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Background. Hand hygiene is cost-effective and has been recognized as an effective measure in the control of communicable
diseases. The main aim of this study is to evaluate the hand washing knowledge, practices, and skills of students in both private and
public institutions of higher learning. Methods. This was an institution-based cross-sectional study that included a mix of 577
university students from different disciplines (49.6% males and 50.4% females) with a mean age of 21.8 + 3.5 years. Departments
were selected at random, and the quota sampling technique was used to select the study participants. Hand washing knowledge,
practices, and skills scores were assessed using a structured questionnaire. The differences in scores were further quantified across
different factors using multiple quantile regression analysis. Results. The prevalence of hand washing with soap was 10.7%. Also,
the majority of the study participants (75.2%) had a poor hand washing practices score. Age >29 years was associated with a 6.3%
lower median hand washing knowledge score (p = 0.039). Also, being in the public institution was significantly associated with
6.3%, 36.0%, and 10.0% lower median hand washing knowledge (p = 0.021), practices (p <0.001), and skills (p = 0.025) scores,
respectively. In addition, being a medical student (p = 0.029) and washing hands > six times a day (p = 0.008) were significantly
associated with an increase in the median hand washing knowledge score of 6.3% and 18.7%, respectively. Conclusions. Edu-
cational interventions need to be carried out to create awareness of the importance of hand washing and also to enhance the hand
washing knowledge, practices, and skills of university students.

1. Introduction

The transmission of communicable diseases continues to be
a public health concern, and the physical contact through
contaminated hands is a very important mode of trans-
mission. Hand washing, which is a component of hand
hygiene, is cost-effective and convenient and has been shown
to be an effective practice in infection control activities [1].
There is undisputed evidence that when hands are properly
washed under running water with soap lather, rubbed while
washing, rinsed, and dried, the spread of a viral infection
such as influenza [2] and bacterial diseases such as

pneumonia and diarrhea [3] can be halted. For instance, a
recent systematic review indicates that hand washing re-
duces the risk of diarrheal diseases by 40% [4]. A meta-
analysis also indicates that washing hands reduces the risk of
shigellosis by 59% and that failure to wash hands increases
the risk of diarrheal diseases by 1.8 times [5]. Poor hand
washing can result in the spread of other diseases such as
cholera, hepatitis A, and acute gastroenteritis [6]. In rec-
ognition of the importance of hand washing, the WHO
launched an annual global initiative, “SAVE LIVES: clean
your hands,” in 2009 to create awareness of the importance
of hand hygiene in healthcare [7].
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Despite these efforts and the wealth of data showing the
benefits of proper hand washing and its simplicity and ef-
ficacy, the global hand hygiene compliance has not been
satisfactory. The global prevalence of washing hands with
soap is 19%, and that of the African region is even lower at
14% [4]. Also, data on some African countries indicate a
prevalence of 13%, 15%, and 8% for Ghana, Kenya, and
Burkina Faso, respectively [4]. In addition, available data on
Cameroon indicates that good hand washing practices were
reported in less than half of dental professionals [8]. Some
factors that could explain the inappropriate hand washing
practices, especially among adolescents in low-income set-
tings, are poor scientific knowledge, absence of clean run-
ning water [9], and lack of awareness and practice in hand
washing [10]. Also, the efforts to improve hand hygiene can
be compromised by cultural and religious beliefs in sub-
Saharan African countries [11].

There are limited data on hand washing knowledge and
practices among students in school settings in Cameroon.
The spread of infectious diseases can occur faster in school
settings because of high numbers of students, and the
university community is not exempted. Recent reports show
that school health can be protected during an epidemic if
appropriate hand washing practices are carried out [12, 13].
There is evidence that students can overestimate their
knowledge and compliance to hand hygiene practices [14].
This poor self-assessment can translate into an unsatisfac-
tory compliance later in professional practice [15], especially
among those involved in healthcare. Thus, the school setting
becomes important and can provide a good avenue for
community efforts to promote good hand hygiene practices
including hand washing [16].

This study sets out to assess the hand washing knowl-
edge, practices, and skills of students of different disciplines
in two higher institutions of learning.

2. Materials and Methods

2.1. Study Participants. An institution-based cross-sectional
study was carried out in two universities (one private and
one public) in Bamenda, which is the capital of the North
West Region of Cameroon. The sampling procedure was in
two steps: Firstly, four departments were randomly selected
in each institution. Secondly, a quota sampling technique
was used to select students within each department who are
either in the first, second, third, or fourth year of university
studies following an arrangement with the respective de-
partmental heads. All students were approached in their
lecture halls as soon as lectures/tutorials were over. Since the
students were selected from different departments in the two
institutions, they were classified in the following groups
(based on the faculty that hosts each degree programme)
during the analysis: Social/Management sciences, Science/
Engineering, and Medicine/Nursing. Consent information
and the objectives of the study were given to the students,
and this was followed by administration of the study
questionnaire.

A total of 702 questionnaires were administered to the
selected  students. 577 (82.2%) completely filled
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questionnaires were returned. The analysis included 577
students (49.6% males and 50.4% females). There was no sex
discrimination in the selection of study participants.

2.2. Ethical Considerations. Ethical/administrative clearance
was obtained from the North West Regional Delegation of
Public Health, Cameroon. Also, permission was obtained
from establishment heads within each institution. All par-
ticipants gave written informed consent before the study
commenced.

3. Data Collection

3.1. Study Questionnaire. Data were collected (between
January and April 2019) using a self-administered structured
questionnaire by the principal investigator (G.M.M.T.), who
met the students in their lecture rooms immediately after
lectures. Before data collection, this instrument was pre-
tested in a group of 24 students in a private institution of
higher learning, which was not part of this study. This
questionnaire was designed using previous reports [16, 17],
and no validity tests were carried out. The questionnaire was
divided into the following parts.

In the first part, the participants reported general in-
formation, which included age, gender, and department, and
they responded to basic questions on hand washing.

The second part assessed hand washing knowledge using
eight questions. The third part was on hand washing
practices, and this aspect was assessed using 20 questions.
The last part assessed hand washing skills of the study
participants using 10 questions. The participant’s score of
each aspect of hand washing (knowledge, practices, and
skills) was calculated by dividing the score obtained by each
study participant in that aspect by the number of questions
and multiplying by a hundred. Furthermore, the participants
were classified based on their scores of the different aspects
of hand washing as follows: poor, average, and good after
having scores of <49.9%, 50.0-69.9%, and >70.0%,
respectively.

In this study, hand washing was considered as the
mechanical process of washing hands with soap under
running clean water [16].

3.2. Statistical Analysis. R version 3.4.1., which includes the
“quantreg” package [18], was used to perform all statistical
procedures. The Kolmogorov-Smirnov (K-S) test was used
to assess the distribution of continuous variables. Also, a
descriptive analysis of the study population was performed,
and values were reported as frequencies and percentages.
The comparison of proportions was carried out using the
chi-square test, and the p values were adjusted using the
Bonferroni method. In addition, a comparison of median
score of the different aspects of hand washing across groups
was carried out using the Kruskal-Wallis test. After the
unadjusted analysis, the differences in median score were
further adjusted using multiple quantile regression analysis.
In this regression analysis, the median score was modeled as
dependent variable instead of the mean because the scores of
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the different aspects of hand washing (knowledge, practices,
and skills) were not normally distributed. Furthermore, the
results are easily understood because the regression coeffi-
cients reveal the difference in median score associated with
each factor compared with a reference group. The model in
the regression analysis was adjusted for design variables
(institution and department) and also included all variables
in the unadjusted analysis. The Powell Kernel approach was
used to calculate the regression estimates of the median
score and standard errors. A two-sided p value <0.05 was
considered significant.

4. Results

A sample of 577 university students with a mean age of
21.8 £ 3.5 years was included in this study. Table 1 shows that
more than half (56.7%) of the students wash their hands >6
times a day, with girls having a significantly higher pro-
portion than boys (p = 0.018). Also, the prevalence of hand
washing with soap and clean running water in the study
population was 10.7%. In addition, 47.8% of the study
participants indicated that the reason for skipping hand
washing is forgetfulness. 1.9% and 75.2% of the study
participants had good and poor hand washing practices
scores, respectively.

The median (min-max) hand washing knowledge,
practices, and skills scores of the full sample were 62.5
(0.0-100), 21.3 (0.0-75.0), and 49.7 (0.0-100), respectively.
The unadjusted analysis in Table 2 shows that older students
(=29 years) had significantly (p < 0.001) lower median hand
washing knowledge and practices scores when compared
with the younger students (17-22 years). Also, the medical
students (Medicine/Nursing) had a more than 10% increase
in median hand washing knowledge score when compared
with the rest of the study participants. However, they had a
significantly lower (p <0.001) median hand washing prac-
tice score. There were no significant gender differences in
median hand washing knowledge, practices, and skills scores
(p>0.05). In addition, there was a 36.9% difference in
median hand washing practice score between students of the
private university and those of the public university. Stu-
dents who washed their hands >6 times a day had signifi-
cantly higher median hand washing knowledge, practices,
and skills scores (p <0.05) compared with those who wash
their hands <2 times a day.

Table 3 shows the quantile regression estimates for the
association between selected factors and scores of the dif-
ferent aspects of hand washing. When compared with their
respective reference groups, age >29 years and being a
student of a public university were significantly (p <0.05)
and negatively associated with median hand washing
knowledge score. The older students (>29 years) had a 6.3%
lower median hand washing knowledge score when com-
pared with the younger students (17-22 years). Also, medical
students (Medicine/Nursing) had a 6.3% higher median
hand washing knowledge score when compared with the rest
of the students (p = 0.029). In addition, students who wash
their hands >6 times a day had a 18.7% higher median hand
washing knowledge score when compared with those who

wash their hands <2 times a day (p = 0.008). These students
also had a higher median hand washing skills score.
However, it was not statistically significant (p>0.05).
Furthermore, when compared with the students of the
private university, their peers in the public university had
6.3%, 36.0%, and 10.0% lower median hand washing
knowledge, practices, and skills scores, respectively
(p <0.05). Thus, the factors with the largest significant re-
lationship with the scores were age >29 years, being a
medical student, being a student in a public university, and
washing of hands >6 times a day for hand washing
knowledge score and being in a public university for hand
washing practices and skills scores.

5. Discussion

This study describes the current state of hand washing
behavior in a sample of university students in Cameroon for
the first time. The study evaluated the hand washing
knowledge, practices, and skills of students from both pri-
vate and public universities. The analysis confirms that age
was inversely associated with hand washing knowledge
score, and being in a public university was also inversely
associated with hand washing knowledge, practices, and
skills scores. In addition, the study confirms that being a
medical student (Medicine/Nursing) was positively associ-
ated with hand washing knowledge score, and washing of
hands >6 times a day was positively associated with hand
washing knowledge, practices, and skills scores.

Older age was significantly associated with a lower
median knowledge score. Similar findings have been ob-
served in studies carried out in Ghana [17] and Bangladesh
[19], which used different approaches of assessing hand
washing knowledge and practices. These studies indicated
that older students had lower hand hygiene knowledge and
practices scores when compared with their younger peers. A
previous report had indicated that the poor hand hygiene
behavior among adults could be as a result of their busy
lifestyle and a false belief that infectious diseases like diar-
rhea can only affect younger children [20]. However, in a
previous study in Turkey, age was positively associated with
knowledge score [16]. Also, a study among adolescents in
Yemen indicated that younger children had higher odds of
poor hand washing practice [21].

Our study reveals that there were no gender differences
in hand washing knowledge, practices, and skills scores. This
is in contrast to findings of other studies which recorded
significant differences in mean hand washing knowledge and
practices scores [17, 19] between males and females. When
the frequency of hand washing was considered, this study
revealed that there was a significant difference by gender. A
significantly higher proportion of females washed their
hands >6 times a day when compared with the males. This is
in line with other studies which revealed that females are
more likely to wash their hands frequently than males
[22, 23]. A study reported that a high compliance to hand
hygiene among females could be as a result of their tendency
to practice socially acceptable behavior [24]. Also, males
tend to ignore hand hygiene practices, especially when they



are alone in the washroom or when they are in a hurry [25].
In addition, males can be discouraged from practicing hand
hygiene by factors such as tiredness and hunger [26].
However, a recent report recorded better hand hygiene
practices among men [27].

Also, this study indicated that being a medical student
(Medicine/Nursing) was associated with a higher median
hand washing knowledge score. A recent study among
nursing students indicated that the majority of the study
participants had good knowledge of hand hygiene and this
translated into a positive attitude towards hand hygiene
compliance [28]. This could be as a result of the high hy-
gienic standards expected from these students who are
usually under supervision in hospital settings. A report
indicated that medical students are knowledgeable and more
likely to practice hand hygiene effectively because they are
aware of the risks of noncompliance to hand washing
practice [29]. However, a study among undergraduate
medical students in Kampala indicated that more than 50%
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TaBLE 1: Descriptive characteristics of the study population (N=577).
i Gender
Variables
Male (N=286) Female (N=291)

Age (years)

17-22 172 (60.1) 210 (72.2)

23-28 97 (33.9) 72 (24.7)

>29 17 (5.9) 9 (3.1)
Discipline

Social/management sciences 137 (47.9) 152 (52.2)

Science/engineering 91 (31.8) 59 (20.3)

Medicine/nursing 58 (20.3) 80 (27.5)
Type of university

Private 164 (57.3) 140 (48.1)

Public 122 (42.7) 151 (51.9)
Frequency of hand wash per day

<2 times 11 (3.8) 12 (4.1)

3-5 times 129 (45.1) 98 (33.7)

>6 times 146 (51.1)* 181 (62.3)*
Hand hygiene habits

Hand washing with soap and clean water 24 (8.4) 38 (13.1)

Hand washing with clean water only 253 (88.5) 237 (81.4)

Use of alcohol hand sanitizers 9 (3.1) 16 (5.5)
Reasons for skipping hand washing

Wash room is far 51 (17.8) 51 (17.5)

Lack of clean running water 57 (19.9) 41 (14.1)

Dirty wash room facilities 55 (19.2) 46 (15.8)

Forgetting 123 (43.0) 153 (52.6)
Hand washing knowledge score

Poor 57 (19.9) 59 (20.3)

Average 114 (39.9) 106 (36.4)

Good 115 (40.2) 126 (43.3)
Hand washing practices score

Poor 213 (74.5) 221 (75.9)

Average 68 (23.8) 64 (22.0)

Good 5(1.7) 6 (2.1)
Hand washing skills score

Poor 107 (37.4) 99 (34.0)

Average 82 (28.7) 75 (25.8)

Good 97 (33.9) 117 (40.2)
% =0.018.

of the study participants had poor knowledge on hand
hygiene. More than 40% of the study participants were not
aware of the importance of hand washing, and approxi-
mately 90% of them indicated that there was lack of clean
running water in hospital wards during their clinical ac-
tivities [30]. These could have acted as barriers to hand
hygiene practices and compliance.

Our study further reveals that being in a public uni-
versity was associated with lower median hand washing
knowledge, practices, and skills scores. During the study
period, it was observed that wash rooms for students in the
public university were far from lecture halls, and the
availability of clean running water on campus was not
regular. On the contrary, the private institution was a smaller
learning environment with a well installed water supply
system including bore holes. In addition, there are posters
which indicate how to use the facilities in the wash room.
These posters and easy access to wash room facilities could
encourage good hygienic practices and hand washing, in
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TaBLE 2: Comparison of median scores across the different groups (N=577).
Knowledge score Practices score Skills score
Factors
Median p value® Median p value® Median p value®
Age (years) <0.001 <0.001 0.624
17-22 65.9 34.0 51.0
23-28 57.7 10.9 46.0
>29 51.3 9.3 46.7
Gender 0.556 0.279 0.585
Male 60.9 27.3 48.0
Female 62.5 14.5 51.8
Discipline <0.001 <0.001 0.337
Social/management sciences 59.5 12.0 46.4
Science/engineering 62.5 44.1 50.8
Medicine/nursing 73.0 11.9 55.4
Type of university 0.002 <0.001 0.895
Private 66.4 45.8 48.9
Public 58.3 8.9 51.1
Frequency of hand wash per day <0.001 0.043 0.012
<2 times 42.2 12.5 38.6
3-5 times 60.1 21.4 41.5
>6 times 62.5 23.1 53.6

“Kruskal-Wallis test was used to compare the median scores across the different factors.

TaBLE 3: Multiple quantile regression estimates indicating differences in hand washing knowledge, practices and skills scores across different

factors (N=577).

Knowledge score

Practices score Skills score

Factors . . :
Estimate SE p value Estimate SE p value Estimate SE p value

Intercept 50.0 7.6 <0.001 44.0 2.6 <0.001 30.0 12.8 0.020
Age (years)

17-22 0 0 0

23-28 -6.3 3.4 0.065 0.5 1.0 0.496 -10.0 44 0.025

>29 -6.3 6.6 0.039 0.5 1.8 0.274 -10.0 11.1 0.368
Gender

Male 0 0 0

Female 0.0 2.6 1.000 0.5 0.8 0.544 0.0 3.9 1.000
Discipline

Social/management sciences 0 0 0

Science/engineering 0.0 31 1.000 1.5 1.0 0.091 10.0 4.8 0.036

Medicine/nursing 6.3 3.2 0.029 2.0 1.2 0.328 0.0 5.1 1.000
Type of university

Private 0 0 0

Public -6.3 3.2 0.021 -36.0 1.1 <0.001 -10.0 4.5 0.025
Frequency of hand wash per day

<2 times 0 0 0

3-5 times 12.5 7.3 0.086 1.0 2.3 0.683 10.0 12.4 0.420

>6 times 18.7 7.1 0.008 1.5 2.3 0.537 20.0 12.3 0.104

The estimate associated with each category is the difference in median score compared with the reference category. SE, standard error.

particular among students of the private institution. For
instance, a report in the US indicated that the use of soap in
hand washing was more in wash rooms that had hand
washing instructions on posters than wash rooms with no
posters [31]. However, we did not investigate the contri-
bution of these items to hand washing behavior of the
students included in this study.

Washing hands >6 times a day was associated with a
higher median hand washing knowledge score. When stu-
dents are knowledgeable of the benefits of hand washing,
they are likely to wash their hands frequently. In a recent

study, knowledge was significantly associated with hand
hygiene practice in a sample of nursing students [28].
However, the sample size of the study was small. In our
study, 56.6% of the participants indicated that they wash
their hands >6 times a day. This is lower when compared
with a study in Turkey in which the majority (72.6%) of the
study participants wash their hands >6 times a day [16]. The
participants in this study indicated the lack of clean running
water on campus, dirty wash room facilities, forgetting to
wash hands, and wash rooms being far away as the reasons
for skipping hand washing. These and other reasons



identified in other studies like lack of soap, laziness, lack of
awareness on hand hygiene importance [30], and cleanliness
of wash room [22] could explain the disparity in the pro-
portions of students with a high frequency of hand washing
(or hand washing behavior) between our sample and that of
the Turkish study. These could also explain why the majority
(75.2%) of our study participants had a poor hand washing
practice score. The lack of soap could further explain the low
prevalence of hand washing with soap observed in this study
and also explains why the majority of the students indicated
that they wash their hands only with clean water.

Our study had limitations worth mentioning. The
analysis included self-reported data on hand washing be-
havior of students. There could have been bias in reporting
as some students are likely to over report their hand washing
behavior [14]. Also, we did not independently observe if the
students washed just one hand or both hands. Our study
included a small sample, and the findings may not ade-
quately reflect the hand washing behavior of the entire
university student population of Cameroon. However, the
data included a mix of students in different disciplines from
both private and public institutions. Despite these limita-
tions, we have quantified the differences in median scores of
the different aspects of hand washing across several factors
using quantile regression analysis for a better appreciation.

6. Conclusions

The findings of this study reveal that the majority of the
students had poor hand washing practice score and the
prevalence of hand washing with soap is low. The study also
highlights that the physical environment of hand washing
needs to be conducive, especially in the public institution. In
line with this, the provision of soap, regular availability of
clean running water, and regular hygienic sanitation of wash
room facilities are a necessity. These could encourage stu-
dents to wash hands frequently. Random visits to the wash
rooms and observations of hand washing could help in
understanding the hand hygiene behavior of students in
future studies. Also, educational interventions need to be
implemented to enhance the hand washing knowledge,
practices, and skills of the students.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

GMMT and LLN contributed to the conception and design
of the study and participated in data collection as well as
interpretation of data and drafting of the manuscript. NTN,
MTG, PBI, and PC contributed to the conception and design
of the study as well as interpretation and analysis concepts of

BioMed Research International

the data. LKN was responsible for the conception and design
of the study, directed collection of data and processing, and
was involved in statistical analysis and drafting of the
manuscript. All authors revised the manuscript and gave a
final approval of the submitted version.

Acknowledgments

The authors are grateful to the institutions and students who
accepted to participate in this study.

References

[1] M. Burton, E. Cobb, P. Donachie, G. Judah, V. Curtis, and
W.-P. Schmidt, “The effect of handwashing with water or soap
on bacterial contamination of hands,” International Journal of
Environmental Research and Public Health, vol. 8, no. 1,
pp. 97-104, 2011.

[2] V. W.Y. Wong, A. E. Cowling, and F. Aiello, “Hand hygiene
and risk of influenza virus infections in the community: a
systematic review and meta-analysis,” Epidemiology and In-
fection, vol. 142, no. 5, pp. 922-932, 2014.

[3] CDC, Improving child development: A New CDC Hand Washing
Study Shows Promising Results, CDC, Atlanta, GA, USA, 2016,
https://www.cdc.gov/handwashing/child-development.html.

[4] M. C. Freeman, M. E. Stocks, O. Cumming et al., “Systematic
review: hygiene and health: systematic review of handwashing
practices worldwide and update of health effects,” Tropical
Medicine & International Health, vol. 19, no. 8, pp. 906-916,
2014.

[5] V. Curtis and S. Cairncross, “Effect of washing hands with
soap on diarrhoea risk in the community: a systematic re-
view,” The Lancet Infectious Diseases, vol. 3, no. 5, pp. 275-
281, 2003.

[6] W. Nocole, “The WASH approach fighting waterborne dis-
eases in emergency situations,” Environ Health Perspective,
vol. 123, no. 1, 2015.

[7] WHO, Infection Prevention and Control. SAVE LIVES: Clean
Your Hands, WHO, Geneva, Switzerland, 2009, https://www.
who.int/infection-prevention/campaigns/clean-hands/slcyh-
about/en/.

[8] M. A. Agbor and C. C. Azodo, “Hand washing and barrier
practices among Cameroonian dental professionals,” Tan-
zania Dental Journal, vol. 16, no. 2, pp. 35-38, 2010.

[9] S. M. B. Sahar, G. G. Luam, and H. J. Muhamad, “Factors
associated with hand washing practices among adolescent
Yemeni students in Klang village, Malaysia,” International
Journal of Public Health and Clinical Sciences, vol. 5, no. 6,
pp. 2289-7577, 2018.

[10] S. P. Luby, M. Agboatwalla, D. R. Feikin et al., “Effect of
handwashing on child health: a randomised controlled trial,”
The Lancet, vol. 366, no. 9481, pp. 225-233, 2005.

[11] E. M. Akpabio and K. Takara, “Understanding and con-
fronting cultural complexities characterizing water, sanitation
and hygiene in sub-Saharan Africa,” Water International,
vol. 39, no. 7, pp. 921-932, 2014.

[12] F. A.Bieri, D.J. Gray, G. M. Williams et al., “Health-education
package to prevent worm infections in Chinese school-
children,” New England Journal of Medicine, vol. 368, no. 17,
pp. 1603-1612, 2013.

[13] Se Rabbi and N. C. Dey, “Exploring the gap between hand
washing knowledge and practices in Bangladesh: a cross-


https://www.cdc.gov/handwashing/child-development.html
https://www.who.int/infection-prevention/campaigns/clean-hands/slcyh-about/en/
https://www.who.int/infection-prevention/campaigns/clean-hands/slcyh-about/en/
https://www.who.int/infection-prevention/campaigns/clean-hands/slcyh-about/en/

BioMed Research International

sectional comparative study,” BMC Public Health, vol. 18,
p. 89, 2013.

[14] M. Cole, “Exploring the hand hygiene competence of student
nurses: a case of flawed self assessment,” Nurse Education
Today, vol. 29, no. 4, pp. 380-388, 2009.

[15] M. Mortell, “Hand hygiene compliance: is there a theory-
practice-ethics gap?” The British Journal of Nursing, vol. 12,
no. 7, pp. 1011-1014, 2012.

[16] A. Ergin, M. Bostanci, O. Onal, A. 1. Bozkurt, and N. Ergin,
“Evaluation of students’ social hand washing knowledge,
practices, and skills in a university setting,” Central European
Journal of Public Health, vol. 19, no. 4, pp. 222-227, 2011.

[17] J. Prah, M. Abdulai, O. Lasim, and A. Ampofo-Asiama,
“Assessment of hygiene practices among students at the
University of Cape Coast, Ghana,” International Research
Journal of Public Health, vol. 2, p. 21, 2018.

[18] R. Koenker, Quantile Regression in R: A Vignette, The Com-
prehensive R Archive Network (CRAN), St. Louis, MO, USA,
2019, https://cran.r-project.org/web/packages/quantreg/vignettes/
rq.pdf.

[19] M. Sultana, R. A. Mahumud, A. R. Sarker, and S. M. Hossain,
“Hand hygiene knowledge and practice among university
students: evidence from private universities of Bangladesh,”
Risk Management and Healthcare Policy, vol. 9, pp. 13-20,
2016.

[20] J. Pang, S. W. Chua, and L. Hsu, “Current knowledge, attitude
and behavior of hand and food hygiene in a developed res-
idential community of Singapore: a cross sectional survey,”
BMC Public Health, vol. 15, p. 577, 2015.

[21] M. B. Sahar Saeed, G. G. Luam, and H. J. Muhamad, “Factors
associated with hand washing practices among adolescent
Yemeni students in Klang Valley, Malaysia,” International
Journal of Public Health and Clinical Sciences, vol. 5, p. 6, 2018.

[22] S. Mariwa, K. Hampshire, and A. Kasim, “The impact of
gender and the physical environment on the hand washing
behavior of university students in Ghana,” Tropical Medicine
and International Health, vol. 17, no. 4, pp. 447-454, 2012.

[23] J. L. Anderson, C. A. Warren, E. Perez et al., “Gender and
ethnic differences in hand hygiene practices among college
students,” American Journal of Infection Control, vol. 36, no. 5,
pp. 361-368, 2008.

[24] H. D. Johnson, D. Sholcosky, K. Gabello, R. Ragni, and
N. Ogonosky, “Sex differences in public restroom hand-
washing behavior associated with visual behavior prompts,”
Perceptual and Motor Skills, vol. 97, no. 3, pp. 805-810, 2003.

[25] L. K. P. Suen, Z. Y. Y. So, and S. C. Lam, “Epidemiological
investigation on hand hygiene knowledge and behavior: a
cross sectional study on gender disparity,” BMC Public
Health, vol. 19, p. 401, 2019.

[26] R. Aunger, K. Greenland, S. W. Ploubidis, J. Oxford, and
V. Curtis, “The determinants of reported personal and
household hygiene behavior: a multi-country study,” PLoS
One, vol. 11, no. 18, Article ID e0159551, 2016.

[27] J. P. Cruz and M. A. Bashtawi, “Predictors of hand hygiene
practice among Saudi nursing students: a cross-sectional self-
reported study,” Journal of Infection and Public Health, vol. 9,
no. 4, pp. 485-493, 2016

[28] A. Y. Mfuh, C. S. Lukong, and A. Haruma, “Assessment of

knowledge, attitudes and practice of hand hygiene among

bachelor of nursing science students at Amadu Bello Uni-
versity Teaching Hospital, Zaria,” Pacific International Jour-

nal, vol. 2, p. 1, 2019.

O. A. Al-Khawaldeh, M. Al-Hussami, and M. Darawad,

“Influence of nursing students handwashing knowledge,

[29

(30]

(31]

beliefs, and attitudes on their handwashing compliance,”
Health, vol. 7, no. 5, pp. 572-579, 2015.

H. W. Muiru, “Knowledge, attitude and barriers to hands
hygiene practice: a study of Kampala International University
undergraduate medical students,” International Journal of
Community Medicine and Public Health, vol. 5, no. 9,
pp. 3782-3787, 2018.

C. P. Borchgrevink, J. Cha, and S. Kim, “Hand washing
practices in a college town environment,” Journal of Envi-
ronmental Health, vol. 75, no. 75, pp. 18-24, 2013.


https://cran.r-project.org/web/packages/quantreg/vignettes/rq.pdf
https://cran.r-project.org/web/packages/quantreg/vignettes/rq.pdf

MEDIATORS
INFLAMMATION

The Scientific Gastroenterology bl B Journal of .
World Journal Research and Practice Diabetes Researc Disease Markers

International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
www.hindawi.com

BioMed
Research International

PPAR Research

Journal o.f
Obesity

Evidence-Based P
Stem Cells Complementary and N Journal of
International Alternative Medicine : Oncology

Journal of

Qphthalmology

Parkinson’s
Disease

Behavioural Al DS Oxidative Medicine and
NGUVO|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine



https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

Copyright of BioMed Research International is the property of Hindawi Limited and its
content may not be copied or emailed to multiple sites or posted to alistserv without the
copyright holder's express written permission. However, users may print, download, or email
articlesfor individua use.



