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Abstract
Background—Laboratory-based evidence is lacking regarding the efficacy of non-
pharmaceutical interventions such as alcohol-based hand sanitizer and respiratory hygiene to
reduce the spread of influenza.

Methods—The Pittsburgh Influenza Prevention Project was a cluster-randomized trial conducted
in ten Pittsburgh, PA elementary schools during the 2007-2008 influenza season. Children in five
intervention schools received training in hand and respiratory hygiene, and were provided and
encouraged to use hand sanitizer regularly. Children in five schools acted as controls. Children
with influenza-like illness were tested for influenza A and B by RT-PCR.

Results—3360 children participated. Using RT-PCR, 54 cases of influenza A and 50 cases of
influenza B were detected. We found no significant effect of the intervention on the primary study
outcome of all laboratory confirmed influenza cases (IRR 0.81 95% CI 0.54, 1.23). However, we
did find statistically significant differences in protocol-specified ancillary outcomes. Children in
intervention schools had significantly fewer laboratory-confirmed influenza A infections than
children in control schools, with an adjusted IRR of 0.48 (95% CI 0.26, 0.87). Total absent
episodes were also significantly lower among the intervention group than among the control
group; adjusted IRR 0.74 (95% CI 0.56, 0.97).

Conclusions—Non-pharmaceutical interventions (respiratory hygiene education and the regular
use of hand sanitizer) did not reduce total laboratory confirmed influenza. However the
interventions did reduce school total absence episodes by 26% and laboratory-confirmed influenza
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A infections by 52%. Our results suggest that NPIs can be an important adjunct to influenza
vaccination programs to reduce the number of influenza A infections among children.
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Introduction
School-aged children were heavily affected by the recent 2009-10 H1N1 pandemic(1) and
are considered an important source of influenza transmission during pandemic and seasonal
epidemics(2). One study carried out during seasonal epidemics demonstrated that school-age
children were the first group to show increases in culture-positive influenza, followed by
preschool children, then adults(3). Viboud et al(4) found that 24% of household contacts
developed symptoms consistent with influenza within 5 days of illness onset among infected
children.

Studies also suggest that alcohol-based hand sanitizer either by itself or in combination with
other hygiene measures is effective at reducing absenteeism and reports of respiratory and
gastrointestinal illness(5,6,7,8,9). However, no studies have measured the effectiveness of
school-based NPIs in reducing the risk of laboratory-confirmed influenza A or B. Non-
pharmaceutical interventions (NPIs) are recommended by the World Health Organization
and the Centers for Disease Control and Prevention (CDC) to prevent the spread of
influenza(10). These measures – especially when combined as a “set” of activities – take on
even greater importance when influenza vaccine is either not available or in short supply, or
when vaccine effectiveness may be reduced due to the emergence of a new strain. Cough
etiquette and hand hygiene are appealing NPIs because they are inexpensive, straightforward
to implement, and inclusive of participants.

Methods
Study population and design

The Pittsburgh Influenza Prevention Project (PIPP), a cluster-randomized trial, was designed
to assess the impact of NPIs on the incidence of laboratory-confirmed influenza A/B
infections among children in ten Pittsburgh K-5 elementary schools. A cluster design was
adopted due to logistical constraints of performing the intervention within smaller units of
each school and to reduce intervention-control crossover.

Thirteen Pittsburgh elementary schools expressed interest; the largest 10 were selected and
assigned to either intervention or control arms by a constrained randomization algorithm
using data from the 2006-2007 school year. The random allocation to two arms was created
by Dr. Cummings and concealed until intervention assignment. Five schools were
randomized to each group, balancing covariates that might be associated with the primary
outcome while maintaining an unbiased and valid randomization(11). All enrolled students
that were on the school roster at the beginning and end of the school year were considered
eligible for the study. Parents and guardians were educated about the study at the beginning
of the school year and were given the opportunity to decline participation. Blinding of
assignment to the intervention or control group was not possible because of the nature of the
intervention.

The primary outcome was an absence episode associated with an influenza-like illness (ILI)
that was subsequently laboratory confirmed as influenza A or B. The following CDC
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definition for ILI was used: fever ≥38°C with sore throat or cough(12). An absence episode
was one or more contiguous absent school days during the study period. The secondary
outcomes included absence episodes and cumulative days of absence due to ILI, any illness,
and all causes. Absence surveillance and the intervention were carried out from 11/1/07
through 4/24/08. Influenza testing of absent students with ILI was performed only during the
influenza season; the start of which was determined to be 1/7/2008, based on input from the
Allegheny County Health Department combined with results from regional public health
laboratories and surveillance systems. Testing stopped on 4/17/08 after no positive test
results were obtained for two weeks combined with agreement from local and state public
health departments that the flu season was over. This period of influenza testing
corresponded precisely with the weeks when greater than 10% of specimens submitted to the
US National Respiratory and Enteric Virus Surveillance System were positive for
influenza(13).

Sample size was calculated on the basis of the primary outcome and was chosen to detect a
40% difference in the cumulative incidence of laboratory confirmed influenza among the
intervention group compared with the controls assuming 0.05 probability of Type I error and
0.20 probability of Type II error. Sample size was adjusted to account for intra-cluster
correlation by methods described by Hayes and Bennett(19). We assumed that: 1) 5% of
school children would opt out; 2) 24% of children would experience a respiratory illness that
met the ILI definition, 3) 90% of influenza illnesses would occur during the testing period;
4) 75% of the children with influenza-associated ILIs would be tested in a timely manner;
and 5) 75% of the influenza infections would test positive using RT-PCR(14,15,16,17,18).
We also assumed a coefficient of variation of the true rates between clusters within each
group of 0.1 and estimated 10 schools were needed(19). Interim analyses were not
conducted and early stopping criteria were not specified.

The protocol was approved by the Institutional Review Boards (IRB) at both the University
of Pittsburgh and the Pittsburgh Public Schools.

Intervention
A set of NPIs, “WHACK the Flu”, was implemented in intervention schools, with
permission from the City of Berkeley Public Health Division, who developed this program.
The intervention was modified to add “or sanitize” to the “W” line to read: (W)ash or
sanitize your hands often; (H)ome is where you stay when you are sick; (A)void touching
your eyes, nose and mouth; (C)over your coughs and sneezes; and (K)eep your distance
from sick people(20). The intervention was targeted to all students within intervention
schools.

Prior to implementation of the set of NPIs (11/1/07), project staff conducted grade-specific
45 minute presentations at intervention schools regarding influenza, “WHACK the Flu”
concepts, and proper hand washing technique and sanitizer use. Hand sanitizer dispensers
with 62% alcohol-based hand sanitizer from Purell® (GOJO Industries, Inc, Akron, OH)
were installed in each classroom and all major common areas of intervention schools. A goal
of four uses per day – upon arrival, before and after lunch, and prior to departure – was
taught to students. They were also encouraged to wash hands and/or use additional doses of
hand sanitizer as needed. At the onset of the influenza season in January 2008, project staff
provided “refresher” trainings at each intervention school. Homeroom teachers were
included in both presentations and were asked to reinforce the message and to monitor
proper use of hand sanitizer.

Utilization of the intervention was measured in two ways: 1) teachers in classrooms were
surveyed regarding observed NPI-related behavior in their students before, during, and after
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influenza season; and 2) the amount of hand sanitizer used was measured at two week
intervals throughout the intervention period.

Detection of Absenteeism, Illness and Infection
Absence surveillance was the primary mechanism for identification of illness in all schools.
Outreach workers collected a daily census of absent students from each school. Project
personnel then attempted to contact participating parents/guardians within 36 hours to
determine the reason for absence, and a tiered questionnaire was administered to collect
symptom information. If the ILI definition was met, consent/assent was sought to conduct a
home visit.

Within 24 hours of obtaining consent, staff conducted home visits to collect demographic
information, symptom data, and laboratory specimens. Two nasal swabs were obtained
using test manufacturer-approved sterile Dacron swabs. One swab was used for influenza
testing using the QuickVue® Influenza A+B test (Quidel Corp, San Diego, CA). The second
nasal swab was delivered on cold pack to the University of Pittsburgh Medical Center
Clinical Virology Laboratory, Pittsburgh, PA for RT-PCR testing (performed within 48
hours). The RT-PCR used viral nucleic acid extract (EasyMag; bioMerieux, Durham, NC)
and primer/probe sequences for influenza A, influenza B and influenza A H1 and H3
subtypes (CDC, Atlanta GA). The probes were labeled with 6FAM, CAL Fluor Red 590, or
Quasar670 reporter dyes (Biosearch Technologies, Novato, CA). An equine arteritis virus
internal positive control was included in all assays.

One parent/guardian of the child participating in the home visit was compensated with a $50
grocery store gift card. If their child tested positive for influenza by RT-PCR, they were
notified and asked to complete a follow-up survey regarding symptoms of other household
members. Data were entered into laptop computers in the field, and were stored in a local
Access® (Microsoft Corp, Redmond, WA) database. Data were transferred each night to a
secure server at the University of Pittsburgh’s Epidemiology Data Center for storage.

Analysis
Demographic characteristics of children in each study arm were tabulated using percentages
for discrete variables, means and medians for continuous variables, and compared using χ2

tests or t-tests respectively(21). Because each individual could experience multiple
outcomes, cumulative incidence rates were modeled as Poisson variables. The mean and
dispersion of each of the outcome variables were calculated to detect over-dispersion. For
outcomes that were determined to be over-dispersed, an additional analysis in which these
outcomes were modeled as negative binomial variables was performed(22). To compare
cumulative incidences of each outcome in the intervention and control groups, a generalized
linear mixed model with a random effect included for school was used to account for
clustering of outcomes within schools. Adjustment of outcomes due to differences between
study arms in grade distribution, class size, percentage of students receiving school lunch,
and race was performed by including these covariates in the generalized linear mixed model.
All reported p-values were two-sided and 95% confidence intervals were calculated using
the standard errors of estimated coefficients of the linear mixed model. Goodness of fit of
linear models was assessed using Akaike’s Information Criteria. Analyses were performed
using the R statistical package - and SAS in the case of negative binomial regression(23,24).

Results
A total of 3360 students participated throughout the study period (Figure 1A). During
influenza season, there were 6569 absence episodes. A reason for absence was determined in
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2246 cases (34%). Among the remaining 66% of cases, reasons for absence could not be
attained due to failed contact with an adult respondent. Reason for failed contact included
inaccurate or disconnected contact numbers, non-response by the parent/guardian to
repeated phone calls/messages, or unwillingness to provide a reason for the child’s absence.
Of the 2246 absences for which a reason was identified, 1107 (49%) were due to an illness
of which 361 (33%) met the criteria for ILI, and 279 (77%) had home visits and were tested
for influenza (Figure 1B).

Figure 2 displays the total number of laboratory confirmed influenza A and B cases in both
intervention and control schools. 104 (37%) had a positive RT-PCR test for either influenza
A or B. One child tested positive for both A and B (at different times). Of the 104 positive
test results, 51 were in the intervention and 53 in the control group. Overall, 54 of the cases
had influenza A (20 intervention, 34 control) and 50 had influenza B (31 intervention, 19
control). A temporal shift is noted, in that the peak of influenza B follows that of influenza
A by approximately 4 weeks. This pattern was consistent with both county and state
influenza surveillance data. On average, students used hand sanitizer (1 dose = 0.6 ml of
automatically dispensed hand sanitizer) 2.4 times per day in intervention schools. In
addition, teacher surveys of observed classroom NPI behavior indicated that students in
intervention schools successfully adopted and maintained NPI behaviors throughout
influenza season. Students in control schools had rates of NPI usage similar to the pre-
season rates in the intervention schools (25).

In spite of the initial constrained randomization, differences between the intervention and
control cohorts were noted with regards to age, race, and participation in school lunch
programs (see Table, Supplemental Digital Content 1), and were taken into consideration in
the analysis. With adjustments for grade level, class size, the percentage of school students
receiving subsidized school lunch and the racial distribution of the school. Unadjusted and
adjusted incidence rate ratios (IRR) for all outcomes are presented in Supplemental Digital
Content 2 (table). We found no difference in the cumulative incidence of laboratory
confirmed influenza infections (both A and B) in the intervention compared with the control
group, after adjustment (IRR 0.81 95% CI 0.54, 1.23, p=0.33). A statistically significant
reduction in the cumulative incidence of absence episodes associated with influenza A
illness was found (IRR=0.48 95% CI 0.26, 0.87, p<0.02). We found no statistically
significant difference in the cumulative incidence of absence episodes due to influenza B
confirmed illness between the two study arms (IRR=1.45 95% CI 0.79, 2.67, p=0.23).

There were fewer absences in the intervention group than in the control group (4710 and
5462 respectively, IRR 0.74 95% CI 0.56, 0.97). The impact of our intervention on total
absences was greater in the first two quarters of implementation than in the last two (Q1:
0.68 95% CI (0.51, 0.91), Q2: 0.69 95% CI (0.49, 0.96), Q3: 0.91 95% CI (0.63, 1.30), and
Q4: 0.86 95% CI (0.59, 1.26)).

A consistent protective (if not statistically significant) effect of the intervention was found
for all outcomes except for laboratory confirmed influenza B (see Table, Supplemental
Digital Content 2). Total absences, illness-related absences during influenza season, and
illness-related absences during the intervention period were over-dispersed. The results
using a negative binomial model to fit these outcomes were very similar to coefficients
estimated from a Poisson model (Table 1). Similar results were found when using absent
days rather than absence episodes (Table 2). The intra-class correlation coefficient for the
primary outcome was found to be 0.01 (see Table, Supplemental Digital Content 1), less
than was used to estimate the sample size in the design phase, suggesting outcomes were
less clustered within schools than anticipated.
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Discussion
PIPP demonstrated that elementary school children using a set of school-based NPIs were
able to reduce the cumulative incidence of influenza A by 52% in (IRR=0.48 95% CI 0.26,
0.87) and absenteeism during the total intervention period by 26%. No statistically
significant reductions in influenza B or total influenza infections (A + B) were observed.
These data indicate that the “WHACK the Flu” intervention combined with regular use of
alcohol-based hand sanitizer may help to reduce the spread of influenza A among
elementary school children.

Our observation of no statistically significant difference between rates of total laboratory
confirmed influenza (A + B), though suggestive of a protective effect, was due in part to a
larger number of influenza B cases in the intervention group than in the control group. This
observation, though not statistically significant, was surprising. This variation might be due
to the fact that influenza B occurred almost entirely in the three youngest grades of our
schools, resulting in an effectively smaller sample size for influenza B than influenza A.

The observation of no effect on influenza B could be attributed to differences in the basic
biology and epidemiology of B compared with influenza A or to the fact that influenza B
infections occurred late in the season, after compliance with the intervention possibly had
waned (see Figure 2). It is worth noting that data from the sequential teacher observation
surveys did not show a significant reduction in NPI behaviors, but since these surveys were
months apart, it is possible that important changes were not detected. Another potential
reason that no difference was found may be because most influenza B occurred among
young children (K-3). This group may have complied with the intervention less effectively.

The influenza B outbreak began just as the preceding influenza A outbreak was peaking in
participating schools and throughout the region. It is possible that residual increased
interferon or other innate immunity from recent influenza A infections may have
disproportionately led to a temporary decrease in susceptibility to infection with other
viruses including influenza B in the control schools. Previous studies have provided
suggestive but not consistent results to this question, and further research is needed (26,27).

A limitation of this study was that the reasons for absence could be ascertained for only 34%
of absences. This resulted in the study being under-powered for most outcomes. Larger
studies during influenza seasons with different distributions of influenza A and B should be
performed to better understand these findings, to test for co-circulating viruses such as
influenza B, RSV, and others, and to assess the effectiveness of different combinations of
NPIs in different age groups.

This study demonstrated that a set of NPIs can be implemented successfully on a large scale
within urban schools to reduce absenteeism and the incidence of influenza A. Furthermore,
the results provide support for currently recommended respiratory hygiene behaviors during
seasonal and pandemic influenza outbreaks and should be included as part of an overall
prevention strategy to reduce the burden of influenza among school-aged children.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1a.
Enrollment, participation and follow-up of schools and students within schools
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Figure 1b.
Follow-up of absence periods
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figure 2.
Total number of laboratory confirmed influenza A and B cases in both intervention and
control schools.
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TABLE 1

Incidence Rate Ratios for Over Dispersed Episode Outcomes Using a Negative Binomial Mixed Model
Adjusted for Percentage of Students Receiving Subsidized Lunch (School Level), Percentage of Students
Within the School Who are White (School Level), Grade of Student (Grade Level), and Class Size (Class
Level)

Outcome Adjusted Incidence Rate Ratio
(95% CI)

P
(Intervention)

Total ILI during influenza season 0.85 (0.53, 1.38) 0.52

Total ILI during intervention 0.79 (0.43, 1.45) 0.45

Absence due to illness during
influenza season

0.85 (0.55, 1.33) 0.48

Absence due to illness during
intervention

0.75 (0.42, 1.32) 0.31

Total noninfluenza ILI during
influenza season

0.92 (0.50, 1.69) 0.79

Total absences during influenza
season

0.80 (0.56, 1.15) 0.22

Total absences during intervention 0.74 (0.53, 1.05) 0.09

CI indicates confidence interval; ILI, influenza-like illness.</.>
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TABLE 2

Incidence Rate Ratios for Absent Days Due to Indicated Reason Using a Poisson Mixed Model Adjusted for
Percentage of Students Receiving Subsidized Lunch (School Level), Percentage of Students Within the School
Who Are White (School Level), Grade of Student (Grade Level), and Class Size (Class Level)

Outcome Unadjusted
Incidence Rate
Ratio (95% CI)

P
(Intervention)

Adjusted
Incidence Rate
Ratio (95% CI)

P
(Intervention)

Laboratory-
confirmed

1.00 (0.52, 1.95) 0.98 0.82 (0.52,
1.28)

0.38

influenza illness

Laboratory-
confirmed

0.74 (0.37, 1.48) 0.40 0.61 (0.37,
1.01)

0.05

influenza A

Laboratory-
confirmed

1.44 (0.75, 2.77) 0.27 1.15 (0.66,
2.02)

0.62

influenza B

Total ILI during
influenza season

0.85 (0.49, 1.48) 0.57 0.83 (0.52,
1.34)

0.45

Total ILI during
intervention

0.78 (0.40, 1.54) 0.48 0.79 (0.44,
1.41)

0.42

Absence due to
illness during

0.88 (0.44, 1.74) 0.71 0.88 (0.59,
1.34)

0.56

influenza season

Absence due to
illness during
intervention

0.80 (0.41, 1.57) 0.52 0.78 (0.49,
1.25)

0.30

Total absences
during influenza
season

0.90 (0.64, 1.27) 0.55 0.81 (0.59,
1.10)

0.18

Total absences
during
intervention

0.82 (0.59, 1.14) 0.25 0.75 (0.56,
1.00)

0.05

CI indicates confidence interval; ILI, influenza-like illness.
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