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Abstract: The aim of this study is to assess the influence of the COVID-19 pandemic on under-
graduate students” knowledge, attitudes, and behaviors on hand and mobile phone hygiene. An
anonymous self-reported questionnaire was distributed among 100 Greek male and female undergrad-
uate students of all academic years who attended healthcare as well as non-healthcare curriculums.
Descriptive statistics and statistical tests (chi-squared and Wilcoxon signed-rank test) were used
(e = 5%). Students provided better responses during COVID-19, compared to the period before the
COVID-19 pandemic, concerning their hand washing frequency (p < 0.001), hand washing circum-
stances, certain hand washing procedures, as well as their mobile phones’ cleaning/disinfection
methods and frequency (p < 0.001). Statistically significant differences were observed between males
and females in their knowledge, attitudes, and behaviors on hand and mobile phone hygiene, fol-
lowed by faculty and year of studies. Overall, being a final-year female undergraduate student of
health sciences has a positive influence on correct knowledge, attitudes, and behaviors on hand and
mobile phone hygiene.
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1. Introduction

Mobile phones are considered an essential “high-touch” handheld item in today’s
society [1]. They are part of the so-called “emotional technology” and an integral accessory
for both professional and private life. Users have an emotional relationship with their
mobile phones and feel connected to them as a consequence of the personalized services
provided through them [2]. As society moves towards the use of this advanced technology,
many people do not consciously realize how often they touch their phones or where they
use them [1].

The use of mobile phones in multiple places has been found to increase the risk
of cross-contamination, especially in cases where no special care for phone cleaning and
disinfection is taken. Mobile phones act as a reservoir of microorganisms, as well as a vector
of infections [3]. Microorganisms that are present on the surface of a mobile phone can be
transferred to the user’s skin or to other surfaces and food, where they can survive and
multiply [4]. Further, the heat generated during their operation, as well as their placement
in a pocket, creates the right conditions for the incubation of pathogenic microorganisms [1].

Before the COVID-19 pandemic, mobile phone manufacturers stated that the use of
50% alcohol damages the mobile phone screen. Many microorganisms, including SARS-
CoV-2, cannot be eliminated by alcohol concentrations below 55%. In fact, two of the
biggest mobile phone companies (Apple and Samsung) did not recommend the use of any
chemical substances or sprays for cleaning the mobile phone screen. However, during the
COVID-19 pandemic, both Apple and Samsung have revised their user support guidelines,
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stating that 70% isopropyl alcohol, or disinfectant wipes, can be used to wipe the exterior
of mobile phones when powered off [5].

Even the complacency that the use of protective accessories on mobile phones reduces
their microbial load seems to be disproved. It was found that the application of plastic
protective cases, films, and screen protectors, does not affect the levels of microbial load
and colonization on mobile phones, as their use remains unchanged, even with these
materials applied. In any case, the use of alcohol-based disinfectants can effectively reduce
the number of colonies on mobile phones by 75% [6].

While mobile phone contamination in hospital settings has been thoroughly studied,
there are little data on mobile phone contamination in the academic community [7]. The
use of mobile phones is widespread among undergraduate students, serving social and
academic purposes. Those who attend programs in health sciences use their mobile phones
during their internship in hospitals or in clinical laboratories. At the same time, students of
other sciences also use their mobile phones when they practice or work in offices, where a
large number of people are usually present [8].

In addition, mobile phones can act as “Trojan horses” in the spread of pathogens,
especially during epidemics and pandemics, but this does not mean that the importance
of proper hand hygiene should be underestimated. Specifically, during the COVID-19
pandemic, hand hygiene has been recommended as a key infection control strategy by all
leading health organizations [9]. Although the role of healthcare workers’ hands in the
spread of nosocomial infections has also been highlighted by many previous studies, there
are still only a few studies investigating the hand hygiene of undergraduate students.

It is, therefore, obvious that during the COVID-19 pandemic, the hygiene behaviors of
certain social groups remain unstudied. The aim of this study is to assess the influence of
the COVID-19 pandemic on undergraduate students” knowledge, attitudes, and behaviors
on hand and mobile phone hygiene in a Greek university setting. The findings of this study
are considered of great importance, as they provide a clear view of how the COVID-19
pandemic triggered the changes in students” knowledge, attitudes, and behaviors on hand
and mobile phone hygiene based on their sex, faculty, and year of studies, where differences
are expected.

2. Materials and Methods

The self-reported questionnaire method was used for the assessment of the undergrad-
uate students” knowledge, attitudes, and behaviors on hand and mobile phone hygiene.

2.1. Study Design and Setting

This cross-sectional study was conducted between February and May 2022. The
Alexandreia campus of the International Hellenic University, located in the Sindos region
of Thessaloniki, Greece, was selected as the setting to conduct the research. This campus
consists of faculties of healthcare as well as non-healthcare curriculums, making it the ideal
setting for the purposes of this study.

At the time of the study, emergency governmental measures to protect public health
against the risk of further spread of COVID-19 had been enacted by law for the entire
Greek territory, thus for all Greek Universities as well. Therefore, the use of masks was
mandatory for all students, teachers, or other staff of the university, in all indoor and
crowded outdoor areas of the university, while the conduct of classes was in-person with
maximum room capacity. In addition, the entire academic community was required to
adhere to personal hygiene measures and was advised to use alcohol-based hand sanitizers.
Finally, informational posters on the use of masks and personal hygiene measures were
posted in all areas of the campus, while instructional brochures for proper hand washing
were posted above each toilet sink.
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2.2. Study Population

A convenience sample of 100 passing male and female undergraduate students of all
academic years, who attended healthcare as well as non-healthcare curriculums, partic-
ipated in the study. The participation was voluntary, and the inclusion criteria were as
follows: undergraduate students aged at least 18 years old; undergraduate students who
attended curriculums at the Alexandreia campus of the International Hellenic University;
undergraduate students who had a mobile phone device; undergraduate students who
consented to participate in the study:.

Therefore, the exclusion criteria were as follows: students under 18 years old; post-
graduate students, doctoral students, or any other member and staff of the university’s
academic community; undergraduate students who did not attend any curriculums of the
campus; students who did not have a mobile phone device; students unwilling to consent
for participation in the study. Given the above criteria and parameters, the sample size is
considered satisfactory [8]. Finally, the study was conducted unannounced, on different
days, and at random working hours of each week, while the study’s sampling point was
each time placed at different and random locations and faculties of the university campus
in order to collect a representative sample and to minimize the “Hawthorne effect” [10].

2.3. Questionnaire

An anonymous self-reported questionnaire was distributed to the participants, assess-
ing their knowledge, attitudes, and behaviors on hand and mobile phone hygiene. The
questionnaire consisted of 40 questions, which were separated into three main parts: Q1-Q5
for demographics (Part A); Q6—-Q32 for hand hygiene (Part B); Q33-Q40 for mobile phone
hygiene (Part C). For the composition of the study’s questionnaire, part of the questions
from the research questionnaires of Glabska et al. on hand hygiene [11], as well as of
Cicciarella Modica et al. on mobile phone hygiene [9], were used after permission was
obtained by contacting the research teams’ correspondence.

The questionnaire was translated to Greek, which is the mother language of the
study’s participants, applying a triple translation method (initially from English to Greek,
then from Greek to English, and finally from English to Greek) in order to avoid any
discrepancies and misunderstandings [12]. Before its intended use, the questionnaire was
pilot tested by 10 participants matching the inclusion criteria to ensure that it was accurate
and understandable [13]. The time required to complete the questionnaire was estimated
to be 10 min.

Some of the questions (Q13, Q15-Q32, and Q35-Q36) were divided into two parts,
asking the participants each question twice; for the period before the COVID-19 pandemic
and for the period during the COVID-19 pandemic. To enable an easier recall, the period
before COVID-19 was defined as the period when there was no mask use obligation and
social distancing enforcement at universities, while the period during COVID-19 was
defined as the current state that existed at the time of the study. Such a recall period is
considered to be reliable for studies conducted on adults concerning various behaviors [11].
In this article, the results of these particular questions asked for the pre-pandemic and
pandemic periods of COVID-19 are presented.

More specifically, a close-ended question concerning the hand washing frequency was
asked, with the following ordinal answers available: “not at all”, “1-2 times/day”, “3-5
times/day”, “6-10 times/day”, “11-15 times/day”, “16-20 times/day”, “21-30 times/day”,
and “>30 times/day”. In addition, the hand washing circumstances were also asked as close-
ended questions, offering the ordinal answers: “never”, “sometimes”, and “always”. The
asked circumstances of hand washing each began with “I wash my hands ... ” completed

a7

each time with the following phrases: “after coming back home”, “after handshaking”,

Za7i

“after using public transportation”, “after money exchange”, “before touching sick people”,
“after touching sick people”, and “after blowing my nose” [11].
Moreover, the hand washing procedures were assessed through close-ended ques-

7

tions, providing the following ordinal answers: “never”, “sometimes” and “always”. The
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following hand-washing procedures were asked: “I roll up my sleeves to wash my hands”,

V77i

“I remove my watch and bracelets to wash my hands”, “I remove rings before or when

VZanTi

washing my hands”, “I use soap to wash my hands”, “I wash my hands with warm water”,
“I soak my hands before using soap”, “I spread the soap foam over the entire surface of
my hands”, “I turn off the faucet in a public place by hand”, “I turn off the faucet at home
by hand”, “I dry my hands with a disposable towel”, and “I dry my hands with a cloth
towel” [11].

Finally, concerning mobile phone hygiene before and during the COVID-19 pandemic,
participants were asked two questions about the frequency as well as the means used for
the cleaning/disinfection of their mobile phones. In particular, a close-ended question
about the frequency of their mobile phones’ cleaning/disinfection was asked, with the
following ordinal choices: “never”, “once a year”, “once every 6 months”, “once a month”,
“once a week”, and “every day”. Those who did clean/disinfect their mobile phones were
also asked what means they use, for cleaning/disinfecting their mobile phones, with the
following nominal choices available: “alcohol/alcohol solution”, “disinfectant gel”, “wet

wipes”, “cloth/fabric”, and “other (a blank space was provided, in order to register any
other item the students used, to clean/disinfect their mobile phones)” [9].

2.4. Statistical Analysis

Statistical analysis was performed using IBM® Statistical Package for the Social Sci-
ences (SPSS®) for Windows®, version 29. Descriptive analyses were performed using
frequency tables and clustered bar charts. Pearson’s chi-squared test was also used to
test the independence between qualitative variables. In addition, in order to assess the
differences between the two data periods (before COVID-19 and during COVID-19) col-
lected from the same sample for different ordinal variables, the non-parametric Wilcoxon
signed-rank test was used. The statistical significance level was set at & = 0.05 (two-tailed).

2.5. Ethics Approval

The research protocol of this study received approval from the Research Ethics Com-
mittee of the University of West Attica (approval protocol code: 99754/9 November 2021).
In addition, permission was granted by the Rectorate of the International Hellenic Univer-
sity of Greece in order to conduct the research exclusively at the premises of the Alexandreia
campus, located in the area of Sindos—Thessaloniki, Greece. Participation in the study
was voluntary. Participants were informed about the study’s procedures, which were
written in detail on the first pages of the informed consent document. Written informed
consent was received from each participant. The self-reported questionnaires distributed
were anonymous, and neither any personally identifiable information nor the participants’
medical history was asked. The anonymity of the participants, as well as the confidentiality
of their answers, was ensured in every stage of the study, and all collected data were used
for research purposes only.

3. Results
3.1. Demographic Description

The demographic characteristics of the study’s sample are presented in Table 1. A
sample of 100 undergraduate students (51 males and 49 females) consented to take part in
this study who attended healthcare (55%) as well as non-healthcare (45%) curriculums. Most
of the students were in their final (fourth or greater) year of study (35%), followed by first-
year (24%), second-year (22%), and third-year (19%) students. Public transportation was
used by the majority of students (69%), while the rest of the students used private vehicles
(30%) and walking (1%) in order to reach the university campus. As for the attendance
frequency, most of the students reached the university campus on all five working days of
the week (34%), followed by those who were present every four times/week (26%), three
times/week (26%), twice/week (9%), once/week (4%), or other attendance frequency (1%).
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Table 1. The demographic characteristics of the studied sample of undergraduate students.

Variable N (%)
S Male 51 (51%)
X Female 49 (49%)
1st year 24 (24%)
. 2nd year 22 (22%)
Year of studies 3rd year 19 (19%)
4th + year 35 (35%)
Facult Health sciences 55 (55%)
y Other sciences 45 (45%)
Once a week 4 (4%)
Twice a week 9 (9%)
How often do you attend the University Three times a week 26 (26%)
premises during the week? Four times a week 26 (26%)
Five times a week 34 (34%)
Other * 1 (1%)
What means of transport did you use today to PI'IV? te vehicle 30 (300/0)
come to the University? Public transport 69 (69%)
) Other * 1 (1%)

* If this answer was selected, a blank space was provided, and students were asked to define.

3.2. Hand Hygiene

The daily frequency of students” hand washing before COVID-19 as well as during
the COVID-19 pandemic periods is shown in Table 2. A significant (p < 0.001) increased
frequency of hand washing during COVID-19 was observed compared to the period
before the COVID-19 pandemic. The majority of students (32%) stated a hand washing
frequency of 6-10 times/day during COVID-19, while for the period before the COVID-19
pandemic, most students (37%) washed their hands 3-5 times/day. It is worth mentioning
that concerning the period before COVID-19, some participants were not washing their
hands (1%) or doing so 1-2 times/day (21%), while during the COVID-19 pandemic, these
responses were reduced (0% for “not at all” and 6% for “1-2 times/day”, respectively).

Table 2. The declared hand washing frequency of the studied sample of undergraduate students for
the periods before and during the COVID-19 pandemic.

. Before During
Variable COVID-19  COVID-19 P
Not at all 1 (1%) 0 (0%)
1-2 times/day 21 (21%) 6 (6%)
3-5 times/day 37 (37%) 23 (23%)
. 6-10 times/day 26 (26%) 32 (32%)
Hand washing frequency 11-15 times,/day 9 (9%) 14 (14%) <0.001 *
16-20 times/day 5 (5%) 19 (19%)
21-30 times/day 1(1%) 4 (4%)
>30 times/day 0 (0%) 2 (2%)

* p-value was calculated using the non-parametric Wilcoxon signed-rank test.

All of the assessed circumstances of hand washing were found as statistically signif-
icant and are presented in Table 3. The share of participants, who always washed their
hands on each of the assessed circumstances, was significantly higher during the COVID-19
period compared to the period before the COVID-19 pandemic. The highest rates of hand
washing during the COVID-19 period were stated for circumstances “after coming back
home” (90%) and “after touching sick people” (89%).
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Table 3. The declared hand washing circumstances of the studied sample of undergraduate students,
for the periods before and during the COVID-19 pandemic.

Variable Before COVID-19 During COVID-19 4

I wash my hands after coming back home

Never 5 (5%) 3 (3%)
Sometimes 20 (20%) 7 (7%) <0.001 *
Always 75 (75%) 90 (90%)

I'wash my hands after handshaking

Never 46 (46%) 17 (17%)
Sometimes 45 (45%) 61 (61%) <0.001 *
Always 9 (9%) 22 (22%)

I wash my hands after using public transportation

Never 8 (8%) 6 (6%)
Sometimes 35 (35%) 15 (15%) <0.001 *
Always 57 (57%) 79 (79%)

I'wash my hands after money exchange

Never 30 (30%) 9 (9%)
Sometimes 48 (48%) 47 (47%) <0.001 *
Always 22 (22%) 44 (44%)

I wash my hands before touching sick people

Never 8 (8%) 4 (4%)
Sometimes 25 (25%) 17 (17%) <0.001 *
Always 67 (67%) 79 (79%)

I'wash my hands after touching sick people

Never 2 (2%) 2 (2%)
Sometimes 19 (19%) 9 (9%) 0.008 *
Always 79 (79%) 89 (89%)

I wash my hands after blowing my nose

Never 22 (22%) 12 (12%)
Sometimes 49 (49%) 45 (45%) <0.001 *
Always 29 (29%) 43 (43%)

* p-values were calculated using the non-parametric Wilcoxon signed-rank test.

However, less than half of the assessed hand washing procedures, namely those “I
remove my watch and bracelets to wash my hands” (p = 0.002), “I remove rings before
or when washing my hands” (p = 0.011), “I turn off the faucet in a public place by hand”
(p < 0.001) and “I dry my hands with a disposable towel” (p < 0.001), were statistically
significant, as shown in Table 4. The rest of the procedures assessed presented similar
response rates between the two studied periods; thus, no statistically significant differences
were observed. In general, the highest compliance rates during the COVID-19 period were
declared for only two of the assessed hand-washing procedures, namely those of “I use
soap to wash my hands” (93%) and “I spread the soap foam over the entire surface of my
hands” (90%).
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Table 4. The declared hand washing procedures of the studied sample of undergraduate students,
for the periods before and during the COVID-19 pandemic.

Variable Before COVID-19 During COVID-19 p
I'roll up my sleeves to wash my hands
Never 5 (5%) 6 (6%)
Sometimes 28 (28%) 25 (25%) 0.705 *
Always 67 (67%) 69 (69%)
I remove my watch and bracelets to wash my hands
Never 44 (44%) 35 (35%)
Sometimes 36 (36%) 44 (44%) 0.002 *
Always 20 (20%) 21 (21%)
I remove rings before or when washing my hands
Never 41 (41%) 38 (38%)
Sometimes 26 (26%) 24 (24%) 0.011*
Always 33 (33%) 38 (38%)
I use soap to wash my hands
Never 2 (2%) 2 (2%)
Sometimes 8 (8%) 5 (5%) 0.083 *
Always 90 (90%) 93 (93%)
I wash my hands with warm water
Never 12 (12%) 10 (10%)
Sometimes 66 (66%) 68 (68%) 0.317 *
Always 22 (22%) 22 (22%)
I soak my hands before using soap
Never 7 (7%) 7 (7%)
Sometimes 16 (16%) 15 (15%) 0.317 *
Always 77 (77%) 78 (78%)
I spread the soap foam over the entire surface of my hands
Never 2 (2%) 2 (2%)
Sometimes 10 (10%) 8 (8%) 0.317 *
Always 88 (88%) 90 (90%)
I turn off the faucet in a public place by hand
Never 15 (15%) 31 (31%)
Sometimes 47 (47%) 39 (39%) <0.001 *
Always 38 (38%) 30 (30%)
I turn off the faucet at home by hand
Never 1 (1%) 2 (2%)
Sometimes 14 (14%) 14 (14%) 0.157 *
Always 85 (85%) 84 (84%)
I dry my hands with a disposable towel
Never 36 (36%) 29 (29%)
Sometimes 52 (52%) 53 (53%) <0.001 *
Always 12 (12%) 18 (18%)
I dry my hands with a cloth towel
Never 11 (11%) 10 (10%)
Sometimes 45 (45%) 47 (47 %) 1*
Always 44 (44%) 43 (43%)

* p-values were calculated using the non-parametric Wilcoxon signed-rank test.
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3.3. Mobile Phone Hygiene

The cleaning/disinfection frequency of students’ mobile phones between the periods
before and during the COVID-19 pandemic is shown in Figure 1. A significant (p < 0.001)
increased frequency of mobile phone cleaning/disinfection was observed during COVID-
19, compared to the period before the COVID-19 pandemic. The majority of students
cleaned/disinfected their mobile phones once a week (27%) or once a month (27%) be-
fore COVID-19, while during COVID-19, most students (30%) cleaned /disinfected their
mobile phones every day. It is worth mentioning that the share of students who never
cleaned/disinfected their mobile phones (13%) before COVID-19 reduced significantly
during the COVID-19 pandemic (4%). Moreover, students who cleaned/disinfected their
mobile phones every day remarkably increased, between the two studied periods, from 9%
before COVID-19 to 30% during the COVID-19 pandemic.

MBefore COVID-19

Every day, MDuring COVID-19

Once a week

Once a month

)
N
)
X

[
Q
R

Once every 6 months

Once a year

Mobile phone

= o
g Q
R

Never|

)
R

10.0% 20.0% 30.0%
Percent

Figure 1. Mobile phones’ cleaning/disinfection frequency before and during the COVID-19 pandemic.

As for the means used by students for cleaning/disinfecting their mobile phones, the
results are presented in Figure 2. Wet wipes were the most popular means used by the
majority of undergraduate students in both studied periods (59% before COVID-19 and
47% during the COVID-19 pandemic). However, the use of cloth/fabric, wet wipes, or
other means became less popular during the COVID-19 period, in which an increased use
of alcohol/alcohol solution and disinfectant gel was observed.

MBefore COVID-19
Mouring COVID-19

-
|
x

Other

Cloth/fabric

7.0°

phone

o
- <
= =
o
2
‘3
X

Wet wipes

Disinfectant gel

Alcohol/alcohol solution’

Means used for the cleaning/disinfection of mobile

@
<]
e
R

Q

% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%
Percent

Figure 2. Means used for the cleaning/disinfection of mobile phones before and during the COVID-19
pandemic.

3.4. Influence of Sex, Faculty, and Year of Studies

Statistically significant differences were observed, between males and females, in
certain hand washing circumstances and procedures, as well as in frequency and means
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of mobile phones’ cleaning/disinfection, as presented in Table 5. Female participants
provided better responses overall, in terms of knowledge, attitudes, and behaviors on
hand and mobile phone hygiene, compared to male participants, on each of the studied
parameters. However, while female students mostly used wet wipes to clean/disinfect
their mobile phones, male students preferred the use of more effective means, such as
alcohol/alcohol solution and disinfectant gel, for the same purpose.

Table 5. Statistically significant hand washing circumstances and procedures, as well as the frequency
and means of mobile phones’ cleaning/disinfection, in relation to the participants” sex *.

Variable Males Females 4
I wash my hands after handshaking during COVID-19
Never 14 (14%) 3 (3%)
Sometimes 30 (30%) 31 (31%) 0.007 **
Always 7 (7%) 15 (15%)
I washed my hands after using public transportation before COVID-19
Never 6 (6%) 2 (2%)
Sometimes 23 (23%) 12 (12%) 0.015 **
Always 22 (22%) 35 (35%)
I wash my hands after using public transportation during COVID-19
Never 6 (6%) 0 (0%)
Sometimes 11 (11%) 4 (4%) 0.005 **
Always 34 (34%) 45 (45%)
I wash my hands after money exchange during COVID-19
Never 8 (8%) 1 (1%)
Sometimes 24 (24%) 23 (23%) 0.044 **
Always 19 (19%) 25 (25%)
I washed my hands before touching sick people before COVID-19
Never 4 (4%) 4 (4%)
Sometimes 19 (19%) 6 (6%) 0.014 **
Always 28 (28%) 39 (39%)
I removed my watch and bracelets to wash my hands before COVID-19
Never 28 (28%) 16 (16%)
Sometimes 17 (17%) 19 (19%) 0.038 **
Always 6 (6%) 14 (14%)
I remove my watch and bracelets to wash my hands during COVID-19
Never 22 (22%) 13 (13%)
Sometimes 23 (23%) 21 (21%) 0.044 **
Always 6 (6%) 15 (15%)
I removed rings before or when washing my hands before COVID-19
Never 33 (33%) 8 (8%)
Sometimes 11 (11%) 15 (15%) <0.001 **
Always 7 (7%) 26 (26%)
I remove rings before or when washing my hands during COVID-19
Never 31 (31%) 7 (7%)
Sometimes 10 (10%) 14 (14%) <0.001 **
Always 10 (10%) 28 (28%)
I used soap to wash my hands before COVID-19
Never 2 (2%) 0 (0%)
Sometimes 7 (7%) 1 (1%) 0.032 **

Always 42 (42%) 48 (48%)
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Table 5. Cont.

Variable Males Females 4
I spread the soap foam over the entire surface of my hands during COVID-19
Never 2 (2%) 0 (0%)
Sometimes 7 (7%) 1 (1%) 0.032 **
Always 42 (42%) 48 (48%)
Cleaning/disinfection frequency of mobile phone during COVID-19
Never 4 (4%) 0 (0%)
Once a year 4 (4%) 1 (1%)
Once every 6 months 5 (5%) 3 (3%) 0.014 **
Once a month 16 (16%) 10 (10%) ’
Once a week 14 (14%) 13 (13%)
Every day 8 (8%) 22 (22%)
Means used for the cleaning/disinfection of mobile phone during COVID-19
Alcohol/Alcohol 18 (18%) 12 (12%)
solution
Disinfectant gel 4 (4%) 9 (9%) 0,009 **
Wet wipes 20 (20%) 27 (27%) )
Cloth/fabric 5 (5%) 1 (1%)
Other *** 4 (4%) 0 (0%)

* Some categories were merged due to low expected frequencies (<5). ** p-values were calculated using Pearson’s
chi-squared test. *** If this answer was selected, a blank space was provided, and students were asked to define.

Hand washing frequency during the COVID-19 period (p = 0.010), as well as hand
washing before touching sick people before the COVID-19 pandemic (p = 0.013), were
significantly influenced by the students’ year of studies, as shown in Table 6. Final-year
students performed better in terms of hand washing frequency, followed by third-year,
first-year, and second-year students. Accordingly, final-year students also provided better
responses in terms of hand washing before touching sick people, followed by first-year,
second-year, and third-year students.

Table 6. Statistically significant hand washing frequency and circumstances in relation to the partici-
pants’ year of studies *.

Variable 1st Year 2nd Year 3rd Year 4th + Year 4
Hand washing frequency during COVID-19
Not at all 0 (0%) 0 (0%) 0 (0%) 0 (0%)
1-2 times/day 2 (2%) 3 (3%) 0 (0%) 1 (1%)
3-5 times/day 4 (4%) 5 (5%) 2 (2%) 12 (12%)

6-10 times/day 12 (12%) 8 (8%) 2 (2%) 10 (10%) 0.027 **
11-15 times/day 2 (2%) 2 (2%) 6 (6%) 4 (4%) )
16-20 times/day 4 (4%) 2 (2%) 7 (7%) 6 (6%)

21-30 times/day 0 (0%) 2 (2%) 0 (0%) 2 (2%)
>30 times/day 0 (0%) 0 (0%) 2 (2%) 0 (0%)
I washed my hands before touching sick people before COVID-19
Never 4 (4%) 1 (1%) 2 (2%) 1 (1%)
Sometimes 2 (2%) 5 (5%) 2 (2%) 16 (16%) 0.020 **
Always 18 (18%) 16 (16%) 15 (15%) 18 (18%)

* Some categories were merged due to low expected frequencies (<5). ** p-values were calculated using Pearson’s
chi-squared test.

Finally, faculty was only associated with hand washing before touching sick people, the
periods before COVID-19 (p = 0.002), as well as during the COVID-19 pandemic (p = 0.003).
Undergraduate students who attended healthcare curriculums offered better responses
compared to those who belonged to non-healthcare curriculums, as presented in Table 7.
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Table 7. Statistically significant hand washing circumstances in relation to the participants’ faculty *.

Variable Health Sciences Other Sciences 4
I washed my hands before touching sick people before COVID-19
Never 2 (2%) 6 (6%)
Sometimes 8 (8%) 17 (17%) 0.002 **
Always 45 (45%) 22 (22%)
I'wash my hands before touching sick people during COVID-19
Never 0 (0%) 4 (4%)
Sometimes 5 (5%) 12 (12%) 0.001 **
Always 50 (50%) 29 (29%)

* Some categories were merged due to low expected frequencies (<5). ** p-values were calculated using Pearson’s
chi-squared test.

4. Discussion

This study assessed the influence of the COVID-19 pandemic on knowledge, attitudes,
and behaviors on hand and mobile phone hygiene of Greek undergraduate students in a
university setting, using an anonymous self-reported questionnaire. There was an equal
share between male and female participants, as well as students who attended healthcare
and non-healthcare curriculums from all years of study. The majority of participants
reached the university’s premises, on all working days of each week, through the use of
public transport. This fact is a cause for concern, indicating the increased health risk faced
by students due to frequent and continuous crowding and contact with various surfaces,
especially during the COVID-19 pandemic period. A previous study also indicated that
university students are at risk of infection due to living and working in close proximity to
one another [14].

In terms of hand hygiene, an increased hand washing frequency was observed between
the two studied periods. Students” majority washed their hands more frequently during
COVID-19 than in the period before the COVID-19 pandemic. Similar results were observed
in previous studies, where the daily hand washing frequency of most students ranged
between 6-10 times as well [15,16]. Indicatively, the nation-wide study by Glabska et al.
conducted in Poland, with a sample of 2323 secondary school students aged 15-20 years
old, investigated hand hygiene behaviors before and during the COVID-19 pandemic. The
results showed that the majority’s hand washing frequency (58.4%) during the COVID-19
pandemic was significantly higher (p < 0.0001, 6-15 times/day) compared to the period
before COVID-19 (3-10 times/day). In addition, those who stated that they only washed
their hands whenever was considered necessary before COVID-19 (35.6%, p < 0.0001),
during COVID-19, they always washed their hands after each hand-involving occasion
(54.8%) [11].

Moreover, it appears that pandemic situations lead to an increased hand washing
frequency. In a previous study conducted during the “swine flu” (HIN1) pandemic period
in 2009, Park et al. reported an increased hand washing frequency among participants
compared to one year prior [17]. In this study, however, despite the increased frequency of
hand washing during the COVID-19 period, a fairly large proportion of participants caused
concern due to their reduced frequency of hand washing, even during the pandemic.

Improvement in responses was also observed among participants in all of the studied
hand-washing circumstances between the two studied periods. During the COVID-19
period, the proportion of participants who always wash their hands increased significantly
compared to the period before the COVID-19 pandemic. These findings are in agreement
with the results of a previous study by Glabska et al., where the same hand-washing
circumstances were assessed, leading to similar responses, thus, significance levels [11].
Comparing the results of this study and those of the study by Glabska et al., similar response
rates of “always” are observed between the two population samples during COVID-19,
concerning their hand washing “after coming back home” (90% and 90.1% respectively)
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and “after touching sick people” (89% and 85%, respectively), as stated by the highest share
of participants in both studies [11].

High response rates of hand washing after touching sick people have also been
observed in previous studies [18,19]. While it is broadly known that hand hygiene must be
performed before touching sick people [20], a significantly small proportion of students
declared that they always wash their hands before touching sick people, compared to
those who do so after touching sick people, in both of the studied periods. This finding
suggests that the principles learned by students are more self-protection oriented rather
than patient-protection oriented, especially in healthcare curriculums [21].

Such behaviors cause concern, as they endanger the health of patients by exposing
them to various microorganisms. Bacteria, for instance, are the most dominant group
of the human skin microbiome, including species of coagulase-negative staphylococci,
especially Staphylococcus epidermidis, anaerobic Propionibacterium acnes, Corynebacterium,
Micrococcus, Streptococcus, and Acinetobacter. The pathogenic nature of Staphylococcus
epidermidis, relies on the skin condition, as well as the individual properties of the bacterial
strain. Similarly, Staphylococcus aureus, which is considered a pathogenic species, may be
part of the normal skin flora of approximately 10-20% of healthy people [22]. Human
hands, in particular, are the main contributors to the interpersonal, intrapersonal, and
environmental transfer of microorganisms [23]. In contrast, only four of the assessed
hand washing procedures, namely those “I remove my watch and bracelets to wash my
hands”, “I remove rings before or when washing my hands”, “I turn off the faucet in
a public place by hand”, and “I dry my hands with a disposable towel”, presented a
statistically significant improvement in participants’ responses between the two studied
periods. In particular, it is worth mentioning that during COVID-19, fewer participants
turned off the faucet in a public place by hand compared to the period before the COVID-19
pandemic, as also proved in a previous study [24]. The rest of the studied hand washing
procedures had similar response rates before COVID-19, compared to the period during
the COVID-19 pandemic. As a result, it appears that the COVID-19 pandemic had less
effect on the knowledge, attitudes, and behaviors of undergraduate students concerning
these hand-washing procedures. However, comparing the results of this study and those
of the study by Glabska et al., similar response rates of “always” are observed between
the two population samples during COVID-19 concerning the use of soap (93% and 94.7%,
respectively), as stated by the highest share of participants in both studies [11].

As for the means used for hand hygiene, alcohol is the main active substance used in
alcohol-based hand disinfectants due to its ability to denature proteins and inactivate all
enveloped and most non-enveloped viruses. It is most effective at concentrations between
60% and 80% by significantly reducing the bacterial colonies on the skin, but it is incapable
of eliminating most spores [25]. Furthermore, ethanol-based and isopropanol-based hand
disinfectants are effective against bacteria and viruses, while soap washes away bacteria
and viruses by dissolving the oily layer on the skin’s surface. In particular, SARS-CoV-2
and influenza A virus were inactivated more promptly on skin surfaces compared to other
surfaces such as stainless steel, glass, and plastic. The SARS-CoV-2 survived longer on
human skin than the influenza A virus, with survival times of 9.04 h and 1.82 h, respectively,
which increases the risk of contact transmission, thus accelerating the COVID-19 pandemic.
However, both SARS-CoV-2 and influenza A virus were completely inactivated within 15 s
by applying 80% w/w ethanol on human skin [26].

Therefore, hand disinfectants are considered supplementary means for hand washing,
which are more effective in removing bacteria and viruses compared to washing hands
with just water. Indicatively, a significant decrease in residual fluorescence and bacterial
colonies was observed after washing hands with soap under running water, after hand
sanitization with an alcohol gel disinfectant, as well as after wiping hands with antibacterial
wet wipes, compared to hand hygiene using only running water [27]. However, there are
still ongoing debates concerning the effectiveness and preference between alcohol-based
hand disinfectants and soap against pathogens [25]. Similarly, the results of this study
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cannot clearly demonstrate the efficacy or the participants’ preference between these two
hand hygiene methods. Furthermore, there is a strong association of colonization between
the hands and surfaces. As demonstrated by the findings of a study that analyzed a total
of 69 pairs of samples obtained from hands and surfaces, in all cases, the same bacterial
species were recovered, both from the hand and from the respective environmental surface
where the sample was taken [28]. Another study compared the type of microorganisms
between smartphone touchscreens and participants” hands. It was found that only 22% of
the microbiome of their hands coincided with that of their mobile phones, while for those
who shared their mobile phone with others, their hands” microbiome was only 17% similar
to that of their mobile phones. Male participants shared their mobile phones more with
other people by 82%, compared to females [29]. It is therefore understood that most of our
mobile phones” microbial load is of external origin.

According to the scoping review of Olsen et al., most studies identified the presence of
bacteria on mobile phones, with Staphylococcus aureus, Coagulase-Negative Staphylococci,
and Escherichia coli as the most dominant species, both in healthcare and community mobile
phone samples. Methicillin-resistant Staphylococcus aureus (MRSA), Acinetobacter sp., and
Bacillus sp. were also identified in over a third of the studies in healthcare settings. Although
this review focused on the microbial identification of mobile phones in healthcare and
community settings, rather than the issue of SARS-CoV-2 itself, it exposed the possible
contribution of mobile phones to the transmission of microbial infections in epidemic and
pandemic situations [30]. The presence of pathogenic bacteria species, such as MRSA and
Escherichia coli, on hands and mobile phones is a cause for concern, especially in high-risk
environments of healthcare and food-handling settings [23].

Apart from bacteria, viruses can also be transferred between a person’s contaminated
skin and a fomite surface, especially in cases of high-contact surfaces such as mobile
phones [31]. Respiratory viruses, in particular, have the ability to persist on surfaces for
a few days, contributing to nosocomial transmission [32]. Previous studies have shown
the presence of viral RNA from epidemic viruses, including metapneumovirus, respiratory
syncytial virus, and rotavirus [32], as well as the presence of viral DNA from epidemic
viruses, such as respiratory adenovirus and bocavirus, on the mobile phones of healthcare
workers [33]. However, no viral culture was conducted in the above studies; thus, the
viability of the detected viruses on mobile phones remained undetermined [34]. In contrast,
the presence of infectious influenza A and B virus RNA has previously been detected on
the mobile phones of patients with laboratory-confirmed influenza [35].

Regarding the SARS-CoV-2 survival on various surfaces, in the study of Riddell et al.,
virus isolates of SARS-CoV-2 were detected and remained infectious for up to 28 days at
20 °C, on all non-porous surfaces such as glass, polymer, stainless steel, vinyl, and paper.
At 30 °C, infectious virus isolates still remained for 7 days on stainless steel, polymer, and
glass surfaces, as well as for 3 days on vinyl and cotton cloth. At 40 °C, however, (a surface
temperature threshold that can be reached during the operation of a mobile phone), the
recovery of the SARS-CoV-2 virus was significantly lower than it was both at 20 °C and
30 °C [31]. Other studies suggested that the SARS-CoV-2 virus can remain viable on plastic
surfaces for up to 7 days, while only for up to 3 h on paper [36,37]. Overall, a descending
classification of the virus stability on each surface material indicates that the SARS-CoV-2
virus survives longer on polypropylene materials, followed by plastic, glass, stainless
steel, pig skin, cardboard, banknote, cotton, wood, paper, tissue, and copper surfaces [36].
The persistence of SARS-CoV-2 on glass and vinyl surfaces, which happen to be the most
common mobile phone materials, is a cause for concern, suggesting that mobile phones
are a potential source of transmission, and should therefore be disinfected [31]. Therefore,
hand hygiene alone may be less effective because cleaned hands could be recontaminated
by touching contaminated personal objects or surfaces. Thus, the cleaning of mobile phones
or other frequently used objects or touched surfaces should be considered [35].

In this study, most participants cleaned /disinfected their mobile phones once a week
or once a month before COVID-19, while during the COVID-19 pandemic, most of them
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did so every day. Similar results were observed in the study by Ahmad et al., where
22.4% of participants cleaned their phones daily, 27% weekly, and 19.7% once a month [38].
However, while there is a significant increase in daily mobile phone cleaning/disinfection
during COVID-19, compared to the period before the COVID-19 pandemic, a relatively
large proportion of undergraduate students still performs inadequately in terms of mobile
phone cleaning/disinfection frequency.

As for the cleaning/disinfection methods of students” mobile phones, wet wipes
were the most popular means used by the majority of undergraduate students before
COVID-19 as well as during the COVID-19 pandemic, followed by alcohol/alcohol solution,
disinfectant gel, cloth/fabric, and other means. Similarly, in the study by Ahmad et al.,
wet wipes were used by the majority of participants (38.6%) in order to clean their mobile
phones, followed by alcohol-based disinfectant solution (16.6%), hand sanitizer (12%), and
other means (2.7%) [38]. In this study, however, it is worth mentioning that during the
COVID-19 period, the use of cloth/fabric, wet wipes, or other means became less popular
and were partially replaced by alcohol/alcohol solution and disinfectant gel.

Moreover, in a study conducted among 304 undergraduate students, out of 151 who
belonged to health sciences, 72% (n = 109/151) stated that they use their mobile phones in
hospital or laboratory settings. Only 60% (n = 183/304) of all participants declared that they
clean or disinfect their devices. Unfortunately, 78% (n = 142/183) of those students stated
that they simply clean their devices, while 97% (n = 138/142) of them rubbed their mobile
phones on their clothes, on their hands, by using a towel, or a wet cloth. The remaining 3%
(n =4/142) is a shocking example of a lack of knowledge on proper cleaning procedures
since they cleaned their devices by exhaling on the surface of their mobile phones, and later
rubbing them onto their clothes. Only a small percentage of 22% (n = 41/183) stated that
they disinfect their mobile phones using antimicrobial substances [8].

Participants’ sex was found to greatly influence the knowledge, attitudes, and be-
haviors of undergraduate students in terms of hand and mobile phone hygiene. Female
participants demonstrated a higher overall performance on certain hand washing circum-
stances and procedures, as well as in the frequency and means of their mobile phones’
cleaning/disinfection. There are several studies that identified sex as a determinant of
hand and mobile phone hygiene among undergraduate students, indicating a better level
of knowledge, attitudes, and behaviors in females than in males [13-15,39-43]. In this
study, however, male participants preferred the use of more effective means, such as alco-
hol/alcohol solution and disinfectant gel during COVID-19, compared to females, who
mostly used wet wipes in order to clean/disinfect their mobile phones. In addition, a
possible explanation for females’ better response rates on the removal of bracelets, watches,
and rings when hand washing is due to the widespread use of such accessories by them,
compared to males.

The year of studies also influenced the participants” attitudes and behaviors in terms of
hand washing frequency during the COVID-19 period and hand washing before touching
sick people before the COVID-19 pandemic. It was found that senior students washed
their hands more frequently during COVID-19 compared to the students in their junior
years of studies, as proved by previous studies as well [18,24]. Moreover, in this study,
senior-year students also washed their hands before touching sick people, in the period
before the COVID-19 pandemic, compared to the students in their junior years of studies.
This behavior is observed, especially in the case of healthcare students, where first and
second-year students do not come in contact with or have the responsibility of a patient,
which leads to a lack of appreciation of the importance of hand washing [44].

As for the field of education, faculty was another determinant of hand washing
among undergraduate students. Participants who attended curriculums of health sciences
provided better responses on hand washing before touching sick people in both of the
studied periods (before COVID-19, as well as during the COVID-19 pandemic) compared
to students of other sciences. Healthcare students also performed better in terms of hand
hygiene in previous studies, compared to non-healthcare students [16,45], especially in
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cases of previous and after direct contact with a patient [40]. A possible explanation of
these differences in response rates is that healthcare undergraduate students come in
contact with sick people/patients more frequently due to their job’s nature. However, there
is evidence that students tend to overestimate their knowledge and adherence to hand
hygiene practices, especially those involved in healthcare [16].

In general, young adults aged between 18 and 29 years old are considered a hetero-
geneous population. Thus, the identification of differences in their knowledge, attitudes,
and behaviors on hand and mobile phone hygiene could be useful in terms of public
health policy making and health education planning, especially in the context of greater
awareness, such as the COVID-19 pandemic [45]. To the best of the authors” knowledge,
this is the first study that investigates the influence of COVID-19 on hand and mobile
hygiene combined, among Greek undergraduate students of healthcare and non-healthcare
studies, based on their sex, faculty, and year of studies. The results of this study suggest
that an increased emphasis should be given, on the education of undergraduate students,
on hand and mobile phone hygiene topics, especially in junior years of non-healthcare and
healthcare curriculums, as proposed by other studies as well [18,46]. Through the inclusion
of the above topics in their main curriculum, the knowledge, attitudes, and behaviors of
future healthcare and non-healthcare professionals are enhanced.

Finally, the limitations of the present study include the following: the self-reporting
of information regarding hygiene habits [47], the cross-sectional design, which does not
allow for causality conclusions [48], as well as the convenience sampling, used that affects
the generalizability of these results [49]. Nevertheless, this study provides a clear view
and additional information on the influence of the COVID-19 pandemic on students’
knowledge, attitudes, and behaviors on hand and mobile phone hygiene. Longitudinal
data are necessary to further unravel the impact of the COVID-19 pandemic on the above-
mentioned variables. Future research should focus on investigating the transmissibility
of SARS-CoV2 or other respiratory viruses among undergraduate students due to mobile
phone use, as well as their isolation and viability on students” mobile phone surfaces.

5. Conclusions

It is evident that the COVID-19 pandemic greatly affects the hand and mobile phone
hygiene knowledge, attitudes, and behaviors of Greek undergraduate students. Statisti-
cally significant differences were observed, concerning students’ hand washing frequency
and hand washing circumstances, between the two studied periods. In general, students
demonstrated an increased adherence to hand and mobile phone hygiene practices during
COVID-19, compared to the period before the COVID-19 pandemic. However, only a few
of the assessed hand-washing procedures were altered due to the COVID-19 pandemic,
indicating a lesser degree of behavioral change, in that case, between the two studied
periods. Mobile phone cleaning/disinfection frequency also increased during COVID-19,
while wet wipes and alcohol/alcohol solutions were the most preferred means used by
students in order to clean/disinfect their mobile phones. Moreover, statistically signifi-
cant differences were observed, between male and female participants, regarding their
knowledge, attitudes, and behaviors on hand and mobile phone hygiene, followed by their
faculty and year of studies. Overall, being a final-year female undergraduate student of
health sciences has a positive influence on correct knowledge, attitudes, and behaviors on
hand and mobile phone hygiene.
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