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As of December 14, 2020, children and adolescents aged
<18 years have accounted for 10.2% of coronavirus disease
2019 (COVID-19) cases reported in the United States.*
Mitigation strategies to prevent infection with SARS-CoV-2,
the virus that causes COVID-19, among persons of all ages,
are important for pandemic control. Characterization of
risk factors for SARS-CoV-2 infection among children and
adolescents can inform efforts by parents, school and program administrators, and public health officials to reduce
SARS-CoV-2 transmission. To assess school, community, and
close contact exposures associated with pediatric COVID-19,
a case-control study was conducted to compare exposures
reported by parents or guardians of children and adolescents
aged <18 years with SARS-CoV-2 infection confirmed by
reverse transcription–polymerase chain reaction (RT-PCR)
testing (case-patients) with exposures reported among those
who received negative SARS-CoV-2 RT-PCR test results
(control participants). Among 397 children and adolescents
investigated, in-person school or child care attendance ≤14 days
before the SARS-CoV-2 test was reported for 62% of casepatients and 68% of control participants and was not associated
with a positive SARS-CoV-2 test result (adjusted odds ratio
[aOR] = 0.8, 95% confidence interval [CI] = 0.5–1.3). Among
236 children aged ≥2 years who attended child care or school
during the 2 weeks before SARS-CoV-2 testing, parents of 64%
of case-patients and 76% of control participants reported that
their child and all staff members wore masks inside the facility (aOR = 0.4, 95% CI = 0.2–0.8). In the 2 weeks preceding
SARS-CoV-2 testing, case-patients were more likely to have
had close contact with a person with known COVID-19
* https://covid.cdc.gov/covid-data-tracker/#demographics . Aged
<18 years = 1,207,363 (10.2%) of 11,886,368 cases with age group available.

(aOR = 3.2, 95% CI = 2.0–5.0), have attended gatherings†
with persons outside their household, including social functions (aOR = 2.4, 95% CI = 1.1–5.5) or activities with other
children (aOR = 3.3, 95% CI = 1.3–8.4), or have had visitors
in the home (aOR = 1.9, 95% CI = 1.2–2.9) than were control
participants. Close contacts with persons with COVID-19 and
gatherings contribute to SARS-CoV-2 infections in children
and adolescents. Consistent use of masks, social distancing,
isolation of infected persons, and quarantine of those who
are exposed to the virus continue to be important to prevent
COVID-19 spread.
This investigation included children and adolescents aged
<18 years who received testing for presence of SARS-CoV-2
in nasopharyngeal swab specimens by RT-PCR at outpatient
testing health care centers (including drive-up testing locations)
or emergency departments associated with the University of
Mississippi Medical Center (UMMC) during September 1–
November 5, 2020 (1). A COVID-19 case was confirmed by
a positive SARS-CoV-2 RT-PCR test result. After excluding
inconclusive RT-PCR results, lists of children and adolescents
with an electronic medical record of a SARS-CoV-2 test within
the study period were randomly ordered by laboratory result.
Children with negative SARS-CoV-2 RT-PCR test results were
frequency matched to the number of case-patients enrolled by
age group (0–3, 4–8, 9–14 and 15–17 years), sex, and test date
interval (September 1–24, September 22–October 18, and
October 14–November 5, 2020),§ with a target sample size of
† Respondents were asked “Did your family/household attend any social gatherings

with other persons who do not live in your home (like weddings, funerals, parties,
celebrations, etc.)?” and “Did your child attend any gatherings (10 or more
children) outside of the home or school (like birthday parties, playdates, etc.)?”
§ Overlapping dates resulted from the approach used to create the three lists;
duplicates were removed.
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150 case-patients and twice the number of control participants as
case-patients per stratum. In all, 896 potentially eligible children
(290 with positive test results and 606 with negative test results
for SARS-CoV-2) were identified and telephoned an average of
32 days after SARS-CoV-2 testing. In all, 494 parents or guardians could not be contacted or refused, and five were excluded
because the child had been hospitalized with COVID-19,
leaving 397 participants, including 154 case-patients (positive
SARS-CoV-2 test results) and 243 control participants (negative
SARS-CoV-2 test results). Trained interviewers administered
structured interviews in English or Spanish (three interviews)
by telephone and entered data into REDCap software (2).
This project was deemed nonresearch public health practice
by the CDC and the University of Mississippi Medical Center
Institutional Review Boards and conducted consistent with
applicable federal law and CDC policy.¶
Data collected included participant demographic characteristics, symptoms, close contact (within 6 feet for ≥15 minutes)
with a person with known COVID-19, school or child care
attendance, and family or community exposures ≤14 days before
the SARS-CoV-2 test. For participants who attended in-person
school or child care, parents or guardians were asked about
the frequency of mask use among students and staff members
inside the facility. Parents were also asked about frequency
of mask use and social distancing by child and among other
persons present for each community exposure. Descriptive and
statistical analyses were performed to compare case-patients
with control participants, assessing differences in demographic
characteristics, school, community exposures, and close contact.
Logistic regression models accounting for child sex, age group,
and race/ethnicity were used to estimate aORs and 95% CIs,
comparing odds of exposures among case-patients and control
participants. In each model, SARS-CoV-2 test result (i.e., positive or negative) was the outcome variable, and each exposure
response was the predictor variable. Statistical analyses were
conducted using SAS software (version 9.4; SAS Institute).
Among the 397 participants, 82 (21%) were aged <4 years, 214
(54%) were female, 217 (55%) were non-Hispanic Black, and 145
(37%) were non-Hispanic White (Table). Participants were tested
in outpatient health facilities (78%) or emergency departments
(22%); 53% were tested because they were experiencing symptoms; case-patients were more likely than were control participants
to be tested because of close contact with a COVID-19 case (66%
versus 41%) (p<0.01). Overall, case-patients were more likely to
have had close contact with a person with known COVID-19
than control participants (aOR = 3.2, 95% CI = 2.0–5.0); 64%
of close contacts of case-patients and 48% of those of control
participants were family members (p = 0.02), whereas school
¶ Activity was determined to meet the requirements of public health surveillance

as defined in 45 CFR 46.102(l)(2).
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or child care classmates were reported as close contacts for 15%
and 27%, respectively (p = 0.04). In-person school or child care
attendance ≤14 days before the SARS-CoV-2 test was reported
for 62% of case-patients and 68% of control participants and was
not associated with a positive SARS-CoV-2 test result (aOR = 0.8,
95% CI = 0.5–1.3). Among 236 children aged ≥2 years who
attended child care or school during the 2 weeks before the
SARS-CoV-2 test, parents of 64% of case-patients and 76% of
control participants reported that their child and all staff members
wore masks inside the facility (aOR = 0.4, 95% CI = 0.2–0.8).
Compared with control participants, case-patients were more
likely to have attended gatherings with persons outside their household, including social functions (aOR = 2.4, 95% CI = 1.1–5.5),
activities with children (aOR = 3.3, 95% CI = 1.3–8.4), or to have
had visitors at home (aOR = 1.9, 95% CI = 1.2–2.9) during the
14 days before the SARS-CoV-2 test (Figure); 27% of all parents
whose children attended social gatherings reported mask use by all
persons present and 46% reported adherence to social distancing,
whereas 16% and 39%, respectively reported mask use and social
distancing when having visitors in the home.
Discussion

In this investigation, children and adolescents who received
positive test results for SARS-CoV-2 were more likely than
were similarly aged participants who had negative test results to
have had reported close contact with a person with confirmed
COVID-19 and less likely to have had reported consistent
mask use by students and staff members inside the school facility. Among participants with close contact with a person with
COVID-19, close contacts of case-patients were more likely
to be family members and less likely to be school or child care
classmates than were those of control participants. Attending
in-person school or child care during the 2 weeks before the
SARS-CoV-2 test was not associated with increased likelihood
of a positive SARS-CoV-2 test result. The majority of respondents reported universal mask use inside school and child care
facilities as recommended by Mississippi State Department of
Health,** although parents of case-patients were less likely than
were those of control participants to report consistent mask use
indoors among their child aged ≥2 years and staff members.
Efforts to reduce COVID-19 in families and communities, in
addition to mitigation strategies in schools and child care programs, are important for preventing transmission to children
and adolescents.†† With increasing COVID-19 incidence and
various behaviors across the country, timely investigations to
identify activities associated with SARS-CoV-2 transmission
can inform targeted mitigation strategies at local levels.
** https://msdh.ms.gov/msdhsite/_static/resources/9917.pdf.
†† https://www.cdc.gov/coronavirus/2019-ncov/community/schools-childcare/
index.html.
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TABLE. Characteristics of children and adolescents aged <18 years who received positive and negative SARS-CoV-2 test results (N = 397)* —
Mississippi, September–November 2020
No. (%)

Characteristic

Case-patients

Control-participants

(n = 154)

(n = 243)

P-value†

Age group, yrs
<4
4–8
9–14
15–17

38 (25)
28 (18)
60 (39)
28 (18)

44 (18)
62 (26)
101 (42)
36 (15)

Sex
Male
Female

68 (44)
86 (56)

115 (47)
128 (53)

Race/Ethnicity (missing = 20)
Black, non-Hispanic
Hispanic
Other, non-Hispanic
White, non-Hispanic

92 (62)
4 (3)
2 (1)
50 (34)

125 (55)
2 (1)
7 (3)
95 (41)

Clinical setting
Emergency department
Outpatient

34 (22)
120 (78)

54 (22)
189 (78)

Reason for SARS-CoV-2 testing§
Felt unwell
Close contact with COVID-19 case
Required for school/day care
Previous close contact with a person with known COVID-19 (missing = 10)

86 (56)
101 (66)
1 (1)
104 (69)

123 (51)
99 (41)
14 (6)
100 (42)

0.31
<0.01
0.01
<0.01

67 (64)
8 (8)
16 (15)

48 (48)
15 (15)
27 (27)

0.02
0.10
0.04

Household size, mean (SD)

4.5 (1.3)

4.4 (1.5)

Residence type (missing = 11)
Single family home
Apartment building
Group home

0.21
0.37

119 (78)
28 (18)
5 (3)

196 (84)
31 (13)
7 (3)

95 (62)
58 (38)

161 (68)
76 (32)

Among participants attending school or child care (n = 256)¶
Days per week, mean
Hybrid model with some days at home
>10 students per classroom
Indoor school activities

4.6 (0.9)
18 (19)
60 (76)
17 (19)

4.5 (1.0)
36 (23)
96 (72)
29 (19)

0.24
0.46
0.45
1.00

Community exposure ≤14 days before SARS-CoV-2 test**
Social gatherings
Sporting events or concerts
Religious services
Child gatherings (e.g., birthday parties, playdates)
Travel with others
Visitors in home
Restaurants
Household member working in health care with patient contact

17 (11)
26 (18)
19 (13)
14 (9)
8 (5)
61 (42)
29 (20)
36 (24)

13 (6)
46 (20)
42 (18)
9 (4)
7 (3)
72 (31)
37 (16)
50 (21)

0.04
0.62
0.16
0.03
0.26
0.05
0.35
0.62

Relationship to close contact with known COVID-19§ (n = 204)
Family member
Friend
School classmate

School or child care exposure ≤14 days before SARS-CoV-2 test¶ (missing = 7)
In classroom or child care
At home

0.17

0.32

0.15

0.97

0.24

Abbreviations: COVID-19 = coronavirus disease 2019; SD = standard deviation.
* Respondents who completed the interview and average of 32 days after their child’s test date.
† P-value for comparison of characteristics of case-patients with control participants using Fisher’s exact text or Pearson’s chi-squared test for categorical variables or Wilcoxon rank sum
test for continuous variables.
§ Parents could provide more than one response.
¶ Questions about school attendance and participation in athletics or school-related activities were “Did your child attend school in-person (all of the week, part of the week [part time
virtual], none of the week [all virtual])” (missing = 6); “How many days per week did your child attend daycare/school outside the home?”; “On the days when the child attended daycare/school
in person, was the classroom (less than half full (<5 students), more than half full (5-10 students), full (approximately 10 students), more than full (>10 students); responses were dichotomized
as more than full (yes/no)”; “Did your child participate in any indoor school-related activities like choir, band, clubs, etc.?” (missing = 9); “Did your child participate in any indoor sports like
basketball, volleyball, etc.?” (missing = 4). Attending school or child care was dichotomized as ≥1 day in the past 2 weeks or none. For affirmative responses about the child’s participation
in sports or school-related activities, parents were asked to specify activities.
** Community exposure questions asked in reference to the 2 weeks before the child’s SARS-CoV-2 test were “Did your family/household attend any social gatherings with other people who
do not live in your home (like weddings, funerals, parties, celebrations, etc.)?” (missing = 15); “Did your family/members of your household attend any sporting events or concerts?”
(missing = 14); “Did your family/household attend meetings or religious services with 10 or more people who do not live with you?” (missing = 12); “Did your child attend any gatherings
(10 or more children) outside of the home or school (like birthday parties, playdates, etc.)?” (missing = 14); “Did your family/household travel with any other people/families who do not
live with you?” (missing = 10); “Did you receive visitors into your home?” (missing = 21); “Did your family/household eat in restaurants?” (missing = 21); “Are you or anyone in the household
a health care provider that provides direct patient contact?” (missing = 10). For each affirmative response, respondents were asked if the activity took place inside or outside, if other
persons at the event were masked (everyone, some, no one), and if social distancing was observed.
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FIGURE. Adjusted odds ratios (aORs)* and 95% confidence intervals (CIs) for close contact, school or child care, and community exposures†
associated with confirmed COVID-19 among children and adolescents aged <18 years (N = 397) — Mississippi, September–November 2020
Close contact with a COVID-19 case
Any in-person school or child care
Inside school: participant aged ≥2 years and all staff members masked (n = 236)
Household member works outside of home

Exposure

Household member works in health care with patient contact
Social gatherings (e.g., weddings, parties, funerals)
Sporting events or concerts
Religious services
Child gatherings (e.g., birthday parties, playdates)
Travel with others
Visitors in home
Dined at restaurants
0.1

0.3

0.5

1.0

aOR (95% CI)

2.0

4.0

8.0

Abbreviation: COVID-19 = coronavirus disease 2019.
* Odds ratios were estimated using logistic regression models adjusting for sex, age group, and race/ethnicity.
† Close contact, school or child care, and community exposure questions asked in reference to the 2 weeks before the child’s SARS-CoV-2 test were “Did the child have
close contact with another person with confirmed COVID-19?”; “Did your child attend school in person (all of the week, part of the week [part time virtual], none of
the week [all virtual])” (missing = 6); “Did your child wear a mask inside at daycare/school? (all the time, some of the time, none of the time)?” (missing = 15); “Did the
teachers/staff at your child’s daycare/school wear a mask inside (all of the time, some of the time, none of the time)?” (missing = 15); “Did your family/household
attend any social gatherings with other people who do not live in your home (like weddings, funerals, parties, celebrations, etc.)?” (missing = 13); “Did your family/
members of your household attend any sporting events or concerts?” (missing = 12); “Did your family/household attend meetings or religious services with 10 or
more people who do not live with you?” (missing = 11); “Did your child attend any gatherings (10 or more children) outside of the home or school (like birthday
parties, playdates, etc.)?” (missing = 12); “Did your family/household travel with any other people/families who do not live with you?” (missing = 8); “Did you receive
visitors into your home?” (missing = 19); “Did your family/household eat in restaurants?” (missing = 19); “Are you or anyone in the household a health care provider
that provides direct patient contact?” (missing = 8). For each affirmative response, respondents were asked if the activity took place inside or outside, if other persons
at the event were masked (everyone, some, or no one) and if social distancing was observed. Mask use inside school by the child and all staff members was
dichotomized as all the time (for both questions) versus all other responses.

Summary
What is already known about the topic?
Community and close contact exposures contribute to the
spread of COVID-19.
What is added by this report?
Among children and adolescents aged <18 years in Mississippi,
close contact with persons with COVID-19 and gatherings with
persons outside the household and lack of consistent mask use
in school were associated with SARS-CoV-2 infection, whereas
attending school or child care was not associated with receiving
positive SARS-CoV-2 test results.
What are the implications for public health practice?
Close contacts with persons with COVID-19 and gatherings
contribute to SARS-CoV-2 infections in children and adolescents. Consistent use of face masks and social distancing
continue to be important to prevent COVID-19 spread.

Among children and adolescents with COVID-19,
69% reported close contact with a person with COVID-19,
similar to previous findings among children and adults (3–5).
Most close contact exposures were to family members, consistent with household transmission of SARS-CoV-2 (6–8). Fewer
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(42%) children who received a negative SARS-CoV-2 test result
reported close contact with a person with known COVID-19.
To help slow the spread of SARS-CoV-2, persons exposed to
someone with COVID-19 should stay home, in addition to
adhering to recommendations to wear masks, maintain social
distance, and wash hands often.§§ If a family member or other
close contact is ill, additional prevention measures can be taken
to reduce transmission, such as wearing masks, reducing shared
meals and items, cleaning and disinfecting the home, and wearing gloves for those with and without known COVID-19.¶¶
The findings in this report are subject to at least four limitations.
First, the sample included 397 children and adolescents tested
during September–November 2020 at health care facilities associated with one large academic medical center in Mississippi and
might not be representative of children and adolescents in other
geographic areas of the United States. Further, parents of eligible
children who could not be contacted or refused to participate could
be systematically different from those who were interviewed for
§§

https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/
disinfecting-your-home.html.
¶¶ https://www.cdc.gov/coronavirus/2019-ncov/if-you-are-sick/index.html;
https://www.cdc.gov/coronavirus/2019-ncov/if-you-are-sick/quarantine.html.
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this investigation. Second, unmeasured confounding is possible,
such that reported behaviors might represent factors, including
concurrently participating in activities in which possible exposures
could have taken place, that were not included in the analysis or
measured in the study. Most respondents were aware of their child’s
SARS-CoV-2 test results and interviews were conducted several
weeks after testing, factors which could have influenced parent
responses. Third, parent report of frequency of mask or cloth face
covering use at schools and child care programs was not verified.
Finally, case or control status might be subject to misclassification
because of imperfect sensitivity or specificity of PCR-based testing.
This investigation highlights differences in community and close
contact exposures and in-school mask use between children and
adolescents who received a positive SARS-CoV-2 test result and
those who received a negative SARS-CoV-2 test result during the
beginning of the 2020–21 academic year in Mississippi. Continued
efforts to prevent transmission at schools and child care programs
are important, as are assessments of various types of activities
and exposures to identify risk factors for COVID-19 as children
engage in classroom and social interactions (9,10). Exposures and
activities in which persons are less likely to maintain mask use and
social distancing, including family gatherings and group activities,
might be important risk factors for SARS-CoV-2 infection among
children and adolescents. Promoting behaviors to reduce exposures
to SARS-CoV-2 among children and adolescents in the household
and community, as well as in schools and child care programs, is
needed to prevent COVID-19 outbreaks at schools*** and child
care programs and slow the spread of COVID-19.
*** https://www.msdh.ms.gov/msdhsite/_static/resources/11292.pdf.

Acknowledgments
Carl Magnum, Gwendolyn Dew, Angela Duck, University of
Mississippi Medical Center and School of Nursing, Jackson, Mississippi;
John M. Williams, Children’s of Mississippi, University of Mississippi
Medical Center, Jackson, Mississippi; Eugene Melvin, Center for
Informatics, University of Mississippi Medical Center, Jackson,
Mississippi; Rebecca James, Mississippi Department of Health, Jackson,
Mississippi; Ananya Reddy, Marissa L. Morales, Evan Finch, Rollins
School of Public Health, Emory University, Atlanta, Georgia.
CDC COVID-19 Response Team
Carmen S. Arriola, CDC; Eric P. Griggs, CDC; Ashley K. Simon,
CDC; Meagan E. Stephenson, CDC.

Corresponding author: Charlotte V. Hobbs, chobbs@umc.edu.
1Children’s of Mississippi, University of Mississippi Medical Center, Jackson,
Mississippi; 2School of Nursing, University of Mississippi Medical Center,
Jackson, Mississippi; 3CDC COVID-19 Response Team; 4Mississippi State
Department of Health, Jackson, Mississippi.

All authors have completed and submitted the International
Committee of Medical Journal Editors form for disclosure of potential
conflicts of interest. No potential conflicts of interest were disclosed.
References
1. Inagaki K, Garg P, Hobbs CV. SARS-CoV-2 positivity rates among
children of racial and ethnic minority groups in Mississippi. Pediatrics
2020. Epub October 28, 2020. PMID:33115793 https://doi.
org/10.1542/peds.2020-024349
2. Harris PA, Taylor R, Minor BL, et al.; REDCap Consortium. The
REDCap consortium: building an international community of software
platform partners. J Biomed Inform 2019;95:103208. PMID:31078660
https://doi.org/10.1016/j.jbi.2019.103208
3. Marshall K, Vahey GM, McDonald E, et al.; Colorado Investigation
Team. Exposures before issuance of stay-at-home orders among persons
with laboratory-confirmed COVID-19—Colorado, March 2020.
MMWR Morb Mortal Wkly Rep 2020;69:847–9. PMID:32614809
https://doi.org/10.15585/mmwr.mm6926e4
4. Tenforde MW, Billig Rose E, Lindsell CJ, et al.; CDC COVID-19
Response Team. Characteristics of adult outpatients and inpatients with
COVID-19—11 academic medical centers, United States, March–
May 2020. MMWR Morb Mortal Wkly Rep 2020;69:841–6.
PMID:32614810 https://doi.org/10.15585/mmwr.mm6926e3
5. Fisher KA, Tenforde MW, Feldstein LR, et al.; IVY Network Investigators;
CDC COVID-19 Response Team. Community and close contact
exposures associated with COVID-19 among symptomatic adults
≥18 years in 11 outpatient health care facilities—United States,
July 2020. MMWR Morb Mortal Wkly Rep 2020;69:1258–64.
PMID:32915165 https://doi.org/10.15585/mmwr.mm6936a5
6. Grijalva CG, Rolfes MA, Zhu Y, et al. Transmission of SARS-COV-2
infections in households—Tennessee and Wisconsin, April–
September 2020. MMWR Morb Mortal Wkly Rep 2020;69:1631–4.
PMID:33151916 https://doi.org/10.15585/mmwr.mm6944e1
7. Lewis NM, Chu VT, Ye D, et al. Household transmission of SARS-CoV-2
in the United States. Clin Infect Dis 2020. Epub August 16, 2020.
PMID:33185244 https://doi.org/10.1093/cid/ciaa1166
8. Lei H, Xu X, Xiao S, Wu X, Shu Y. Household transmission of
COVID-19-a systematic review and meta-analysis. J Infect 2020;81:
979–97. PMID:32858069 https://doi.org/10.1016/j.jinf.2020.08.033
9. Leeb RT, Price S, Sliwa S, et al. COVID-19 trends among school-aged
children—United States, March 1–September 19, 2020. MMWR Morb
Mortal Wkly Rep 2020;69:1410–5. PMID:33001869 https://doi.
org/10.15585/mmwr.mm6939e2
10. Coronado F, Blough S, Bergeron D, et al. Implementing mitigation
strategies in early care and education settings for prevention of
SARS-CoV-2 transmission—eight states, September–October 2020.
MMWR Morb Mortal Wkly Rep 2020;69:1868–72 http://dx.doi.
org/10.15585/mmwr.mm6949e3. PMID:33301431

Readers who have difficulty accessing this PDF file may access the HTML file at https://www.cdc.gov/mmwr/volumes/69/wr/mm6950e3.
htm?s_cid=mm6950e3_w. Address all inquiries about the MMWR Series, including material to be considered for publication, to Editor,
MMWR Series, Mailstop E-90, CDC, 1600 Clifton Rd., N.E., Atlanta, GA 30329-4027 or to mmwrq@cdc.gov.

MMWR / December 15, 2020 / Vol. 69

5

