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Abstract
Background—Viral upper respiratory infections have been implicated as a major cause of
asthma exacerbations among school age children. Regular hand washing is the most effective
method to prevent the spread of viral respiratory infections but, effective hand washing practices
are difficult to establish in schools.

Objectives—This randomized controlled trial evaluated whether a standardized regimen of hand
washing plus alcohol-based hand sanitizer could reduce asthma exacerbations more than schools’
usual hand hygiene practices.

Methods—This was a two year, community-based, randomized controlled crossover trial.
Schools were randomized to usual care then intervention (Sequence 1) or intervention then usual
care (Sequence 2). Intervention schools were provided with alcohol-based hand sanitizer, hand
soap, and hand hygiene education. The primary outcome was the proportion of students
experiencing an asthma exacerbation each month. Generalized estimating equations were used to
model the difference in the marginal rate of exacerbations between sequences while controlling for
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individual demographic factors and the correlation within each student and between students
within each school.

Results—527 students with asthma were enrolled among 31 schools. The hand hygiene
intervention did not reduce the number of asthma exacerbations as compared to the schools’ usual
hand hygiene practices (p=0.132). There was a strong temporal trend as both sequences
experienced fewer exacerbations during Year 2 as compared to Year 1 (p<0.001).

Conclusions—While the intervention was not found to be effective, the results were
confounded by the H1N1 influenza pandemic that resulted in substantially increased hand hygiene
behaviors and resources in usual care schools. Therefore, these results should be viewed
cautiously.
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Introduction
Poor asthma control among children is a well documented public health problem.1, 2 It
causes respiratory symptoms, limits physical activity, and leads to missed school days and
parental work absenteeism.3, 4 As a result of poor control, many children experience
frequent asthma exacerbations that lead to urgent care visits, emergency department visits
and hospitalizations.1, 2 Among school-age children, the direct and indirect costs attributable
to these exacerbation-related outcomes exceed two billion dollars annually.5

Exacerbations have a clear seasonal pattern with most occurring shortly after the summer
break from school.6–9 Viral upper respiratory infections have been implicated as the primary
cause for this striking seasonal pattern.9–14 Regular hand washing is the most effective
method to prevent the spread of viral respiratory infections;15, 16 unfortunately, effective
hand washing practices are difficult to establish in schools.17, 18 Barriers include inadequate
time, insufficient soap or paper towels and inconveniently located sinks.19–21 A 1998 report
of mid-Atlantic elementary school restrooms observed that 66% of soap dispensers were
nonfunctional or insufficiently filled and 33% of automatic hand dryers were inoperable.22

A 2009 study of primary and secondary school restrooms in New Mexico reported that soap
and hand drying materials were available in 90% of restrooms, but hand sanitizer was
reported in fewer than 2%.23

To overcome these barriers, some schools have adopted antimicrobial rinse-free hand
sanitizers.18, 24–26 Several studies suggest that hand sanitizer use reduces overall infection-
related absenteeism among elementary school students by 20–50%, 18, 19, 25–27 respiratory
illnesses by 30–50%,18, 25, 27 and teacher absenteeism by 10%.26 When used in the home,
hand sanitizer has been shown to reduce asthma exacerbations in children and respiratory
illnesses among family members.17, 28 Despite these findings, a recent Cochrane review did
not find evidence to support the incremental effectiveness of hand sanitizer use over that of
hand washing alone.15 Despite prior studies of school-based hand sanitizer use suggesting a
beneficial effect, a systematic review by Meadows and Le Saux (2004) recommended
interpreting the results cautiously as significant limitations in study design were present. 29

To determine if a standardized regimen of hand washing plus alcohol-based hand sanitizer
use could reduce asthma exacerbations more than schools’ usual hand hygiene practices, we
conducted a randomized controlled trial comparing the two in a large county school system
in Birmingham, Alabama.
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Methods
This study was a community-based, randomized crossover trial that compared a
standardized two-step hand hygiene program (intervention) with schools’ typical hand
hygiene practices (usual care). The study was conducted in a single county school district
comprising 31 elementary schools and 17,000 students. Approximately, 70% of the district’s
enrolled students were white and 30% were black; 33% of students were eligible for free or
reduced lunches. The intervention occurred at the school level and was therefore delivered
to all 17,000 children. However, study participants on whom data were collected was limited
to children with asthma.

After being matched on size and percent of students eligible for free and reduced lunch,
individual schools were randomized to receive usual care then intervention (Sequence 1) or
intervention then usual care (Sequence 2). The project statistician generated the allocation
sequence and assigned schools to sequence. The sequence was concealed until the
intervention group was assigned. Children and school employees were not blinded to group
assignment but investigators and study staff conducting phone interviews were. The study
took place over two school years (10 month August through May period) with the cross-over
occurring during the summer break between the first and second school year. Advantages of
the crossover design included the ability to control for the seasonal pattern of respiratory
illnesses and the ability to avoid assigning some schools to the non-intervention control for
the duration of the study. Although the crossover design introduced the potential for
carryover effects, the 10 week summer break was thought to be of sufficient length to
minimize this possibility as many studies indicate compliance with hand hygiene is low
without continued reinforcement.30–32

The two-step hand hygiene intervention included regular hand washing with soap and water
supplemented by hand sanitizer use. Intervention schools were provided with alcohol-based
hand sanitizer, hand soap, and refills manufactured by GOJO® at no cost. The soap was a
fragrance- and dye-free foam solution and the hand sanitizer was a 62% ethyl alcohol foam
solution. Study personnel installed hand soap dispensers in the schools’ restrooms and
provided disposable hand sanitizer bottles for use in all restrooms, health rooms, and
classrooms. The study protocol called for the removal of all hand sanitizer bottles as well as
the hand soap dispensers from Sequence 2 schools after the intervention but, we agreed to
leave the dispensers in the schools at the request of school officials. However, no hand soap
refills were provided for these dispensers during the usual care period. Hand hygiene
education was provided using The Centers for Disease Control and Prevention’s School
Network for Absenteeism Prevention (SNAP) program.33 Hand washing with soap and
water was promoted after using the restroom and when visible dirt was present on the
hands.34 Hand sanitizer use was promoted upon arrival in the classroom, before lunch, after
using the restroom, and after sneezing or coughing. Hand hygiene education was provided to
intervention schools at the start of the school year and was reinforced monthly. The study
did not provide usual care schools with hand hygiene education or supplies. Usual care
practices were of differing quality and frequency; most usual care schools included hand
sanitizer as a personal item on the students’ supply list.

Only students with asthma were enrolled as study participants. These students were enrolled
by the study coordinator prior to the determination of the schools’ sequence assignment.
Students were recruited by school nurses and referred to the study coordinator if they (1)
attended one of the participating schools, (2) had physician diagnosed asthma, and (3) were
capable of using a peak flow meter. Written informed consent was obtained from parents
and written assent was obtained from the students. The study was approved and monitored
by the Institutional Review Boards at the University of Alabama at Birmingham and the

Gerald et al. Page 3

J Allergy Clin Immunol. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



University of Arizona. A Data Safety and Monitoring Board monitored participant safety
and adverse events.

The primary outcome was the proportion of students experiencing an asthma exacerbation
each month as defined as one or more of the following: (1) a red (<50% of personal best) or
yellow (50–70% of personal best) peak flow meter reading, (2) increased use of quick relief
medication from baseline (≥ 4 puffs), or (3) a respiratory-related school absence.35 A web-
based monitoring system (Asthma Agents) developed in collaboration with Blue Cross and
Blue Shield of Alabama was used to collect daily data.35, 36 Peak flow meter readings and
school absences were recorded daily by students and verified by teachers and/or school
nurses. Quick relief medication (Proventil® HFA) for in-school use was provided at no cost
to all children enrolled in the study by Schering–Plough, a company now owned by Merck
and Co, Inc. A Doser™ was attached to each student’s inhaler to record actuations;
actuations were documented every two weeks by study staff. Other variables of interest
including age, gender, race, asthma severity, quality of life, asthma control and household
smoking exposure were collected during bi-annual phone interviews with parents. The study
physician determined asthma severity.

The number of hand soap and hand sanitizer refills was predicted based on the amount
dispensed per actuation, the recommended hand hygiene schedule, the school enrollment,
and the school environment (number of bathroom and classroom sinks). The total predicted
number of bottles of sanitizer per school was calculated as the number of recommended uses
per day (5) times the total number of children and staff times the total number of school days
(180) divided by the number of uses per bottle (669). The total predicted number of bottles
of hand soap was calculated as the number of recommended uses per day (4) times the total
number of children and staff times the total number of school days (180) divided by the
number of uses per bottle (5000). Refills were stored in the housekeeping office at each
school and custodial staff recorded refill dates. The total amount of product provided to each
school was also monitored. Monthly assessments inventoried the type of hand hygiene
supplies that were available at each school, recorded the hand drying mechanism, monitored
the hand hygiene instructions, evaluated general cleanliness, and assessed structural
conditions.

Data from the Asthma Agents system and the Doser™ were used to calculate the proportion
of students in each group who experienced an exacerbation. Generalized estimating
equations were used to determine whether the frequency of exacerbations and marginal rates
of exacerbations, defined as the proportion of students within each school who experienced
at least one asthma exacerbation each month, differed between the sequences, while
allowing for correlation between observations within each student and between students
within each school. Adjustment for individual factors such as the student’s age, race, gender
and asthma severity were made and a sensitivity analysis was conducted by adjusting for
baseline controller therapy. A negative binomial distribution was assumed for assessing the
difference in asthma exacerbation frequency while the binomial distribution was assumed
for testing the difference in the proportion of children having at least one exacerbation. All
analyses were done using SAS Version 9.2.

Power was calculated based on the frequency of exacerbations EPACs observed among the
children in our previous school-based study.35 We fixed the sample size and examined a
range of magnitudes for the decrease in EPACs due to the intervention, assuming a varying
number of children in each school and a varying decrease in the frequency of EPACs due to
the intervention. We determined that we would have moderate power (74%) to detect a
decrease of 7.5%, even with our smallest projected sample size (average of 14 children per
school). If the decrease was as large as 10%, we would have over 90% power to detect this
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difference. If a carryover effect was observed, we would have slightly over 70% power each
year to detect a decrease of 10%, and over 80% power to detect a decrease of 12.5% in each
year. We had an average of 17 children per school.

Results
Students with asthma were recruited from January through May of 2009. Schools were
randomized in June of 2009 and the intervention began for Sequence 1 schools in August of
2009 and continued through May of 2010. Crossover occurred during the summer break and
the intervention began for Sequence 2 schools in August of 2010 and continued through
May 2011. Study recruitment, enrollment and drop-out are presented in Figure 1. 527
students with asthma were enrolled among 16 schools randomized to Sequence 1 and 15
schools randomized to Sequence 2. The students’ mean age was 8.9 years (1.8 SD). Sixty
percent of students were male, 50% were white, 94% were non-Hispanic, 45% reported
baseline daily inhaled corticosteroid use, and 50% qualified for free or reduced lunch. (Table
1) Sequence 1 schools (61.8%) had a higher percentage of white students than Sequence 2
schools (39.8%, p<0.01); otherwise, all measured characteristics were similar across the 2
sequences.

Transfer to a non-participating school accounted for the majority of study withdrawal: 35 of
41 (85%) students in Sequence 1 and 58 of 66 (88%) students in Sequence 2. Fewer students
withdrew from Sequence 1 than Sequence 2, but this was not statistically significant
(p=0.06). A higher percentage of white students (61%) dropped out of Sequence 1 as
compared to Sequence 2 (39%, p=0.03) which was likely attributable to the higher
proportion of white students in Sequence 1. Otherwise, the characteristics of the students
who dropped-out did not differ by sequence assignment. Sixteen students transferred to a
school with a different sequence assignment; these children were analyzed according to their
initial assignment. The analytic sample comprised the 420 students who completed the
study: 192 of 233 (82%) assigned to Sequence 1 and 228 of 294 (78%) assigned to Sequence
2.

Of the 126,419 expected daily diary reports, 15% were missing the student’s asthma
symptoms and 4% were missing the student’s peak flow meter reading. None of the reports
for the student’s albuterol use were missing. (Table 2) Of the 7,326 reported absences, 3%
were missing the reason for the absence. Sequence 1 students were more likely to have
missing symptoms, peak flow meter readings, and absence reasons than Sequence 2 students
(all p values <0.0001); however, the absolute magnitude of these differences was small.

Overall, schools requested 63% (9,319/25,187) fewer hand sanitizer refills than predicted;
however, they requested 77% (4,913/2,782) more hand soap refills. The ratio of observed
versus predicted hand sanitizer refills was lower for Sequence 1 schools as compared to
Sequence 2 schools (p=0.03; 34% of predicted versus 44% of predicted), but the ratio of
observed versus predicted hand soap refills was similar between them (p=0.31; 184% of
predicted versus 221% of predicted). Hand soap dispensers were more likely to be
operational during intervention years in both sequences (both p<0.001). (Table 3) Bathroom
hand soap was more likely to be available during the intervention year in Sequence 1
(p<0.001), but not in Sequence 2 (p=0.65). Classroom hand soap was more likely to be
available during intervention years in both sequences (both p<0.001). Hand sanitizer was
similarly available during intervention and usual care years in Sequence 1 (p=0.613), but it
was more likely to be available during the intervention year in Sequence 2 (p<0.001). After
Sequence 1 schools transitioned from usual care to the two-step intervention, more hand
soap dispensers were operational (p<0.001) and more hand soap and hand sanitizer were
available (all p ≤0.001) during the second year. (Table 3) After Sequence 2 schools
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transitioned from the two-step intervention to usual care, there were fewer functional
dispensers (p<0.001) and less hand soap in the classrooms (p<0.001), but equal amounts of
hand soap in the bathrooms (p=0.931) and hand sanitizer in the classrooms (p=0.089) during
the second year. No adverse events related to hand sanitizer use were reported during the
study.

Chi-square tests showed that the number of monthly asthma exacerbations were similar for
students assigned to the two-step intervention and usual care during Years 1 and 2 except for
a single month in November 2009 (Year 1) where a greater percent of students in the two-
step intervention (36%) had exacerbations than students in usual care (27%; p=0.03). (Table
4) During this month, a greater percentage of students in the two-step intervention
experienced a respiratory absence (15% vs. 9%, p=0.04) and a greater percentage had
elevated albuterol use (13% vs. 4%, p=0.001); however, the percent with a red/yellow peak
flow meter reading were similar (23% vs. 19%, p=0.29). (Table 5).

Overall, the two-step hand hygiene intervention did not reduce the number of asthma
exacerbations as compared to the schools’ usual hand hygiene practices (p=0.132). There
was a strong temporal trend as both sequences experienced fewer exacerbations during Year
2 as compared to Year 1 (p<0.001). (Figure 2) Given a non-significant intervention and year
interaction term (p=0.551), no evidence of a carryover effect between Year 1 and Year 2
was observed. We also examined the data for year two separately and observed no treatment
effect (p=0.82) and adjusting for controller medication at baseline did not change any of the
results.

Discussion
Providing hand hygiene education plus hand washing and hand sanitizer supplies to
elementary schools did not reduce exacerbations among students with asthma more than
usual care practices. While the intervention increased the proportion of operational hand
soap dispensers in bathrooms and the presence of hand soap and hand sanitizer in
classrooms, it did not increase the presence of hand soap in bathrooms. It is not surprising
that the intervention did not consistently increase bathroom hand soap presence as it was
highly prevalent within usual care schools, greater than 95% of all observations. While the
intervention increased the availability of hand sanitizer in classrooms, the increase was
modest, 77–81% of usual care observations versus 82–90% of intervention observations. All
hand sanitizer present within usual care classrooms was purchased by parents and teachers
and reflected their belief in its importance. Although the intervention was not found to be
effective, the results were confounded by unusual external events.

Prior to the start of the trial in the spring of 2009, the United States was in the initial stages
of an influenza A (H1N1) pandemic. By October of 2009, the CDC declared that H1N1 was
widespread in 46 of 50 states, including Alabama.37 Shortly thereafter, President Obama
declared a national emergency. The H1N1 pandemic was likely responsible for the temporal
trend where higher percentage of students experienced an exacerbation during Year 1
(2009–2010) as compared to Year 2 (2010–2011) in both sequences. For example, 41% of
enrolled children experienced an asthma exacerbation in October 2009 as compared to 25%
in October 2010. School age children were particularly susceptible during this H1N1
outbreak.38 An investigation of an elementary school outbreak in Pennsylvania noted that
children 5–10 years of age were most likely to report an influenza-like illness (24.5%); this
percentage was 4.6 times higher than that of adults 19–54 years of age.39 In Chicago,
children 5–14 years of age were noted to have the highest influenza-like illness attack rate
(147 per 100,00); this rate was 14 times higher than that of adults 60 years of age and
older.40
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During the H1N1 outbreak, the US public substantially increased its hand hygiene behaviors
including more frequent hand washing and hand sanitizer use.38, 41–43 An internet-based
survey with 70% of responding adults residing in the US indicated that 80% of adults
reported more frequent hand washing and 35% reported more frequent alcohol-based hand
sanitizer use.42 A survey of a large US public university revealed that 96% of college
students, faculty, and staff reported more frequent hand washing and 79% of students and
66% of faculty and staff reported more frequent hand sanitizer use.41 The H1NI outbreak
served as a strong external intervention that increased hand hygiene behaviors in usual care
schools thereby diminishing the relative effectiveness of the intervention.

The public’s increased hand hygiene behaviors were reflected in US hand sanitizer sales. As
compared to the 3rd quarter of 2008, the 3rd quarter of 2009 saw a three-fold increase in the
amount of hand sanitizer shipped in the US, 1 million versus 3 million kilograms,
respectively.44 Sales of Purell® brand hand sanitizer were 50% higher in August 2009 as
compared to August 2008.45 In the 24 weeks ending October 3rd 2009, dollar sales of hand
sanitizer were 71% ($118.4 million) higher than the same 24 week period in 2008.46 These
data provide strong evidence that the amount of hand sanitizer present in usual care schools,
particularly in 2009, was probably much higher than ever before.

Our trial is not the only one that has failed to establish a clear incremental benefit from hand
sanitizer use. Despite encouraging early data,19, 26 subsequent school-based trials have been
unable to demonstrate the benefits of adding an alcohol-based hand sanitizer to a school’s
typical hand washing practices.28, 47 Two recent reviews question whether hand sanitizer
adds any benefit over hand washing alone when attempting to reduce respiratory illnesses in
general15 or influenza in particular.48 Both reviews noted that design limitations associated
with the early, more favorable studies could have led to confounding. Two school-based
studies that have used a non-alcohol hand sanitizer (benzalkonium chloride) have reported
25–40% reductions in illness-related absences among elementary students.27, 49 However,
these studies also suffer from similar limitations, particularly the lack of a placebo control.

Our original study design utilized a benzalkonium chloride containing hand sanitizer and
accompanying placebo; however, we subsequently adopted an alcohol-based product
because of several concerns.50 Several laboratory studies published after the grant award
suggested several safety concerns regarding benzalkonium chloride use.51–54 Because we
were unable to obtain a suitable placebo for our alcohol-based hand sanitizer, we abandoned
the placebo control for a usual care control with. Ultimately, this design change in
conjunction with the increased hand hygiene behaviors associated with the H1N1 outbreak
created contamination between the intervention and control schools thereby limiting our
ability to detect an incremental benefit from hand sanitizer use.

Given H1N1’s impact on our study, it is important to consider evidence supporting hand
hygiene as a mechanism to reduce influenza transmission.55–57 In Hong Kong, frequent
hand washing plus hand sanitizer use failed to reduce secondary influenza transmission
among 407 households containing a confirmed influenza case.55 During the 2009–2010
pandemic in Germany, a similar pattern was observed among 84 households where frequent
hand washing plus hand sanitizer use failed to reduce influenza transmission.56. However,
both studies demonstrated that hand washing, hand sanitizer, plus facemask use could
reduce secondary transmission by 67–85% if instituted within 36 hours of the diagnosis. A
cluster randomized trial of Michigan college students during the 2007–2008 influenza
season failed to demonstrate a reduction in influenza cases among students assigned to either
hand washing plus hand sanitizer use or hand washing, hand sanitizer, plus facemask use.57
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Despite repeated attempts, it has been difficult to demonstrate that hand sanitizer when
added to a regular hand washing reduces respiratory infections. Given the substantial
economic and non-economic costs associated with respiratory illnesses, it is important to
know if expending resources on hand sanitizer is beneficial. The ability to answer this
question using a community-based trial is hampered by a myriad of threats to internal
validity including non-adherence, non-response, cross-over, drop-out, and inadequate
blinding.29 Unfortunately, we were unable to adequately account for these challenges in this
study. Based on these limitations, our study results should be viewed cautiously.
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Clinical Implications

It is unclear whether hand sanitizer, when added to hand washing, reduces respiratory
infections and asthma exacerbations among children.
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Figure 1.
CONSORT diagram.
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Figure 2.
Change in percent of children experiencing an episode of poor asthma control from year 1 to
year 2 by treatment group.

Gerald et al. Page 14

J Allergy Clin Immunol. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Gerald et al. Page 15

Table 1

Baseline Participant Characteristics Overall and by Sequence Assignment

Overall (N=420)
Sequence 1 (UC to Two Step)

(n=192)
Sequence 2 (Two Step to UC)

(n=228) p Value

Schools, (n) 31 16 15 -

Nurse Type, (n)

 Full Time Roving 5 2 3

 Full Time 17 11 6

 None 9 3 6 0.30

Enrollment, (n) 527 233 294 -

Age, yrs (SD) 8.9 (1.8) 8.9 (2.0) 9.0 (1.7) 0.92

Gender (male) 316 (60.0) 134 (57.5) 182 (61.9) 0.31

Race, n (%)

 White 261 (49.5) 144 (61.8) 117 (39.8)

 African-American 253 (48.0) 84 (36.1) 169 (57.5) <0.01

 Mixed 2 (0.4) 1 (0.4) 1 (0.3)

 Other 11 (2.1) 4 (1.7) 4 (2.4)

Ethnicity, n (%)

 Hispanic 4 (0.8) 2 (0.9) 2 (0.7)
0.31

 Non-Hispanic 495 (93.9) 217 (93.1) 278 (94.6)

 Missing 28 (5.3) 14 (6.0) 14 (4.8)

Baseline ICS use, n (%) 236 (44.8) 104 (44.6) 132 (44.9) 0.95

Free/Reduced lunch, n (%) 232 (50.4) 100 (47.4) 132 (53.0) 0.23

ICS, inhaled corticosteroid; UC, usual care
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Table 2

Availability of Primary Outcome Data Overall and by Sequence Assignment

Overall
N (%)

Sequence 1 (UC to Two Step)
n (%)

Sequence 2 (Two Step to UC)
n (%) p Value

Teacher Reports 126,419 (100) 58,715 (100) 67,704 (100) -

 Missing symptoms 19,311 (15.3) 10,129 (17.3) 9,182 (13.6) <0.0001

 Missing PFM value 5,153 (4.1) 3,679 (6.3) 1,474 (2.2) <0.0001

 Missing albuterol use 0 0 0 -

School Absences 7,326 (100) 3,419 (100) 3,907 (100) -

 Missing reason 224 (3.1) 165 (4.8) 59 (1.5) <0.0001

PFM, peak flow meter; UC, usual care
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Table 3

Operational Status of Hand Soap Dispensers and Availability of Hand Soap and Hand Sanitizer by Year and
Sequence Assignment

Year 1
UC vs. Two Step

Year 2
UC vs. Two Step

Sequence 1
Yr 1 vs. Yr 2

Sequence 2
Yr 1 vs. Yr 2

Operational hand soap dispensers 74.1% vs. 88.2%
p<0.001

67.8% vs. 94.8%
p<0.0001

74.1% vs. 94.8%
p<0.0001

88.2% vs. 67.8%
p<0.0001

Hand soap, bathrooms 96.3% vs.99.7%
p=0.001

99.7% vs. 100%
p=0.646

96.3% vs. 100%
p=0.0002

99.7% vs. 99.7%
p=0.931

Hand soap, classrooms 77.6% vs.97.4%
p<0.0001

85.0% vs. 98.9%
p<0.0001

77.6% vs. 98.9%
p<0.0001

97.4% vs. 85.0%
p<0.0001

Hand sanitizer, classrooms 80.6% vs.82.1%
p=0.613

76.9% vs. 90.6%
p<0.001

80.6% vs. 90.6%
p=0.0001

82.1% vs. 76.9%
p=0.089
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