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Universities open for in-person instruction during the 2020–21
academic year implemented a range of prevention strategies to
limit the transmission of SARS-CoV-2, the virus that causes
COVID-19, including physical distancing, mask use, vaccination, contact tracing, case investigation, and quarantine
protocols (1). However, in some academic programs, such as
health-related programs, aviation, and kindergarten through
grade 12 (K–12) education, maintaining physical distance
while still providing instruction is difficult; for universities with
such programs, a single confirmed case of COVID-19 could
result in a large number of students, staff members, and instructors being designated close contacts and requiring quarantine
if they are not fully vaccinated, even if masks were worn when
contact occurred. In January 2021, the St. Louis City Health
Department allowed Saint Louis University (SLU) to implement a modified quarantine protocol that considered mask use
when determining which close contacts required quarantine.*
To assess the impact of the protocol, SLU assessed positive
SARS-CoV-2 test result rates by masking status of the persons
with COVID-19 and their close contacts. During January–
May 2021, 265 students received a positive SARS-CoV-2 test
result; these students named 378 close contacts. Compared
with close contacts whose exposure only occurred when both
persons were masked (7.7%), close contacts with any unmasked
exposure (32.4%) had higher adjusted odds ratios (aORs) of
receiving a positive SARS-CoV-2 test result (aOR = 4.9; 95%
confidence interval [CI] = 1.4–31.1). Any additional exposures
were associated with a 40.0% increase in odds of a positive
test result (aOR = 1.4; 95% CI = 1.2–1.6). These findings
reinforce that universal masking and having fewer encounters
in close contact with persons with COVID-19 prevents the
spread of SARS-CoV-2 in a university setting. Universities
opening for in-person instruction could consider taking mask
use into account when determining which unvaccinated close
contacts require quarantine if enforced testing protocols are in
place. However, this study was conducted before the B.1.617.2
(Delta) variant became the dominant strain of SARS-CoV-2
* Quarantine is required for all unvaccinated close contacts who had any
unmasked exposure. A close contact was defined as any unvaccinated person
who spent a total of ≥15 minutes during a 24-hour period within 6 ft of a
person with confirmed COVID-19 while that person was contagious, regardless
of whether a mask was worn. The modified protocol allowed those with only
masked exposure to forego quarantine.

in the United States, which could have affected these findings
given that the Delta variant has been found to be associated
with increased transmissibility compared to previous variants.
In January 2021, the St. Louis City Health Department
allowed SLU to implement a modified quarantine protocol
that considered mask use when determining who would be
considered a close contact requiring quarantine. SLU is a midsized private university with approximately 12,000 students
and 6,000 employees, approximately 80% of whom lived,
worked, or studied on its urban campus during the spring
2021 semester (January–May 2021), when the modified
policy was implemented. Mask use was enforced on campus
for all students, staff members, and visitors, including outside
and in all classrooms and laboratory spaces. Faculty and staff
members asked those who were unmasked or improperly
wearing a mask to comply. Noncompliant students received
sanctions, including being unable to attend classes in-person.
While actively eating or drinking, persons were allowed to be
unmasked in dining halls. COVID-19 cases among students
were identified through SLU’s symptomatic and surveillance
testing protocols.†
After a case in a student was identified, the SLU Contact
Tracing team conducted contact tracing. Staff member exposures and cases were tracked differently and were excluded
from this study. Students with COVID-19 were asked to
identify their number of exposure incidents with each close
contact, defined as each single encounter in which the two
persons were within 6 feet of each other for ≥15 minutes during a 24-hour period, regardless of location of the exposure.
The number of exposures was then calculated for each close
contact. Close contacts could have had a single exposure to
one infected student or multiple exposures to one or more
† All

symptomatic employees and students were offered COVID-19 testing
through the Office of Employee Health or Student Health. Surveillance testing
consisted of mandatory testing of all students living in on-campus housing
before move-in for fall 2020 (August 2020) and spring 2021 (January 2021).
Surveillance testing was optional for all students who lived off campus during
fall and spring move-in. Throughout the fall 2020 and spring 2021 semesters,
surveillance testing was conducted on a random sample of approximately 10%
of students who lived in on-campus housing. In addition, student athletes and
athletic staff members received surveillance testing per the National Collegiate
Athletic Association (NCAA) guidelines: https://www.ncaa.org/sport-scienceinstitute/covid-19-coronavirus
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infected persons. Mask use for persons with COVID-19 and
close contacts was recorded for each exposure incident. If either
person (patient or contact) was unmasked, the incident was
considered an unmasked exposure. All close contacts underwent saliva-based molecular reverse transcription–polymerase
chain reaction (RT-PCR) testing 5–7 days after exposure.§
Only unvaccinated close contacts with unmasked exposures
were required to quarantine; however, close contacts with only
masked exposures were informed of their exposure to persons
with COVID-19 and counseled to conduct daily health screenings and to immediately report any symptoms.
The percentages of positive SARS-CoV-2 test results among
close contacts were assessed by demographic characteristics and
exposure variables; differences were tested using chi-square
tests or Fisher’s exact test for small cell counts for categorical
variables and using t-tests for continuous variables; p-values
<0.05 were considered statistically significant. Assessed demographic characteristics included sex, age, on- versus off-campus
residence, vaccination status, enrollment as an undergraduate student versus graduate student, participation in school
athletics, and membership in a student fraternity or sorority,
Reserve Officers’ Training Corps, or a health major with clinical
responsibilities. Full vaccination was defined as having received
either a single dose of Janssen (Johnson & Johnson) vaccine or
the second dose of Moderna or Pfizer-BioNTech COVID-19
vaccine ≥14 days before exposure. Partial vaccination was
defined as receipt of a single dose of Janssen or the second
dose of Moderna or Pfizer-BioNTech <14 days before the
exposure, or receipt of 1 dose of Moderna or Pfizer-BioNTech
COVID-19 vaccine. Students who had received no vaccine
doses were considered unvaccinated. Close contacts were
categorized as those who had only masked exposure or those
with unmasked exposure to a COVID-19–infected person.
Logistic regression was used to calculate adjusted odds ratios
and 95% CIs pertaining to the odds of a close contact receiving a positive test result following masked versus unmasked
exposure to a person with COVID-19, adjusting only for the
number of exposure incidents¶; vaccination status was not
§ COVID-19 testing was conducted using Abbott BinaxNOW rapid antigen test

and LabCorp molecular RT-PCR for all symptomatic persons collected via
self-administered anterior nasal swab, or Clinical Reference Laboratory salivabased molecular RT-PCR for all asymptomatic persons. Each symptomatic
person was only counted once in the analyses, even though both an antigen
and RT-PCR test were conducted.
¶ Logistic regression included masked status (any unmasked exposure versus only
masked exposure) and number of exposure incidents (modeled as a continuous
variable) with the persons with COVID-19 as predictors. These variables were
chosen because of the strength of bivariate association with having a positive
test result. The small number of close contacts with only masked exposures
precluded more complex modeling; therefore, no demographic or other variables
were included in the model. Linearity assumption was assessed by visual
comparison of percentage of positive results by number of incidents. The model
produced a Nagelkerke R-squared of 0.103 and a c-statistic of 0.654.

1246

MMWR / September 10, 2021 / Vol. 70 / No. 36

included in the model because of small sample sizes. Most
students were not eligible for vaccination during the spring
semester. Statistical analyses were conducted using R software
(version 4.1.1; R Foundation). The SLU Institutional Review
Board approved this study.
A total of 9,335 student SARS-CoV-2 tests were performed
during January–May 2021, including 1,009 (10.8%) diagnostic tests and 8,326 (89.2%) surveillance tests; students might
have been tested more than once. Of all tests conducted, 265
(2.8%) yielded a positive SARS-CoV-2 result; no student
received two positive test results. Among students with a
positive SARS-CoV-2 test result, 378 close contacts were
named (mean = 1.4 close contacts per case), 26 (6.9%) of
whom reported only masked exposure; 352 (93.1%) reported
any unmasked exposure. Close contacts had a median of one
exposure incident (range = one–16). Reported exposures
occurred between roommates, significant others, or in offcampus social gatherings. Among the 378 close contacts,
116 (30.7%) received a positive test result. Percentages of
positive test result rates were substantially higher among
contacts with any unmasked exposure (114 of 352; 32.4%)
than among those who had masked exposure only (two of 26;
7.7%) (aOR = 5.4, 95% CI = 1.5–36.5; p = 0.008) and for
those who were unvaccinated (33.0%) or partially vaccinated
(20.8%) compared with those who were fully vaccinated (none)
(p = 0.007) (Table).
In multivariate analyses, close contacts with unmasked
exposure had higher adjusted odds of receiving a positive test
result than did those with only masked exposure (aOR = 4.9;
95% CI = 1.4–31.1). Any additional exposure was associated
with a 40.0% increase in adjusted odds of a positive test
result (aOR = 1.4; 95% CI = 1.2–1.6); the median number of
exposures was 2.0 for close contacts with positive test results
and 1.0 for close contacts with negative test results. The
two persons with only masked exposures who received positive
test results were moved immediately to isolation upon receipt
of test results. Neither of these two persons was linked to any
additional COVID-19 cases, despite having nine close contacts
between them and not having been placed into quarantine.
Discussion

Close contacts with any unmasked exposure to persons with
COVID-19 had significantly higher odds of receiving a positive
SARS-CoV-2 test result compared with those who had only
masked exposure. In addition, close contacts who had multiple
exposures, whether masked or unmasked, had higher odds of a
positive test result than did those with only a single exposure.
The percentage of positive test results among close contacts
in this study (30.7%) was similar to that observed in previous
studies (approximately 31%) (2,3). Consistent with findings
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TABLE. Demographic characteristics, mask use, and number of exposure incidents of close contacts* of SARS-CoV-2–infected students, by
SARS-CoV-2 test results — Saint Louis University, United States January–May 2021
SARS-CoV-2 test results, no. (%)
Characteristic
Sex
Female
Male
Housing status
Off-campus
On-campus
Student level
Graduate
Undergraduate
Vaccination status§
Fully vaccinated
Partially vaccinated
Unvaccinated
Student athlete
No
Yes
Reserve Officers’ Training Corps member
No
Yes
Member of student fraternity or sorority
No
Yes
Health major with clinical responsibilities
No
Yes
Mask use
Masked exposure only
Any unmasked exposure
No. of exposure incidents,¶ median (IQR)

All (n = 378)

Negative (n = 262)

Positive (n = 116)

p value†

268 (70.9)
110 (29.1)

175 (66.8)
87 (33.2)

93 (80.2)
23 (19.8)

0.012

115 (30.4)
263 (69.6)

84 (32.1)
178 (67.9)

31 (26.7)
85 (73.3)

0.358

33 (8.7)
345 (91.3)

23 (8.8)
239 (91.2)

10 (8.6)
106 (91.4)

1.000

18 (4.8)
24 (6.3)
336 (88.9)

18 (6.9)
19 (7.3)
225 (85.9)

0 (—)
5 (4.3)
111 (95.7)

0.007

330 (87.3)
48 (12.7)

228 (87.0)
34 (13.0)

102 (87.9)
14 (12.1)

0.939

376 (99.5)
2 (0.5)

261 (99.6)
1 (0.4)

115 (99.1)
1 (0.9)

1.000

239 (63.2)
139 (36.8)

168 (64.1)
94 (35.9)

71 (61.2)
45 (38.8)

0.670

294 (77.8)
84 (22.2)

201 (76.7)
61 (23.3)

93 (80.2)
23 (19.8)

0.541

26 (6.9)
352 (93.1)
1.0 (1.0, 2.0)

24 (9.2)
238 (90.8)
1.0 (1.0, 2.0)

2 (1.7)
114 (98.3)
2.0 (1.0, 3.0)

0.016
<0.001

Abbreviation: IQR = interquartile range.
* A close contact was defined as any unvaccinated person who spent a cumulative total of ≥15 minutes in one 24-hour period within 6 feet of a confirmed case of
COVID-19 while that person was contagious, regardless of whether a mask was worn.
† Determined by chi-square test for all comparisons except for number of exposure incidents (continuous variable), which was assessed using a t test.
§ Full vaccination was defined as having received either a single dose of Janssen (Johnson & Johnson) vaccine or the second dose of Moderna or Pfizer-BioNTech
COVID-19 vaccine ≥14 days before the exposure. Partial vaccination was defined as receipt of a single dose of Janssen or the second dose of Moderna or PfizerBioNTech <14 days before the exposure, or receipt of 1 dose of Moderna or Pfizer-BioNTech COVID-19 vaccine. Being unvaccinated was defined as not having
received a dose of any COVID-19 vaccine.
¶ Exposure incidents were defined as each single encounter in which a contact was within 6 feet of a student with COVID-19 for ≥15 minutes during a 24-hour period,
regardless of location of the exposure.

from studies in nonuniversity settings (4,5), the findings from
this study reinforce that universal masking and having fewer
encounters in close contact with persons with COVID-19 helps
prevent further transmission in in-person university settings.
Two close contacts, who had only masked exposure and
were permitted to forego quarantine because of the university’s modified protocol, received positive SARS-CoV-2 test
results. Neither was linked to any additional COVID-19 cases
(i.e., secondary transmission). For universities considering a
similar approach, if masked unvaccinated close contacts are not
required to quarantine, testing 5–7 days after exposure will be
important because of the small risk for infection that could
lead to secondary transmission if isolation is not implemented
rapidly, especially in populations with low vaccination coverage. Modified quarantine, such as that implemented by this

university, might be feasible on other university campuses or
in other settings that have an internal contact tracing team
and enforced testing protocols. For example, studies in K–12
school settings have found reduced SARS-CoV-2 transmission
when masking is enforced even when 6 feet of physical distance
cannot be maintained (6). Such modifications to quarantine
policies might also have the potential to reduce the number
of missed days from critical academic activities (e.g., clinical
hours, flight hours) because of quarantine, which are days that
are needed for degree completion and program accreditation.
Modified quarantine, similar to that implemented by SLU,
might also help minimize the negative psychosocial effects
associated with quarantine (7). As of September 7, 2021,
1,014 universities have a COVID-19 vaccine requirement
policy for students and employees (8).
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Summary
What is already known about this topic?
During January–May 2021, Saint Louis University implemented
a modified quarantine protocol that considered mask use when
determining which close contacts required quarantine among
an almost entirely unvaccinated student population.
What is added by the report?

What are the implications for public health practice?
Universal masking and fewer encounters in close proximity to
persons with COVID-19 can limit the spread of SARS-CoV-2 in
university settings.
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The findings in this report are subject to at least five limitations. First, contact tracing data were self-reported, which could
introduce social desirability or recall bias or inaccurate data
regarding mask use. Second, the two students who received
positive SARS-CoV-2 test results and reported only masked
exposure might have had unmasked exposure to COVID-19
cases other than those under investigation, which could lead
to underestimating the association between mask use and the
percentage of positive test results. Third, most students were
not vaccine-eligible until late spring, so this analysis included
very few fully vaccinated students; therefore, vaccination status could not be included in the regression analysis because
of low cell counts. Fourth, indoor versus outdoor exposure
information and exposure time were collected but could not be
included in the analysis because of a large amount of missing
data. Finally, this study was conducted before the Delta variant
became the dominant strain of SARS-CoV-2 in the United
States, which could have an impact on these findings given
that the Delta variant has increased transmissibility compared
to previous variants.**
Wearing masks and having fewer encounters with persons
with COVID-19 reduced the odds of transmission in a university setting. In addition, there was no evidence of secondary
transmission from either of the two students with only masked
exposure who received positive SARS-CoV-2 test results, and
who, because of the modified protocol in place, were allowed to
forego quarantine. Universities opening for in-person instruction could consider taking mask use into account when determining which unvaccinated close contacts require quarantine if
enforced testing protocols are in place. CDC recommends that
universal masking be adopted in indoor spaces for vaccinated
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Compared with only masked exposure, close contacts with any
unmasked exposure had higher adjusted odds of a positive test
result. Each additional exposure was associated with a 40%
increase in odds of a positive test.

** https://www.medrxiv.org/content/10.1101/2021.06.03.21258293v1

and unvaccinated persons in areas with substantial or high
transmission rates and that masks should be worn in indoor
spaces in areas without substantial or high transmission rates
if you are not fully vaccinated (9). In addition, CDC recommends COVID-19 vaccination for individuals aged ≥12 years.
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