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The presence of microorganisms on common classroom contact surfaces (fomites) was determined to identify the
areas most likely to become contaminated. Six elementary classrooms were divided into control and intervention
groups (cleaned daily with a quaternary ammonium wipe) and tested for heterotrophic bacteria. Three
classrooms were also tested for norovirus and influenza A virus. Frequently used fomites were the most
contaminated; water fountain toggles, pencil sharpeners, keyboards, and faucet handles were the most
bacterially contaminated; desktops, faucet handles, and paper towel dispensers were the most contaminated
with viruses. Influenza A virus was detected on up to 50% and norovirus on up to 22% of surfaces throughout
the day. Children in the control classrooms were 2.32 times more likely to report absenteeism due to illness
than children in the intervention classrooms and were absent longer (on average). Improved classroom hygiene
may reduce the incidence of infection and thus student absenteeism.
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INTRODUCTION

Bacteria and viruses may survive on environ-
mental surfaces and may subsequently be trans-
ferred to a person’s hands on contact. Microbial
survival on inanimate surfaces (fomites) depends
on a variety of factors including the species,
the relative humidity or moisture content, the
temperature, the surface materials and properties,
and, in the case of viruses, whether they are envel-
oped or nonenveloped. Nonenveloped viruses,
such as norovirus, are fairly stable in the environ-
ment (Barker, Stevens, & Bloomfield, 2001). For
instance, the nonenveloped human astroviruses
have been found to persist for up to 60 days on dry

nonporous surfaces and for up to 90 days on dry
porous surfaces (Abad et al., 2001). Enveloped
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viruses are less stable; nevertheless, the enveloped
influenza A virus may survive for up to 48 hr on
dry surfaces (Bean et al., 1982) and the enveloped
SARS coronavirus has been found to survive on
fomites for up to 96 hr (Duan et al., 2003).

‘‘Microbial survival on inanimate surfaces (fomites)
depends on a variety of factors including the species,

the relative humidity or moisture content, the tem-
perature, the surface materials and properties, and, in

the case of viruses, whether they are enveloped or
nonenveloped.’’

Bacteria tend to be found in higher numbers on
porous surfaces and under moist conditions
(Rusin, Maxwell, & Gerba, 2002). Transfer rates
of microbes to hands are more efficient from
hard, nonporous surfaces such as stainless steel
(Rheinbaben, Schünermann, Gross, & Wolff,
2000; Rusin et al., 2002). A 40% transfer rate was
observed for Escherichia coli from a nonporous
laminate surface to fingers in one study (Scott &
Bloomfield, 1990). Rusin et al. (2002) found bac-
terial transfer rates of 38.5% to 41.8% from the
telephone and rates of 27.6% to 40.0% from a sink
faucet handle to a person’s hand with minimal
contact times. In the study by Rheinbaben et al.
(2000), the bacteriophage FX174 was transferred
from an inoculated doorknob to 14 successive
people by contact and then to an additional six
successive persons through the shaking of hands.

The transfer of bacteria and viruses from
fomites to hands and from hands to fomites has
been demonstrated in numerous studies (Ansari,
Sattar, Springthorpe, Wells, & Tostowaryk, 1988;
Boyce, Potter-Bynoe, Chenevert, & King, 1997;
Bures, Fishbain, Uyehara, Parker, & Berg, 2000;
Manning, Archibald, Bell, Banerjee, & Jarvis,
2001; Rusin et al., 2002; Salvat, Toquin, Michel,
& Colin, 1995). Nevertheless, the contribution
of such microbial transfer to the spread of diseases
is unclear. In a study by Reynolds, Watt, Boone,
and Gerba (2005), 25 of 54 (46%) day care center
surfaces tested positive for human biochemical
markers (hemoglobin, urea, amylase) and 35 of
54 (65%) tested positive for protein levels greater
than 200 mg/ml, suggesting contamination by

blood, mucus, sweat, saliva, or urine. Rotavirus
has been found on 16% to 30% of surfaces in
day care centers (Butz, Fosarelli, Dick, Cusack,
& Yolken, 1993; Keswick, Pickering, DuPont, &
Woodward, 1983; Wilde, Pickering, Eiden, &
Yolken, 1992). In a study by Gwaltney and Hend-
ley (1982), over 50% of individuals became ill after
handling coffee cup handles and other objects that
had been contaminated with rhinovirus, strongly
suggesting transmission via fomites. In another
study, the detection of influenza virus on greater
than 50% of household and day care center
fomites correlated with the seasonal incidence of
disease in the community (Boone & Gerba,
2005).

MATERIALS AND METHODS

Classroom Intervention With Disinfecting

Wipes (DWs)

In the current study, DWs containing quatern-
ary ammonium were used daily to clean surfaces
in a set of intervention classrooms. In addition,
student illness and absenteeism records were kept
to determine the impact of DW use. This study
was undertaken to determine the levels of hetero-
trophic bacteria and the presence of norovirus and
influenza A virus on common nonporous class-
room surfaces and was not meant to be an epide-
miological study. Heterotrophic bacterial plate
counts (HPCs) were included as a general indica-
tor of microbiological quality of an environmental
surface to identify the areas in the classroom most
likely to become contaminated by microorgan-
isms. Norovirus and influenza A virus were
included as indicators of the potential for spread
of gastrointestinal and respiratory viruses via class-
room fomites.

Between January 26 and March 15, six elemen-
tary school classrooms (with a total of 148 students)
from one school in the Seattle, Washington, area
were included in an intervention study using qua-
ternary ammonium DW1 to determine whether the
regular use of DWs (Clorox Company, Oakland,
California) reduced bacterial levels. Teachers in
each classroom collected information regarding the
incidence of gastrointestinal and respiratory ill-
nesses (self-reported by the students) leading to
student absenteeism during this period. Following
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their return to the classrooms, the teachers inter-
viewed the students regarding the reason for the
absence to determine whether it was due to illness
or for other reasons. The teachers were given a list
of symptoms (e.g., coughing, sneezing, fever, head-
ache, sinus problems, sore throat, vomiting, abdom-
inal pain, diarrhea) to ask about to guide these
interviews.

There were three control classrooms (A, B, and
C) including Grades 5, 1, and 4, respectively. The
children’s age range was 6–11 years old across the
grades. The control classrooms did not receive any
DW intervention. Three classrooms (D, E, and F)
including Grades 5, 1, and a mixture of 3 and 4,
respectively, were included as intervention class-
rooms. Adult parent volunteers wiped all of the
test surfaces (i.e., all of the surfaces listed in
Table 1) with DW in the morning each weekday
prior to the arrival of the students. The use of such
DWs has been demonstrated to immediately
reduce bacterial numbers on surfaces in previous
experiments performed by our laboratory (Bright
& Rusin, 2003). Although the teachers were aware
of the intervention or the lack thereof, the stu-
dents in the intervention classrooms were unaware
of the DW being used in their classroom.

Surface Sampling and Enumeration of HPC Bacteria

A total of 12 different types of surfaces were
sampled in each classroom (Table 1). Multiple
desks, chair backs, computer keyboards, and com-
puter mice were included. Samples were collected

in the afternoons on January 26, February 2,
February 23, and March 8 in each classroom by
swabbing surfaces with BBL� CultureSwabs�
with Amies medium without charcoal (Becton
Dickinson, Franklin Lakes, New Jersey). The sam-
ples were placed on ice for transport back to the
laboratory. The bacterial numbers were enumer-
ated via the spread plate method on R2A medium
(Difco, Sparks, Maryland; American Public Health
Association [APHA], 2005), and the number of
HPC bacteria per square centimeter was then
calculated for each surface.

Norovirus and Influenza A Virus Detection on

Classroom Surfaces

Viral samples were collected on February 12 by
swabbing surfaces with BBL� CultureSwabs�
with Amies medium without charcoal (Becton
Dickinson, Franklin Lakes, New Jersey) in the
morning, at midday recess, and in the afternoon
in the three control classrooms A, B, and C. The
surfaces sampled were a subset of those previously
sampled for bacteria including student desktops,
sink faucet handles, paper towel dispenser han-
dles, soap dispenser levers, water fountain toggles,
and entrance doorknobs. Only the classroom sur-
faces expected to have higher bacterial loads were
tested for viruses due to the additional substantial
costs of performing reverse transcriptase polymer-
ase chain reaction (RT-PCR) on virus samples.
The purpose of this sampling was to determine
whether norovirus and influenza A viral exposure
was occurring in the classroom during the course
of the intervention study.

RT-PCR for the Detection of Influenza A and

Norovirus

RT-PCR was performed following the influenza
virus procedure described by Boone and Gerba
(2005) for both viruses. The primers used to
amplify and identify influenza A virus were those
described by Wright, Wilson, Novosad, Dimock,
and Werber (1995) and Vabret et al. (2000). The
primers used for norovirus were those described
by Vinjé et al. (2003).

All PCR products were detected using 2%
agarose gel electrophoresis. Positive samples were
purified using a QIAquick PCR Purification Kit

TABLE 1. Test Surfaces Sampled for Heterotrophic Plate Count
(HPC) Bacteria in Control and Intervention Classrooms

Classroom Surface
Total Area Sampled

(cm2)
# Samples Per

Room

Student desktop 25 4
Student chair back 25 4
Computer keyboard 25 3
Computer mouse 208 3
Entrance doorknob 266 1
Exit doorknob 266 1
Sink faucet handle 210 1
Water fountain toggle 72 1
Soap dispenser lever 45 1
Sink countertop 25 1
Paper towel dispenser

lever
35 1

Manual pencil sharpener
handle

6.6 1
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(Qiagen Inc., Valencia, California) and sequenced
using a 377 ABI sequencer from Applied Biosys-
tems (Roche Molecular Systems Inc. Branchburg,
New Jersey). Sequencing is a commonly used
method for the confirmation of RT-PCR-positive
products to prevent false-positive results (Vinjé
et al., 2003).

Statistical Analysis

One-way analysis of variance (ANOVA) tests
were performed to determine whether the bacter-
ial counts from the control and intervention class-
rooms were statistically different (p � .05).

Information related to child absenteeism, in
addition to concurrent gastrointestinal or respira-
tory illness (self-reported by students to teachers),
was recorded during the entire 7-week duration of
the study for students in both the control and
intervention classrooms. The odds ratio of

developing a respiratory or gastrointestinal illness
leading to absenteeism was determined for the
control classrooms relative to the intervention
classrooms using Statcalc of EpiInfo version 6.0.

RESULTS

HPC Bacterial Contamination of Surfaces

The geometric means of the numbers of HPC
bacteria found on each classroom surface are pre-
sented in Table 2. The geometric mean was used
due to the presence of outlying data values.
Counts were grouped by the sample site (e.g.,
desktop, keyboard) and by classroom type (i.e.,
control vs. intervention). The water fountain tog-
gle and the manual pencil sharpener handle were
determined to be the most contaminated surfaces
(per square centimeter) and the classroom
entrance and exit doorknobs were found to be the

TABLE 2. Summary of Heterotrophic Plate Count (HPC) Bacteria Recovered From Surfaces in Control (No Treatment) and Intervention
Classrooms (Wiped With Quaternary Ammonium Disinfecting Wipe [DW])a

Fomite Treatment Nb Geometric Mean (per cm2) Standard Deviation pc

Water fountain toggle None 12 26.42 69.6 .089
DW 12 7.22 63.3

Manual pencil sharpener handle None 12 5.14 4.7 .434
DW 12 4.45 3.2

Computer keyboard None 36 2.39 9.7 .058
DW 36 0.83 4.0

Sink faucet handle None 12 1.05 26.4 .971
DW 12 0.86 17.0

Paper towel dispenser lever None 12 0.62 4.1 .143
DW 12 2.19 176.6

Sink countertop None 12 0.61 2.8 .967
DW 12 0.67 4.3

Computer mouse None 36 0.41 10.1 .518
DW 36 0.14 9.1

Student desktop None 48 0.28 1.5 .799
DW 48 0.26 1.9

Student chair back None 48 0.23 7.3 .258
DW 48 0.19 0.3

Soap dispenser lever None 12 0.14 0.5 .119
DW 12 0.46 13.0

Exit doorknob None 12 0.04 0.3 .584
DW 12 0.04 0.1

Entrance doorknob None 12 0.02 0.1 .147
DW 11 0.05 0.2

a. Sample sites are ranked in descending order from the most contaminated surface to the least contaminated.

b. N ¼ total number of samples taken.

c. p ¼ bacterial counts from the control and intervention classrooms were compared by analysis of variance. This difference is considered
significant if p � .05.
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least contaminated surfaces (Table 2). There were
no statistically significant (p � .05) differences
between the bacterial numbers found on the sur-
faces of control and intervention classrooms or
between the three control classrooms or the three
intervention classrooms (data not shown). There
were also no significant differences between
counts when classroom grade (e.g., first grade vs.
fifth grade) was considered (data not shown).

Viral Occurrence

Influenza A virus was detected on surfaces in all
three control classrooms. It was found on 24% (13
of 54) of all classroom surfaces tested (Table 3),
including 13.6% of surfaces in the mornings,
16.7% at midday recess, and 50% in the afternoon.
The virus was most commonly detected on stu-
dent desktops (5 of 27), sink faucet handles (4 of
7), paper towel dispensers (2 of 4), and entrance
doorknobs (2 of 7) but was not detected on the
water fountain toggle or the soap dispenser in any
of the classrooms.

Norovirus was detected on surfaces in only two
of the three classrooms. The virus was found on
16.4% (9 of 55) of all classroom surfaces tested
(Table 3) including 13.6% of surfaces in the morn-
ing, 22.2% at midday recess, and 13.3% of class-
room surfaces in the afternoon. Norovirus was
detected on student desktops (6 of 27), a paper
towel dispenser (1 of 4), a sink faucet handle
(1 of 7), and a water fountain toggle (1 of 7) but
was not detected on the soap dispenser or the
entrance doorknob in any of the classrooms.

During the 2 weeks prior to the viral sampling
date, from three to six children had been absent
from each of these control classrooms due to ill-
ness. All three classrooms had at least one student
that had been absent as a result of illness as
recently as February 11 (the day before viral
sampling).

Summary of Illnesses

The numbers of students absent due to illness
per week in the control and intervention class-
rooms are shown in Table 4. Some students were
absent for at least 1 day in more than one time
period (e.g., a student may have been absent dur-
ing Week 1 and then again during Week 5). In
Week 3, a total of six students from the three con-
trol classrooms were absent due to illness; no stu-
dents were absent from any of the intervention
classrooms. This was the only week in which
students were absent due to illness from only the
control but not the intervention classrooms.

TABLE 3. Occurrence of Influenza A (Infl A) Virus and Norovirus (Noro) on Surfaces in Three Control Classroomsa

Fomite

Morning Recess Afternoon Total

Infl A Noro Infl A Noro Infl A Noro Infl A Noro

Student desktop 1/10 2/10 1/10 2/10 3/7 2/7 5/27 6/27
Sink faucet handle 1/3 0/3 1/2 1/2 2/2 0/2 4/7 1/7
Paper towel dispenser 1/2 0/2 0/1 1/1 1/1 0/1 2/4 1/4
Soap dispenser 0/1 0/1 0/1 0/1 ND 0/1 0/2 0/3
Water fountain toggle 0/3 1/3 0/2 0/2 0/2 0/2 0/7 1/7
Entrance doorknob 0/3 0/3 1/2 0/2 1/2 0/2 2/7 0/7
Total 3/22 3/22 3/18 4/18 7/14 2/15 13/54 9/55

NOTE: ND ¼ not determined.

a. Results are presented as the ratio of the number of positive samples to the total number of samples collected.

TABLE 4. The Number of Students Absent During the Study
Period (January 26 to March 15)

Week
Control Classrooms (Rooms

With Absent Students)
Intervention Classrooms (Rooms

With Absent Students)

1 5 (A,B, C) 4 (D, E)
2 7 (A, B, C) 3 (D)
3 6 (A, B, C) 0
4 0 0
5 4 (A, C) 4 (E, F)
6 11 (A, B, C) 2 (D)
7 6 (A, C) 5 (D, E, F)
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Otherwise, a total of at least two students were
absent from the intervention classrooms and a
total of at least four students were absent from the
control classrooms in each week of the study, with
the exception of Week 4 in which no students were
absent from any of the classrooms included in the
study.

Student illness summary data during the
7-week study period (from January 26 to March
15) are presented in Table 5. The intervention
classrooms were treated with DWs during this
entire period. In the control classrooms, 26 of 74
children (35.1%) became ill (with either gastroin-
testinal or respiratory symptoms) with a total of 57
days absent (mean¼ 2.2 days per ill student, med-
ian ¼ 2.0 days per ill student); 14 of 74 children
(18.9%) became ill in the intervention classrooms
with a total of 22 days absent (mean¼ 1.6 days per
ill student, median ¼ 1.0 day per ill student).

During this intervention study, children in the
control classrooms were 2.32 times more likely to
become ill than the children in the intervention
classrooms (p ¼ .026, 95% CI ¼ 1.03–5.28, odds
ratio determined using EpiInfo version 6 Statcalc).

DISCUSSION

Based on the existing literature, all of the class-
room surfaces examined in this study are likely to
have high transfer rates to the hands of children
through normal contact and use during the day
because all were made of nonporous materials
(Rheinbaben et al., 2000; Rusin et al., 2002) such
as plastics, veneers/laminates, and stainless steel.

The water fountain toggle and the manual pencil
sharpener handle are used by numerous students
throughout the day and were found to be the two
most bacterially contaminated classroom surfaces
in this study. The sink faucet handle and the paper
towel dispenser lever are likewise used by multiple
students and were also among the most contami-
nated classroom surfaces. The computer keyboard
was the third most contaminated fomite. Key-
boards are frequently used by multiple students
and experience an extended contact time with a
person’s hand during use. The student desktop is
commonly used throughout the day and is touched
quite frequently; however, most desks are used by
only an individual student. The doorknob is not fre-
quently touched during the average school day, as
doors are often propped open. Frequently or heav-
ily used fomites are most likely contaminated by
such use and therefore carry higher heterotrophic
bacterial loads than other lightly used fomites.

‘‘The water fountain toggle and the manual pencil
sharpener handle are used by numerous students

throughout the day and were found to be the two most
bacterially contaminated classroom surfaces in this

study.’’

Sink faucet handles (4 of 7 samples, 57%), paper
towel dispenser levers (2 of 4 samples, 50%), and
student desktops (5 of 27 samples, 18.5%) were the
surfaces most often contaminated by influenza A
virus. Norovirus was detected on these fomites as

TABLE 5. Student Symptoms (Respiratory or Gastrointestinal) and Absenteeism in Control and Intervention Classrooms During the
Study Period

Classroom Student Grade Level Total # Students
# Ill Students
(% of Total)

Total Classroom
Absenteeism (Days)

Median Days Absent
Per Ill Student

Control A Fifth 25 9 (36.0) 22 2
B First 26 9 (34.6) 21 2
C Fourth 23 8 (34.8) 14 2
Totals 74 26 (35.1a) 57 2b

Intervention (DW use) D Fifth 26 6 (23.1) 10 1.5
E First 24 5 (20.8) 7 1
F Third/fourth 24 3 (12.5) 5 1
Totals 74 14 (18.9a) 22 1b

a. Average of the three classrooms.

b. Median of the three classrooms.
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well. As mentioned previously, these are among the
most frequently and heavily used fomites in the
classroom. Interestingly, the water fountain toggle,
the most heavily contaminated surface by bacteria,
tested negative for influenza A virus in all samples
(0 of 7) and only 1 of 7 (14.3%) tested positive
for norovirus. Influenza A virus was detected on
2 of 7 (28.6%) of the entrance doorknobs tested
though norovirus was not detected on any door-
knobs (0 of 7). There is therefore no clear correla-
tion between bacterial and viral contamination of
classroom environmental surfaces. The manual
pencil sharpener handle and the computer key-
board were not tested for the presence of viruses.

Viruses such as norovirus that cause vomiting or
diarrhea have the potential for contamination of the
environment, especially as the result of poor personal
hygiene. Evans et al. (1998) reported that 607 of 680
(89%) reported norovirus outbreaks were attributed
to person-to-person transmission, including trans-
mission due to poor hand hygiene and surface-to-
surface transmission (Barker et al., 2001). In
addition,outbreaks ofnorovirus infections inpassen-
gers on cruise ships during successive trips have
strongly implicated environmental contamination
in the transmission of the virus (Barker et al., 2001).

Although influenza A virus is not generally
thought to be readily transmitted via fomites, other
viruses such as the parainfluenza viruses, rhino-
viruses, and respiratory syncytial virus irritate the
respiratory epithelium and induce coughing and
sneezing, thereby facilitating their transmission
by not only the airborne route but also environmen-
tal contamination (Barker et al., 2001; Hall,
Douglas, & Geiman, 1980). It is often difficult to
test for the presence of specific respiratory viruses
in schools unless there is an identified outbreak
underway. In contrast, influenza A virus has a pre-
dictable seasonality (Monto, 2004) during which it
can be targeted for detection as an indicator of viral
contamination. The presence of influenza A virus
on fomites during the flu season highlights the
potential for other respiratory viruses to contami-
nate classroom surfaces, possibly contributing to
their transfer from person to person.

Although there was presumably an immediate
drop in the bacterial load on surfaces following the
intervention (based on our previous work), there
was no statistical difference between the bacterial
contamination of surfaces in the control and inter-
vention classrooms. This brings into question the

validity of testing for heterotrophic bacteria to
model the risk of contracting an infectious dis-
ease. Nevertheless, the identification of sites
within the classroom that typically have a higher
bacterial load could be useful in identifying poten-
tial areas of concern for contamination by patho-
gens. Researchers may then target these areas
for a more thorough study of the occurrence of
specific bacterial pathogens in the classroom.

Although there were no statistically significant
differences in the bacterial levels found on class-
room surfaces in this study, there was a statistically
significant difference in attendance between inter-
vention and control classrooms. Classrooms under-
going daily intervention with DWs were found to
have a statistically significant reduction in student
absenteeism due to illness. In the current study,
we tested for the presence of influenza A and nor-
ovirus to determine whether these viruses were
occurring in the classroom during the time of the
investigation; however, the testing for these viruses
was not included as part of the intervention. It is
possible that the intervention (using a quaternary
ammonium compound [QAC] DW) was more
effective at reducing the numbers of viral pathogens
(particularly lipid viruses such as influenza A virus)
present in the classroom than it was at reducing the
numbers of bacterial pathogens. QACs have been
demonstrated to be very effective against lipid
viruses (Eleraky, Potgieter, & Kennedy, 2002) but
not as effective against non-enveloped viruses
(Doultree, Druce, Birch, Bowden, & Marshall,
1999; Eleraky et al., 2002). Nevertheless, some
studies have suggested that some QACs may also
be effective against nonlipid viruses such as feline
calicivirus (commonly used as a surrogate for
human norovirus; Jimenez & Chiang, 2006). More
work is therefore needed to determine the role of
viral contamination of classroom surfaces in the
spread of infectious diseases.

‘‘Classrooms undergoing daily intervention with DWs
were found to have a statistically significant reduction

in student absenteeism due to illness.’’

There are approximately 164 million lost school
days each year in the United States among
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students in kindergarten through 12th grade, with
a yearly average of 4.5 days absent per student
(Benson & Marano, 1998). Numerous handwash-
ing studies have been conducted in day care
centers and hospital pediatric wards in which a
decrease in the incidence of infection has been
observed (Barker et al., 2001). In an elementary
school, children involved in an experimental hand-
washing program were absent 50.6% fewer times
(277 vs. 140) than children that did not participate
(Guinan, McGuckin, & Ali, 2002). Mandatory
handwashing programs have also reduced the inci-
dence of gastrointestinal illnesses and absenteeism
in elementary school students (Kimel, 1996; Mas-
ter, Longe, & Dickson, 1997). Comparable results
have been observed with similar handwashing pro-
grams or the use of hand sanitizers in schools and
day care centers (Butz, Larson, Fosarelli, & Yolken,
1990; Hammond, Ali, Fendler, Dolan, & Dono-
van, 2000). A few of these handwashing studies
have also included some efforts at improving envi-
ronmental hygiene (Barker et al., 2001). Despite
this, very little attention has been paid to the effects
of classroom environmental hygiene alone.

The results of the current study suggest that
proper classroom environmental hygiene such as
the use of DWs may also reduce the transfer of
pathogenic bacteria and viruses between fomites
and the hands of children and thereby reduce the
spread of diseases. This preliminary work empha-
sizes the need for further epidemiological studies
using more classrooms and greater numbers of
students to determine the potentially important
role of microbial contamination, particularly that
by viruses, of classroom fomites in the transfer and
spread of infectious diseases and how this relates
to student absenteeism rates.

SCHOOL NURSING IMPLICATIONS

School nurses may use the information
garnered by this study and previous handwashing
efficacy studies to develop educational programs
to increase student and teacher awareness regard-
ing how pathogenic microorganisms are spread
and to emphasize the importance of hygiene, both
personal and environmental, in limiting the
spread of infectious diseases in the classroom set-
ting. School nurses should consider conducting
educational sessions in the classroom to

demonstrate both effective hand washing tech-
niques and effective disinfectant wipe usage. Dur-
ing these sessions, the occasions when one should
wash their hands or wipe down environmental sur-
faces should be described in detail.

School nurses could also encourage the use of
disinfectant hand wipes in a portion of the class-
rooms in their schools and gather long-term infor-
mation on student absenteeism rates between
those classrooms engaged in using such interven-
tions and those that are not. Nurses could employ
parent volunteers (as was done in the current
study) and thus involve the parents in their chil-
dren’s health. Because school nurses often have
limited resources and time, this information could
enable them to direct their efforts to programs
that will have the greatest effectiveness on reduc-
ing student absenteeism rates.

NOTE

1. Active ingredients: n-alkyl (C14, 60%; C16, 30%; C12, 5%;
C18, 5%) dimethyl benzyl ammonium chloride and n-alkyl (C12,
68%; C14, 32%) dimethyl ethylbenzyl ammonium chloride[0].
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Vinjé, J., Vennema, H., Maunula, L., von Bonsdorff, C. H.,
Hoehne, M., Schreier, E., et al.. (2003). International collabora-
tive study to compare reverse transcriptase PCR assays for
detection and genotyping of noroviruses. Journal of Clinical
Microbiology, 41, 1423-1433.

Wilde, J. R., Pickering, L., Eiden, J., & Yolken, R. (1992). Detection
of rotaviruses in the day care environment by reverse transcriptase
polymerase chain reaction. Journal of Infectious Diseases, 166,
507-511.

Wright, K. E., Wilson, G. A. R., Novosad, D., Dimock, C., &
Werber, J. M. (1995). Typing and subtyping of influenza viruses
in clinical samples by PCR. Journal of Clinical Microbiology, 33,
1180-1184.

For reprints and permissions queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav

Vol. 000 No. 00, Month 2009 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


