 transmission. As vaccination become available for the majority of the school-

aged population since the completion of this investigation, additional consideration and adap-

tation to modified quarantine policies could be considered. Modifications to student quaran-

tine policies may reduce disruptions to in-person education while maintaining a safe

environment for the students and staff.

Supporting information

S1 Table. Characteristics of 103 public K–12 schools participating in SARS-CoV-2 trans-

mission investigation, Greene and St. Louis Counties, Missouri, January 25–March 21,

2021. Abbreviations: K–12 = kindergarten through grade 12; NR = not reported. Note: Data

are from surveys completed by school and district officials unless otherwise noted. � Data

Fig 2. Adjusted probability of school-based SARS-CoV-2 infections based on total projected cases (n = 23) in schools with and without a modified

quarantine policy, Greene and St. Louis Counties, Missouri, January 25–March 21, 2021. Top-right inset shows zoomed-in view of adjusted probability

curves over the study period. The adjusted� probability curve of school-based SARS-CoV-2 infection in schools with a standard quarantine policy is shown by

the teal line; in schools with a modified quarantine policy, it is shown by the dotted black line. The adjusted probability curves and 95% confidence intervals

were the same for schools with and without a modified quarantine policy. � The Cox regression model was adjusted for potential school-level confounding

factors: quartiles of the percentage of students eligible to receive free or reduced-price lunch (as a proxy for school resources) and the school’s total number of

cases that attended school or a school-related event during the study period.

https://doi.org/10.1371/journal.pone.0266292.g002

PLOS ONE Restoration of in-person education through modified quarantine without increasing SARS-CoV-2 transmission risk

PLOS ONE | https://doi.org/10.1371/journal.pone.0266292 October 20, 2022 12 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0266292.s001
https://doi.org/10.1371/journal.pone.0266292.g002
https://doi.org/10.1371/journal.pone.0266292


from: https://dese.mo.gov/school-data. † Includes participating schools only. ‡ Race and eth-

nicity categories at the school level differed from those collected from individuals as part of the

investigation.

(DOCX)

S2 Table. Unadjusted and adjusted relative risks of school-based SARS-CoV-2 infection

among school close contacts by schoolwide COVID-19 policy in K–12 schools, Greene and

St. Louis Counties, Missouri, January 25–March 21, 2021. Abbreviations: COVID-19 = coro-

navirus disease 2019; K–12 = kindergarten through grade 12; RR = relative risk;

CI = confidence interval. Note: All regression models accounted for cluster-correlated obser-

vations at the school level using generalized estimating equations (GEE) with an independent

correlation matrix. � Regression models were adjusted for school role (student versus staff). †

Surveyed ventilation strategies included opening doors when possible, opening windows when

possible, using fans to circulate air, and updating heating, ventilation, and air conditioning

(HVAC) systems specifically to prevent COVID-19.

(DOCX)

S1 Fig. (A-D) Schoolwide COVID-19 policies reported in 100 K–12 schools, Greene and

St. Louis Counties, Missouri, January 25–March 21, 2021. Abbreviations: COVID-19 = corona-

virus disease 2019; HVAC = heating, ventilation, and air conditioning; K–12 = kindergarten

through grade 12. � School buildings also include the areas listed in the subsequent two catego-

ries: hallways, stairways, gymnasiums, cafeterias, and other special use rooms.
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