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IMPORTANCE Wearing a face mask in school can reduce SARS-CoV-2 transmission but it may
also lead to increased hand-to-face contact, which in turn could increase infection risk
through self-inoculation.

OBJECTIVE To evaluate the effect of wearing a face mask on hand-to-face contact by children
while at school.

DESIGN, SETTING, AND PARTICIPANTS This prospective randomized clinical trial randomized
students from junior kindergarten to grade 12 at 2 schools in Toronto, Ontario, Canada, during
August 2020 in a 1:1 ratio to either a mask or control class during a 2-day school simulation.
Classes were video recorded from 4 angles to accurately capture outcomes.

INTERVENTIONS Participants in the mask arm were instructed to bring their own mask and
wear it at all times. Students assigned to control classes were not required to mask at any
time (grade 4 and lower) or in the classroom where physical distancing could be maintained
(grade 5 and up).

MAIN OUTCOMES AND MEASURES The primary outcome was the number of hand-to-face
contacts per student per hour on day 2 of the simulation. Secondary outcomes included
hand-to-mucosa contacts and hand-to-nonmucosa contacts. A mixed Poisson regression
model was used to derive rate ratios (RRs), adjusted for age and sex with a random intercept
for class with bootstrapped 95% CIs.

RESULTS A total of 174 students underwent randomization and 171 students (mask group,
50.6% male; control group, 52.4% male) attended school on day 2. The rate of hand-to-face
contacts did not differ significantly between the mask and the control groups (88.2 vs 88.7
events per student per hour; RR, 1.00; 95% CI, 0.78-1.28; P = >.99). When compared with the
control group, the rate of hand-to-mucosa contacts was significantly lower in the mask group
(RR, 0.12; 95% CI, 0.07-0.21), while the rate of hand-to-nonmucosa contacts was higher (RR,
1.40; 95% CI, 1.08-1.82).

CONCLUSIONS AND RELEVANCE In this clinical trial of simulated school attendance,
hand-to-face contacts did not differ among students required to wear face masks vs students
not required to wear face masks; however, hand-to-mucosa contracts were lower in the face
mask group. This suggests that mask wearing is unlikely to increase infection risk through
self-inoculation.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04531254
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T he use of face masks in community settings is an in-
tegral part of a layered approach of public health
measures used to reduce severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) transmission and the in-
cidence of COVID-19.1-5 However, face mask use in children and
schools remains controversial, with varying jurisdictional ap-
proaches reflecting how stakeholders weigh the potential ben-
efits and negative consequences.6 The benefits include source
control and protection of the wearer, depending on the mate-
rial used and the fit of the mask.5-7

Several studies have demonstrated low secondary attack
rates in schools where masking was one of the health and safety
measures in place.8-13 In addition, epidemiologic studies have
shown fewer outbreaks14 and lower incidence of SARS-CoV-2
infection15 in areas with school masking policies. However,
these benefits need to be evaluated along with the potential
negative consequences. Potential negative consequences in-
clude physical adverse effects (respiratory and dermatologic)
and psychological, cognitive, and communicative effects.16,17

It has been suggested that wearing a face mask could lead
to increased hand-to-face contact in children, which could re-
sult in self-inoculation and transmission of viruses.18-21 There-
fore,weconductedtheBack-to-SchoolCOVID-19SimulationTrial
to evaluate the effects of wearing a face mask on hand-to-face
contact by children in a simulated school environment.

Methods
Trial Oversight
The trial was an investigator-initiated, open-label, random-
ized clinical trial of face masks involving students from ju-
nior kindergarten (JK) to grade 12 (4 to 17 years old) who par-
ticipated in a simulated school environment for 2 consecutive
days. The trial was conducted at 2 schools in Toronto, On-
tario, Canada, in August 2020, at a time when schools were
closed for the summer break after a prolonged closure to in-
person learning related to the COVID-19 pandemic. Ethical ap-
proval was obtained from the Hospital for Sick Children’s re-
search ethics board (REB # 1000071861). Even though the trial
was based on a school simulation and did not assess health out-
comes, it was registered with ClinicalTrials.org (NCT04531254).
The protocol is available with the full text of this article online.
There were no significant changes to the Methods after trial
commencement (eMethods in Supplement 1). Written informed
consent of parents/caregivers or children and verbal assent of
all children when parents/caregivers provided consent were
obtained for all participants.

The trial protocol design team consisted of pediatricians,
infectious disease specialists, infection prevention and con-
trol professionals, epidemiologists, medical simulation ex-
perts, and schoolteachers. The investigators vouch for the
completeness and accuracy of the data and analyses, and for the
fidelity of the trial to the protocol and statistical analysis plan.
The first draft of the article was written by the first and last au-
thors according to the Consolidated Standards of Reporting Trials
(CONSORT) reporting guidelines22 and revised by all authors,
who agreed to submit the article for publication.

Participants
Participants were recruited from the greater Toronto area using
social media, news releases, and direct communication from
school principals (eMethods in Supplement 1). Students were eli-
gible if they attended school or a structured learning environ-
ment during the 2019 to 2020 school year and self-reported that
they did not require additional support beyond those provided
by a single class teacher. Teachers were eligible if they were cer-
tified by the Ontario College of Teachers. Students and teach-
ers were excluded if they had risk factors for SARS-CoV-2 infec-
tion (eMethods in Supplement 1) or a known hypersensitivity or
allergy to a biological indicator used in the trial (Glo Germ; Glo
Germ Company). All participants had a negative SARS-CoV-2
polymerase chain reaction test result by nasopharyngeal swab
in the 48 hours before the start of the study.

Intervention
Students and teachers were assigned in a 1:1 ratio to either mask
or control classes in 1 of 7 grade ranges (kindergarten, grades 1
and 2, grades 3 and 4, grades 5 and 6, grades 7 and 8, grades 9
and 10, and grades 11 and 12) based on the grade they had just
completed (students) or had teaching experience (teachers). Stu-
dents assigned to mask classes were instructed to bring their own
mask and always wear it, even when distancing could be main-
tained, except when eating and drinking. Students assigned to
control classes were told that they did not need to wear a mask
at all (grades 4 and lower) or did not need to wear a mask when
physical distancing (2 m or more) could be maintained (grades
5 and up), but masking was allowed. Pediatric masks were avail-
able for students in the masking class who forgot to bring a mask
or needed a replacement. Teachers were provided with medi-
cal masks and wore the mask irrespective of whether they were
teaching a mask or control class. Classrooms were set up to al-
low physical distancing of 2 m or more between desks, such that
grades 5 and up did not need to wear masks when at their desk
in the classroom, consistent with provincial public health mea-
sures at the time.

Trial Procedures
Two full school days (8:35 AM to 3 PM) were planned after ran-
domization. On the first day, students adjusted to return to
school procedures, including mask use if randomized to the
mask class. On the second day, the same procedures were fol-
lowed, and outcomes were assessed. Teachers developed the

Key Points
Question Does wearing a face mask lead to increased
hand-to-face contact in children?

Findings In this randomized clinical trial of 174 children aged 5 to
18 years, the rate of hand-to-face contact was not significantly
different between children wearing a face mask and the control
group in a simulated school environment.

Meaning Face mask wearing did not increase hand-to-face or
hand-to-mucosa contact in children, suggesting that mask wearing
is unlikely to increase infection risk through self-inoculation.
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curriculum to simulate a regular school day. Policies and pro-
cedures were put in place to replicate the provincial plans for
return to school in September 2020.23 The curriculum and
procedure are outlined in the eMethods in Supplement 1.

Outcomes
The primary outcome was the number of hand-to-face con-
tacts per student per hour on the second day of the simula-
tion. We defined a hand-to-face contact as starting from the
moment a hand touched the face, until the hand lifted off the
face. Classrooms were recorded using a secure closed-circuit
television setup on a closed-wired area network to capture in-
formation on primary and secondary outcomes. Four cameras
were set up in each classroom to capture all angles (eFigure 1 in
Supplement 1). Two 60-minute time periods (1 in the morning,
1 after lunch) were used to assess outcomes when students were
present in the classroom participating in classroom activities (ex-
cluding lunch). The details on video data acquisition and stor-
age are provided in the eMethods in Supplement 1. For each
grade range, the occurrence and type of hand-to-face contacts
were recorded by a single trained coder who reviewed all the
video footage in both mask and control classes during class time
(excluding periods of eating and drinking). Hand-to-face-
contacts were classified for each hand as contact with the (1)
mouth and/or nose, (2) eyes, (3) glasses, (4) other nonmucosa
part of the face (eg, chin, ears, cheek, forehead), (5) central mask
(over mouth/nose), (6) peripheral mask (side of mask/ear loops),
(7) removing mask, and (8) putting on mask. When there were
multiple areas touched during 1 contact, coders were in-
structed to prioritize mucosa (codes 1 or 2) over nonmucosa
codes (codes 3 to 8). Within nonmucosa touches, mask touches
(codes 5 to 8) took precedence over other face contacts (code
4). The primary outcome included codes 1 to 8. Touches were
time-stamped by hour, minute, and second (when multiple
touches occurred within a minute). The prespecified key sec-
ondary outcomes were hand-to-mucosa contacts (codes 1 and
2), and hand-to-nonmucosa face contacts, including mask (codes
3 to 8), per student per hour. The additional prespecified sec-
ondary outcomes included the numbers of interpersonal hand
holding per student per hour, the number of mask removals per
student per hour, and the numbers of students and teachers with
biotracer contamination. Five of 12 secondary outcomes could
not be assessed for logistical or technical reasons (eMethods in
Supplement 1), whereas experiences of students and teachers
were examined in 2 substudies, and have been reported
separately.24,25 Two outcomes were not prespecified in the pro-
tocol, but analyzed posthoc: the number of hand-to-mask con-
tacts (codes 5 to 8) and the number of other nonmucosa face
contacts (code 4) per student per hour.

Coders received training by a single trainer (M.C.K.) on how
to code hand-to-face-contacts using archive videos and un-
derwent an assessment to ensure consistency of coding of at
least 10 minutes of video footage in comparison with the trainer
(eMethods in Supplement 1). To enable an interrater reliabil-
ity study of the primary and the 2 key secondary outcomes,
we randomly selected a period of 10 minutes during class time
for each class. During this period, these outcomes were inde-
pendently assessed by a second coder for each student.

Randomization
After inclusion of all participants, central randomization was
done on the day before the start of the simulation by an inde-
pendent statistician based on computer-generated random-
ization schedules stratified by age and sex for students and by
range of grades for teachers. Randomization was blocked, with
randomly varied block sizes for students and blocks of 2 for
teachers. Allocation was communicated to parents and stu-
dents immediately after randomization on the day before the
start of the simulation. In addition, students and teachers were
kept unaware of the specific objectives of the trial, including
the prespecified primary outcome (hand-to-face contact) and
all key secondary outcomes.

Statistical Analysis
We hypothesized that mask use would increase the rate of hand-
to-face contacts. Assuming an intracluster correlation coefficient
of 0.01 for the correlation of hand-to-face contacts of students
within classes, a standard deviation of the number of hand-to-
face contacts per hour per student of 6, and a class size of 15 stu-
dents, we estimated that 12 classes with 180 students would
result in more than 80% power to detect an increase in the num-
ber of hand-to-face contacts per hour per student from an av-
erage of 30 in control classes to an average of 33 in mask classes,
corresponding to a rate ratio of 1.1, at a 2-sided α of .05. This
difference of 3 contacts per hour was determined to be a clini-
cally relevant treatment effect based on expert opinion and mod-
eling studies on the impact of hand-to-face contacts on infec-
tion risk.26,27 The trial was adaptive using a sequential design
with an interim analysis planned after the first 2 days of school
simulation, and was stopped because the 2-sided z of 0 crossed
the boundary of equivalence (eFigure 2 in Supplement 1). Analy-
ses were performed in the modified intention-to-treat popula-
tion, which included all randomly assigned students and teach-
ers who participated on the second day of the simulation.

Primary and secondary analyses used a mixed Poisson
regression model adjusted for age and sex with a random in-
tercept for class to derive rate ratios, with bootstrapped 95%
CIs and 2-sided P values. Subgroup analyses planned a priori
included sex, self-reported ethnicity, school type (private vs
public), grade (JK through grades 4 vs grades 5 through 12).
Since the widths of 95% CIs for secondary outcomes were not
adjusted for multiple comparisons, these intervals should not
be used for inferences about treatment effects. Intraclass cor-
relation coefficients28 and Bland Altman plots29 were used to
determine interrater reliability. Sensitivity analyses were done
after exclusion of students who adhered to the allocated in-
tervention in less than 70% of class time. All analyses were per-
formed with R, release 4.0.5 (R Foundation).

Results
Participants
In August 2020, 264 students were assessed for eligibility, 174
students were deemed eligible, provided consent and assent,
and 87 students were randomized to each group (Figure 1). In
the mask group, all students completed the trial, whereas in
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the control group, 3 students withdrew after the first day and
were lost to follow-up. The characteristics of the participants
in the 2 groups were similar at baseline (Table 1). The median
age was 12.4 (interquartile range, 9.1-15.2) years, 48.5% were
female, 50.3% were White, and 61% attended a public school
in the previous year. Overall, 87 students (100%) in the mask
group and 82 students (94.3%) in the control group received
the intervention as allocated; 2 students in the control group
wore their mask 100% of time. Seventy-one students (81.6%)
and 80 students (92.0%), respectively, adhered to the allo-
cated intervention in more than 70% of class time on the sec-
ond day of school simulation. A total of 171 students were in-
cluded in the intention-to-treat analysis, 87 students in the
mask group, and 84 students in the control group.

Outcomes
The rate of hand-to-face contacts did not differ significantly
between groups (88.2 vs 88.7 events per hour in mask and con-
trol groups, respectively; rate ratio [RR], 1.00; 95% CI, 0.78-
1.28; P = >.99) (Table 2). The rate of hand-to-mucosa con-
tacts was significantly lower in the mask group (4.2 vs 26.8
events per hour; RR, 0.12; 95% CI, 0.07-0.21), while the rate
of hand-to-nonmucosa contacts was higher in the mask group
(84.4 vs 58.1 events per hour; RR, 1.40; 95% CI, 1.08-1.82)
(Figure 2). The rate of hand-to-mask contacts was higher in the
mask group (60.3 vs 14.2 events per hour; RR, 16.43; 95% CI,
2.49-103.73), whereas other face touches were less frequent
(21.1 vs 42.7 events per hour; RR, 0.46; 95% CI, 0.33-0.65).

There were no incidences of hand holding in either group.
Masks were removed 102 times in the mask group (rate 0.6
events per student per hour) (Table 2).

The effect of the intervention on the primary outcome
was consistent across prespecified subgroups, with no dif-
ferences in effect estimates by age, sex, ethnicity, or school
attendance (private vs public; eFigure 3 in Supplement 1).
The intraclass correlation coefficients were 0.72 for the pri-
mary outcome (95% CI, 0.67-0.77), 0.83 for hand-to-mucosa
touches (95% CI, 0.79-0.86), and 0.72 for hand-to-
nonmucosa touches (95% CI, 0.66-0.77) (eTable 1 in Supple-
ment 1). Bland-Altman plots are presented in eFigure 4 in
Supplement 1. Sensitivity analyses after exclusion of stu-
dents who adhered to the allocated intervention in 70% or
less of class time showed similar results as primary analyses
(eTable 2 in Supplement 1).

Discussion
In this randomized school simulation clinical trial with
video recordings to capture primary and secondary out-
comes, wearing a face mask did not increase hand-to-face
contacts and resulted in a decrease in hand-to-mucosa con-
tacts. Findings were consistent for the primary outcome
across subgroups defined by age, sex, ethnicity, and private
or public school attendance.

Figure 1. CONSORT Diagram

264 Assessed for eligibility

87 Allocated to masked classroom
15 Grade class 7/8
15 Grade class 9/10
15 Grade class 11/12
13 Grade class 5/6
11 JK/SK class
10 Grade class 3/4
8 Grade class 1/2

87 Allocated to nonmasked classroom
15 Grade class 7/8
15 Grade class 9/10
15 Grade class 11/12
12 Grade class 5/6
11 JK/SK class
10 Grade class 3/4
9 Grade class 1/2

0 Discontinued after first day
of simulation

84 Analyzed
3 Excluded from analysis

87 Analyzed
0 Excluded from the analysis

3 Discontinued after first day of simulation
1 Discomfort being in the nonmasked

class (grade 9/10 class)
1 Discomfort being in the nonmasked

class (grade 11/12 class)
1 No longer wished to participate

(grade 3/4 class)

174 Randomized

90 Excluded
60 Declined to participate
16 Assigned to excess classrooma

16 Did not obtain COVID-19 test

a Class sizes were capped at 15 students based on anticipated Ontario Ministry
of Education guidelines for classroom distancing.

Table 1. Characteristics of the Students Participating
in the Randomized School Simulation Trial by Group

Characteristic

No. (%)

Mask class (n = 87) Control class (n = 84)
Age, median (IQR), y 12.3 (9.1-15.2) 12.5 (8.7-15.1)

Sex

Female 43 (49.4) 40 (47.6)

Male 44 (50.6) 44 (52.4)

Public school 49 (58.3) 51 (63.8)

Self-reported ethnicity

Asian 16 (18.4) 12 (14.3)

Black 7 (8.0) 5 (6.0)

White 46 (52.9) 40 (47.6)

Other/unknowna 18 (20.7) 27 (32.1)

Income, $

≤99 999 14/82 (17.1) 11/80 (13.8)

100 000-199 999 11/82 (13.4) 23/80 (28.8)

≥200 000 44/82 (53.7) 39/80 (48.8)

Chose not to answer 13/82 (15.9) 7/80 (8.8)

Grade

JK/SK 11 (12.6) 11 (13.1)

1-2 8 (9.2) 9 (10.7)

3-4 10 (11.5) 9 (10.7)

5-6 13 (14.9) 12 (14.3)

7-8 15 (17.2) 15 (7.9)

9-10 15 (17.2) 14 (16.7)

11-12 15 (17.2) 14 (16.7)

Abbreviations: IQR, interquartile range; JK, junior kindergarten; SK, senior
kindergarten.
a The individuals listed other without providing a written comment.
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To our knowledge, this is the first randomized trial evalu-
ating the impact of masks on hand-to-face contacts and the first
study in children. Using public video recordings, 2 retrospec-
tive studies in the general population either found no asso-
ciation between mask use and hand-to-face contacts30 or a de-
crease in hand-to-face contacts, especially hand-to-mucosa
contacts.31 In a prospective cohort study in health care pro-
fessionals, mask use was associated with reduced hand-to-
face contacts.32 All 3 studies included only short observation
times per individual (less than 1 minute for video
observations3 0,3 1 and 5 to 15 minutes for in-person
observation32). Our trial accumulated nearly 2 hours of obser-
vation time per student using video from 4 angles to accu-
rately capture behaviors in a school setting, where behaviors
may be different given the nature of interactions and
environment.33

As face touching can lead to self-inoculation, the fre-
quency of hand-to-face contacts is considered important and
has been used in exposure modeling to quantify infectious
dose.34 Rates previously described in adults ranged from 3.3
touches per hour (community)35 to 19 to 23 touches per hour
(health care professionals36 and medical students37). In a pro-
spective study without mask use, children were approxi-
mately 1.3 times more likely to touch their faces than adults.38

We therefore assumed 30 hand-to-face contacts per hour when
designing our trial and were surprised to find nearly 3 times

higher rates. This suggests an underestimation in previous
studies using less sensitive methods for outcome ascertain-
ment.

These findings have important public health implica-
tions. Wearing a face mask did not lead to increased hand-
to-face contact, but were associated with reduced hand-to-
mucosa contact, which may add protection. In addition,
SARS-CoV-2 transmission through hand-to-mucosa contact
is less likely than through inhalation.39-41 Taken together,
this suggests that the benefits of masks for infection pre-
vention in children clearly outweigh any potential infec-
tious risks. Our finding of frequent face touching in children
is important for the understanding of infection risk with
other viruses. Hand-to-face contact is implicated in trans-
mission by the fecal-oral route (eg, norovirus and other gas-
trointestinal pathogens) and has been suggested to contrib-
ute to transmission of respiratory rhinovirus,19 influenza,20

and beta coronaviruses.42 This emphasizes the importance
of hand hygiene in schools.43

Limitations
Our trial has several limitations. It was impossible to blind
coders to treatment allocation. We provided the coders with
standardized training, a verification process to ensure cod-
ing reliability prior to initiating the study coding, and dem-
onstrated good interrater reliability of coding. Some stu-

Table 2. Adjusted Analyses of the Impact of Face Mask Wearing on the Primary
and Secondary Outcomes in the Simulated School Environment

Outcome

No. of events (rate or risk)a

Rate ratio or risk ratio (95% CI) P valueMask group Control group
Students, No. 87 84 NA NA

Hours, No. 172.6 168.0 NA NA

Hand-to-face contacts 15 224 (88.2) 14 560 (88.7) 1.00 (0.78-1.28) >.99

Hand-to-mucosa contactsb 719 (4.2) 4503 (26.8) 0.12 (0.07-0.21) NA

Hand-to-nonmucosa contacts 14 368 (84.4) 9757 (58.1) 1.40 (1.08-1.82) NA

Hand-to-mask contactsc 10 401 (60.3) 2383 (14.2) 16.43 (2.49-103.73) NA

Hand-to-other face contactsc 3635 (21.1) 7176 (42.7) 0.46 (0.33-0.65) NA

Hand holding 0 0 NA NA

Mask removals 102 (0.6) NA NA NA

Abbreviation: NA, not applicable.
a Rates are mean numbers of events

per hour of observation time; risks
are percentages.

b Most of hand-to-mucosa contacts
were mouth/nose contacts with no
difference in eye contact between
groups (eTable 3 in Supplement 1).

c Posthoc analyses to demonstrate
the breakdown of
hand-to-nonmucosa contacts
between groups.

Figure 2. Distribution of Number of Hand-to-Face Contacts by Mask Group and Control Group
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dents in the unmasked group wore masks for variable
periods of time during the study period, such as periods of
movement within the school. However, sensitivity analyses
removing those participants that did not adhere to their
allocation for more than 70% of the time did not demon-
strate a difference in results. Additionally, our results may
not be generalizable to children who require additional
resources, for example, children with medical needs.

Conclusions

In conclusion, in this clinical trial, wearing face masks in a simu-
lated school environment did not result in more hand-to-face
contacts. These findings suggest that face mask wearing by chil-
dren in schools, it is unlikely to lead to increased infection risk
through self-inoculation.
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