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Background: Poor hand hygiene on college campuses can be improved by promoting handwashing behavior. This observational
study was conducted to evaluate gender and racelethnic differences in hand hygiene practices among college students.
Methods: Hand hygiene practices in college students were evaluated in 4 settings (soap and water; soap and water and visual
prompts; soap and water and hand sanitizers; and soap and water, hand sanitizers, and visual prompts). The degree of hand
hygiene (ie, adequate handwashing time, use of hand sanitizer, and hand-drying method) also was evaluated at various locations
on campus.

Results: Overall, 72.9% of students washed their hands, 58.3% practiced hand hygiene (using either soap or hand sanitizer), and
26.1% washed their hands adequately. Hand sanitizer use was low when students were given the option, and paper towel was the
most common hand-drying method. In general, hand hygiene practices were better in academic buildings than in the student rec-
reation center. Visual prompts improved handwashing behavior only among students in the “‘other” ethnic category, but not by
gender.

Conclusions: Handwashing is the most effective way of preventing the spread of infectious diseases, and our findings have impli-
cations for the design of effective hand hygiene education programs in college students. (Am ] Infect Control 2008;36:361-8.)

Hand hygiene, a key in preventing transmission of
colds, diarrhea, and flu viruses,'* is considered a social
norm.” Whereas our parents introduce us to the hand-
washing concept, our teachers, health professionals,
and peers* confirm its importance as a habit to help
reduce the spread of infectious disease.>® But although
proper hand hygiene is a well-established norm, main-
taining good hand hygiene is considered a major chal-
lenge in infection control.”

Proper hand hygiene, the simplest infection preven-
tion measure, can reduce outbreaks of pathogen trans-
mission and foodborne illness and also increase
antibiotic resistance.*’"'> Although these practices
are currently required in employee training, epidemio-
logic and inspection data have demonstrated low hand
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hygiene compliance in retail food establishments and
hospital settings;*”-'%'>"1° for example, one study of
12 different hospital settings estimated compliance as
< 50%.” Whereas half of all foodborne illnesses could
be eliminated through proper handwashing,>'” noso-
comial infections affect hospital patients.® Multidrug-
resistant pathogens,'® foodborne illnesses, and viruses
also are commonly transmitted due to poor handwash-
ing practices in health care and food establishment
workers."?

Low hand hygiene compliance among college stu-
dents has contributed to outbreaks of upper respira-
tory illness,” group B Streptococcus colonization,?®
and Norwalk-like viruses (the leading cause of acute
epidemic gastroenteritis in the United States).®?' Infre-
quent handwashing (Iess than 4 times per day), along
with engaging in sexual activity, was found to be asso-
ciated with group B Streptococcus in a random sample
of 150 university students.®* A message campaign
along with provision of gel hand sanitizers in rest-
rooms improved hand hygiene among students in
campus residence halls.” Although low hand hygiene
compliance was identified in the college population
and message campaigns were shown to improve com-
pliance, a search of the current literature revealed
only 5 studies assessing hand hygiene practices
among college students,®**°?**%> none of which com-
prehensively assessed gender/ethnic variation in and
the effect of message campaigns on hand hygiene
compliance.
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The purpose of this observational study was to eval-
uvate hand hygiene practices by gender/ethnicity
among college students at a large public university in
Texas in 4 different settings: (1) soap and water, (2)
soap and water and visual prompts, (3) soap and water
and hand sanitizers, and (4) soap and water, hand
sanitizers, and visual prompts. Each setting included
350 observations in different campus locations. The
methodology was based on a previous observational
study on hand hygiene practices among health care
workers.'® We hypothesized that hand hygiene compli-
ance would be improved with the addition of visual
prompts and hand sanitizers in the restrooms.

METHODS
Study sample

Students from a large public university in Texas were
observed for a 3-weeks period in May and June 2006. A
total of 1400 observations of hand hygiene were made
at various campus restrooms located in academic
buildings, the student center, and the student recrea-
tion center.

Data collection

Seven graduate students observed hand hygiene
(n = 200/student) during the day and evening hours
in 9 different locations using standardized data collec-
tion protocol. Data included observation date, location,
gender, racelethnicity, handwashing behavior/ade-
quacy (ie, 20 seconds), hand hygiene preference, and
hand-drying method. The hand-drying method was
noted to evaluate whether students who washed their
hands were reluctant to touch unsanitary dispensers.
Toilet use was not assessed, because it was impossible
to determine whether persons exiting restroom stalls
had used the toilet. Observations were made from a
safe distance for obscure monitoring and clustered
into 4 settings. The visual prompts used for the study
read: ““Wash your hands. It prevents infectious disease.”
The hand sanitizer provided for 2 settings was a vita-
min El/alcohol-based hand sanitizing gel. Students’
hand hygiene preference (ie, soap vs sanitizer gel)
was noted. An interrater reliability of 0.857 was calcu-
lated from the scores of observers who watched hand
hygiene practices simultaneously and independently
rated the relevant variables according to the instruction
sheet.

Data analysis

Descriptive measures were used to assess students’
hand hygiene, handwashing/sanitizing frequency, pref-
erence, adequacy, and hand drying method. Chi-squared
tests measured association between handwashing
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behavior and gender/ethnicity. Student’s t-test and anal-
ysis of variance (ANOVA) were used to evaluate differ-
ences in hand hygiene by gender, racelethnicity, and
handwashing/sanitizing frequency in the presence of
a visual prompt. Effect size (npz) was used to estimate
the magnitude of differences between groups. The data
were analyzed using SPSS version 14.0 (SPSS Inc,
Chicago, IL).

In the present study, handwashing is defined as
washing the hands with or without soap.?* Hand sanitiz-
ing is defined as Kkilling bacteria on the hands using an
alcohol-based sanitizing gel.*®> Hand hygiene includes
washing the hands with soap and/or sanitizing the
hands with an alcohol-based gel.*®

RESULTS
Demographic characteristics

Approximately 86 % of the observations were made
in female college students; the remaining 14 % of obser-
vations were in male students. Data skewness is attrib-
uted to observers’ gender (6 females and 1 male). The
study sample was predominantly Caucasian (78%),
with 6 % African-American, 6 % Hispanic,and 9% Asian
students. Students whose ethnicity could not be deter-
mined by the observers were classified as “‘other” (2%).

Hand hygiene

Overall, 58.3% of all students performed hand
hygiene (Table 1). Of those students who performed
hand hygiene, 85.6% washed with soap and water,
8.44% sanitized their hands with an alcohol-based
gel, and 5.87 % used both. Therefore, 0.856 * 0.583 =
0.500, or 50.0%, of all students washed with soap
and water; 0.084 * 0.583 = 0.049, or 4.9%, of all stu-
dents sanitized with alcohol; 0.058 * 0.583 = 0.034,
or 3.4%; of all students used both soap and water
and sanitizer; and 41.6% did not perform any hand
hygiene.

Racelethnic distribution by hand hygiene practice
demonstrated that 53.5% of the Caucasian students,
77.5% of the African-American students, 66.3% of
the Hispanic students, 47.2% of the Asian students,
and 42.9% of the “other” students used either soap
or sanitizing gel. Few students used both hand hygiene
agents (3.6 % Caucasian, 5% African-American, 2.4%
Hispanic, 2.4% Asian). African-American students
had significantly a higher rate of hand hygiene practice
compared with the Caucasian, Asian, and “other”
students. Hispanic students ranked second in hand
hygiene practice, and those in the “other” category
ranked last. The female students had a higher rate of
hand hygiene practice (59%) than the males (32%);
only females (4 %) used both hand hygiene agents.
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Table 1. Hand hygiene by gender and ethnicity
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African-
White American Asian Hispanic Other
(n =1089) (n = 80) (n=127) (n = 83) (n=21) Total
No
n 467 14 64 26 12 583
% 429 17.5 50.4 31.3 57.1 41.6
Yes
n 622 66 63 57 9 817
% 57.1 825 49.6 68.7 42.9 583
Use soap (%) 48.0 76.3 41.7 65.1 429 50.0
Use sanitizer (%) 55 1.3 55 1.2 0.0 4.9
Soap and sanitizer (%) 3.6 5.0 2.4 2.4 0.0 34
F value 7.531
P value < .00l
n? 0.021
Males Females Total
No
n 137 446 583
% 68.5 372 41.6
Yes
n 63 754 817
% 315 62.8 58.3
Use soap (%) 29.0 53.5 50.0
Use sanitizer (%) 25 53 4.9
Soap and sanitizer (%) 0.0 4.0 34
t value 8.530
P value < .001
n? 0.049

Handwashing behavior

Overall, 72.9% of the students washed their hands
before exiting the restroom (Table 2). Of those students
who washed their hands, 71.9% used soap. Therefore,
0.729 * 0.719 = 0.524, or 52.4%, of all students
washed with soap and water; 0.729 * 0.281 = 0.204,
or 20.4%, of all students washed without soap; and
27.1% of all students did not wash their hands.

A significant association was found between gender
and handwashing behavior (X2 =29.98, P < .001), with
more female students washing their hands (76 %) com-
pared with their male peers (57 %). ANOVA indicated
significant ethnic differences in handwashing behavior
(F = 5.90; P < .001). The African-American students ex-
hibited the highest handwashing frequency (93.8%),
whereas the students in the “other” category had the
lowest handwashing frequency (57.1 %). However, the
magnitude of difference was small (npz = 0.01).

Handwashing behavior was further evaluated for
adequacy and hand-drying method (Table 2). Of those
students who washed their hands, 35.8% did so ade-
quately and 88.1% dried their hands. Therefore,
0.729 * 0.358 = 0.261, or 26.1%, of all students
washed their hands adequately, and 0.729 * 0.881 =
0.643, or 64.3%, of all students dried their hands.
Using a paper towel was the most common hand-

drying method (96%) followed by personal clothing
(2%), hand dryer (1 %), and towel (1 %). The use of towel
was recorded only in the student recreation center.

The racial/ethnic breakdown of handwashing ade-
quacy is as follows: Caucasian, 22.9%; African Ameri-
can, 58.8%; Hispanic, 37.3%; Asian, 26.8%; “other,’
23.8%. African- American students performed ade-
quate handwashing significantly more often than their
peers (F = 14.25; P < .001). Once again, however, the
magnitude of difference was small (npz = 0.03). No sig-
nificant gender difference in handwashing adequacy
was noted.

Visual prompt

Half of the observations (n = 700) were made in the
presence of a visual prompt. No significant improve-
ment in hand hygiene compliance was noted in the
male, female, Caucasian, African-American, Hispanic
and Asian students (Table 3); however, significant
improvement was seen in students in the “other” ethnic
category (t = 2.67; P = .01). The magnitude of this im-
provement was moderate (np2=0.27 ). African-American
students had significantly higher hand hygiene compli-
ance than Caucasians and Asians, and female students
had significantly higher hand hygiene compliance
than males.
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Table 2. Handwashing behavior by gender and ethnicity

African
White American Asian Hispanic Other
(n=1089) (n = 80) (n=127) (n = 83) (n=21) Total
No
n 315 5 31 19 9 379
% 28.9 6.3 24.4 229 42.9 27.1
Yes
n 774 75 96 64 12 1021
% 71.1 93.8 75.6 77.1 57.1 729
F value 5.90
P value < .001
02 0.01
Use soap (%) 50.5 8l1.3 44.1 65.1 42.9 524
Adequate time (%) 229 58.8 26.8 373 238 26.1
Dry hands (%) 62.6 88.8 63.0 67.5 52.4 64.3
Paper towel (%) 59.4 91.3 61.4 67.5 38.1 61.6
Hand dryer (%) 0.6 0.0 0.0 1.2 9.5 0.7
Clothing (%) 1.6 0.0 0.8 1.2 4.8 1.4
Other (%) 0.6 0.0 0.8 0.0 0.0 0.6
Males Females Total
No
n 86 293 379
% 43.0 244 27.1
Yes
n 114 907 1021
% 57.0 75.6 729
t value 5.53
P value < .00l
n? 0.02
Use soap (%) 28.5 56.4 524
Adequate time (%) 23.0 26.7 26.1
Dry hands (%) 38.0 68.7 64.3
Paper towel (%) 34.0 66.2 6l1.6
Hand dryer (%) 2.5 0.4 0.7
Clothing (%) 0.0 1.7 1.4
Other (%) 35 0.1 0.6

Table 3. Hand hygiene and visual prompt by gender and ethnicity

No visual prompt Visual prompt
n Mean (SD) N Mean (SD) t value P value n?
White 555 0.58 (0.49) 534 0.55 (0.49) 1.22 22 0.00
African American 42 0.76 (0.43) 38 0.89 (0.31) —1.56 12 0.03
Asian 53 0.47 (0.50) 74 0.51 (0.50) —0.46 .64 0.00
Hispanic 39 0.66 (0.47) 44 0.70 (0.46) —0.36 71 0.00
Other I 0.18 (0.40) 10 0.70 (0.48) —2.67 .0l 0.27
F value 4.25 5.59
P value .002 < .00l
n? 0.02 0.03
Males 100 0.35 (0.47) 100 0.28 (0.45) 1.06 .28 0.00
Females 600 0.62 (0.48) 600 0.62 (0.48) 0.00 1.00 0.00
t value 5.37 7.07
P value < .001 < .00l
n? 0.03 0.06

Total 700 0.58 (0.49) 700 0.57 (0.49) 0.37 .70 0.00
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Table 4. Handwashing and visual prompt by gender and ethnicity

No visual prompt

Visual prompt

n Mean (SD) n Mean (SD) t value P value mn
White 555 0.73 (0.44) 534 0.69 (0.46) 1.27 .20 0.00
African American 42 0.93 (0.26) 38 0.95 (0.22) —0.34 73 0.00
Asian 53 0.70 (0.46) 74 0.80 (0.40) —1.28 .20 0.01
Hispanic 39 0.77 (0.42) 44 0.77 (0.42) —0.03 97 0.00
Other I 0.36 (0.36) 10 0.80 (0.42) —2.13 .04 0.19
Males 100 0.56 (0.49) 100 0.58 (0.49) -0.28 77 0.00
Females 600 0.76 (0.42) 600 0.75 (0.43) 0.60 .54 0.00
Total 700 0.73 (0.44) 700 0.72 (0.44) 0.42 .67 0.00
Table 5. Hand hygiene and location by gender and ethnicity

Student recreation
Academic buildings center

n Mean (SD) n Mean (SD) t value P value n?
White 513 0.68 (0.46) 576 0.46 (0.49) 741 < .00l 0.04
African American 51 0.90 (0.30) 29 0.68 (0.47) 2.46 .01 0.07
Asian 84 0.55 (0.49) 43 0.37 (0.48) 2.0l .04 0.03
Hispanic 52 0.73 (0.44) 31 0.61 (0.49) 111 26 0.0l
Other 9 0.55 (0.52) 12 0.33 (0.49) 0.99 .33 0.04
Males 38 0.52 (0.50) 162 0.26 (0.44) 3.17 < .0l 0.04
Females 671 0.69 (0.45) 529 0.54 (0.49) 5.65 < .00l 0.02
Total 709 0.68 (0.46) 691 0.47 (0.49) 8.73 < .00l 0.04

Analysis of handwashing behavior in the presence DISCUSSION

of the visual prompt yielded results similar to those
noted for hand hygiene. No significant improvement
was noted by gender (Table 4); however, students in
the “other” ethnic group demonstrated significantly
improved handwashing behavior in the presence of a
visual prompt (t = 2.13; P = .04).

Location

Hand hygiene also was evaluated by location (Table 5).
Hand hygiene frequency was significantly higher in the
academic buildings/student center (68%) than in the
student recreation center (47%; t = 8.2; P < .001).
Male, female, White, African-American, and Asian stu-
dents exhibited significantly higher hand hygiene fre-
quency in academic buildings than in the student
recreation center (P < .05).

Handwashing behavior was evaluated by location as
well (Table 6). Handwashing frequency was signifi-
cantly higher in academic buildings (81 %) than in the
student recreation center (65%; t = 6.836; P < .001).
Male, female, White, and Asian students exhibited
significantly higher handwashing frequency in acade-
mic buildings than in the student recreation center
(P < .05). No differences were noted in the African-
American, Hispanic and “other” students.

This observational study was conducted to examine
hand hygiene practice among college students. Al-
though the study considered hand hygiene to be either
handwashing with soap or hand sanitizing with alco-
hol-based gel, it is important to note that > 20% of
the students in this study washed their hands without
soap. This finding underscores the need for hand
hygiene campaigns emphasizing the importance of
soap in cleansing the hands.

The better hand hygiene in the female students in
this study agrees with previous findings.”***” White
et al’ reported better hand hygiene in females than in
males. Johnson et al*” suggested that females’ higher
compliance is associated with their tendency to prac-
tice socially acceptable behaviors. These gender differ-
ences highlight the need for gender-specific
educational hand hygiene campaigns.

Overall, the minority students exhibited better hand
hygiene practices than the Caucasian students. Thus,
hand hygiene programs targeted at college students
should be tailored to improve hand hygiene in Cauca-
sian students. No previous studies have evaluated
hand hygiene practices by racial/ethnic group. Consid-
ering the association between hand hygiene and food-
borne illness, our findings may provide valuable
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Table 6. Handwashing behavior and location by gender and ethnicity

Student recreation

Academic buildings center

n Mean (SD) n Mean (SD) t value P value n?
White 513 0.80 (0.40) 576 0.63 (0.48) 6.03 < .00l 0.03
African American 51 0.94 (0.23) 29 0.93 (0.25) 0.17 .85 0.00
Asian 84 0.81 (0.39) 43 0.65 (0.48) 1.98 .05 0.03
Hispanic 52 0.81 (0.39) 31 0.71 (0.46) 1.02 3l 0.0l
Other 9 0.67 (0.50) 12 0.50 (0.53) 0.73 47 0.02
Males 38 0.79 (0.41) 162 0.52 (0.50) 3.09 <.0l 0.04
Females 671 0.81 (0.39) 529 0.69 (0.46) 4.80 <.00l 0.02
Total 709 0.81 (0.39) 691 0.65 (0.47) 6.83 < .00l 0.03

information for researchers investigating racial/ethnic
disparities in foodborne illness.?®>°

Handwashing behavior in this college student popu-
lation was only slightly higher than that reported
in middle school and high school students.’" In terms
of adequacy, only a small proportion of those who
washed their hands did so for 20 seconds. This finding
concurs with a 2003 study reporting that 63% of
female college students washed their hands, but only
2% did so adequately.>* Consequently, further empha-
sis on efforts to improve handwashing adequacy is crit-
ically important.

Supplementing hand sanitizing gel in the restrooms
was ineffective in improving hand hygiene practices, a
finding at variance with an earlier study by White et
al*’ that found an increase in hand hygiene behavior
after installation of gel sanitizer dispensers at observa-
tion sites. In the present study, the sanitizer bottles
were new additions to the observation sites, and thus
the students may have been unfamiliar with and reluc-
tant to use them. A few students apparently did not
realize that the bottles contained hand sanitizer and
used the gel as though it was soap.

White et al® reported that college students who were
exposed to hand hygiene campaigns had significantly
better hand hygiene than those who were not. In the
present study, the use of visual prompts did little to
improve hand hygiene compliance. Contrary to previ-
ous studies,?” visual prompts did not improve hand
hygiene compliance among female students. Likewise,
visual prompts did not improve hand hygiene among
males; however, that finding concurs with earlier stud-
ies.?” Perhaps visual prompts in addition to educational
campaigns may promote greater hand hygiene compli-
ance by more strongly emphasizing its importance.

Hand hygiene practice was higher in academic
buildings compared with the student recreation center.
Perhaps students do not view performing hand hygiene
as important before working out and using a pool/hot
tub. Alternatively, students may be using the restroom
before showering. The observers were unable to assess

whether the students used the restroom before or after
using recreation center facilities; future studies may
explore this in greater detail.

Better hand hygiene compliance and hand drying
could be achieved through adaptations to the rest-
rooms, such as automatic water, soap, and hand sani-
tizer dispensers as well as hand dryers that eliminate
the need to touch the units. These amenities not only
limit exposure to bacteria, but also improve the conve-
nience and attractiveness of handwashing, which help
increase compliance.’®”> But how these automatic dis-
pensers will influence hand hygiene practice in those
students hesitant to perform the action is unknown.

Our findings have implications for health educators
and public health professionals aiming to design crea-
tive, effective programs to educate college students on
hand hygiene practices. Use of the PRECEDE (predis-
posing, reinforcing, and enabling factors in educational
and health diagnosis and evaluation) or other theoreti-
cal frameworks for these programs is encouraged. The
PRECEDE model has been successfully used in numer-
ous health education programs to effect change in
other complex behaviors, such as seat belt use.’”>*
Using this framework will allow health educators to
influence behavior change by focusing on predispos-
ing, enabling, and reinforcing factors. Although educa-
tion programs can improve hand hygiene behaviors, a
lack of reinforcement lowers compliance.’” Thus, pro-
grams for college students need to include innovative
approaches to achieve sustained improvement in
hand hygiene practices.

The present study has some limitations. Although
the observers made efforts to be obscure, their pres-
ence may have influenced hand hygiene practices in
the students. Previous research has demonstrated that
the presence of others can influence an individual’s
handwashing behavior.>* For example, whereas soap
and water use could be observed discreetly by standing
further away and observing/listening to cues, monitor-
ing hand sanitizer use was more difficult, because the
observers had to be in close proximity to the students.
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In addition, the observers were unable to assess
whether students used the toilet when in restroom
stalls. Because females visit restrooms for cosmetic
and toileting reasons, the lower hand hygiene rate in
males, especially after toilet use, can provide additional
impetus for gender-specific hand hygiene campaigns.
Six of the 7 observers were females, resulting in
skewed gender observations in this study. In addition,
observations were made during the summer school
session; this could explain the overrepresentation of
African-American, Asian, and Hispanic students in the
sample compared with the university population as a
whole. Besides the standard protocol, additional factors,
such as time (semester and seasonal illnesses) and loca-
tion (residence halls and dining areas), may provide
more detailed information on hand hygiene practices.

CONCLUSION

This study examined hand hygiene among male and
female college students at various locations and times
of day on a university campus. The findings show
that the majority of students practiced good hand
hygiene, favoring soap and water over hand sanitizers;
however, handwashing adequacy was poor. Hand
hygiene compliance was higher in academic buildings
than in the student recreation center, but visual
prompts did not improve hand hygiene by gender or
racelethnicity, except in those students in the “other”
ethnic group. Using paper towels was the most
frequent hand-drying method among the students.

Our findings have implications for effective targeted
health education programs to improve hand hygiene
in college students, particularly male and Caucasian stu-
dents. These programs also should emphasize efforts to
improve handwashing adequacy and soap use in cleans-
ing the hands. Visual prompts in addition to educational
campaigns may promote better hand hygiene compli-
ance by improving awareness of its importance.
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