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Abstract
As technology advances, smart phone (SP) use is on the rise, including in foodservice
establishments. Likewise, the incidence of foodborne-illness in the United States remains high.
The presence of disease-responsible microorganisms on health care employees’ mobile phones is
well-documented, but little research has examined this relationship concerning foodservice
employees’ SPs. Employees (n=50) from a Michigan foodservice establishment were surveyed
for their SP use behaviors, and their SPs were swabbed to detect Salmonella, coliforms, and
norovirus. Poor hygienic behaviors, such as SP use in the bathroom (75.5%, n=37) were
widespread. ServSafe®-certified employees (46%, n=23) were significantly (p=0.041) less likely
to use SPs in the bathroom and washed hands significantly (p=0.035) more frequently before SP
use after sneezing and coughing. Scarce coliform growth (4.1 %, n=2), but no Salmonella or
norovirus was found on SPs. Unhygienic behaviors reported with SP use during work,
necessitate developing policies for SP use by foodservice personnel.

iii

Table of Contents
Acknowledgments........................................................................................................................... ii
Abstract .......................................................................................................................................... iii
List of Tables ................................................................................................................................. vi
List of Figures ............................................................................................................................... vii
Abbreviations ............................................................................................................................... viii
Definition of Terms......................................................................................................................... x
Chapter 1: Introduction and Background ........................................................................................ 1
Introduction ................................................................................................................................. 1
Statement of the Problem ............................................................................................................ 2
Hypothesis ................................................................................................................................... 3
Justification and Significance...................................................................................................... 3
Chapter 2: Review of Related Literature ........................................................................................ 4
Foodborne Disease ...................................................................................................................... 4
Mobile Phones ............................................................................................................................. 5
Chapter 3: Research Methodology................................................................................................ 16
Research Design ........................................................................................................................ 16
Survey........................................................................................................................................ 16
Environmental Testing .............................................................................................................. 18
Assay ......................................................................................................................................... 22

iv

Statistical Analysis .................................................................................................................... 24
Chapter 4: Results ......................................................................................................................... 25
Subject Demographics............................................................................................................... 25
Mobile Phone & Smart Phone History...................................................................................... 26
Work-Related Behaviors ........................................................................................................... 27
Sanitation-Related Tasks ........................................................................................................... 29
Spearman Rank Order Co-Correlates ........................................................................................ 34
Smart Phone Use Sanitation and Associated Beliefs ................................................................ 37
Environmental Testing .............................................................................................................. 39
Chapter 5: Discussion, Recommendations for Further Research, and Conclusions ..................... 41
Discussion ................................................................................................................................. 41
Limitations and Recommendations for Future Research .......................................................... 44
Conclusions ............................................................................................................................... 45
References ..................................................................................................................................... 47
Appendix ....................................................................................................................................... 51
Appendix A: Eastern Michigan University Human Subject Research Approval ..................... 52
Appendix B: Survey Design ...................................................................................................... 53
Appendix C: Survey .................................................................................................................. 54

v

List of Tables
Table

Page

1

Demographic Characteristics of Study Subjects……………………………………....…26

2

Mobile Phone and Smart Phone Use History.……………………………………...……27

3

Anchor Likert Scale……………………………………………………………………...29

4

Work-Related and Sanitation Behaviors Associated with SPs…………………………..31

5

Spearman’s Rho Rank Correlation Index………………………………………………..36

6

Smart Phone Cleaning Techniques and Frequencies………….…………...……….........38

7

Smart Phone and Foodborne Illness Beliefs…………………..…………………………39

vi

List of Figures
Figure

Page

Figure 1. Microbiological sampling template.. ............................................................................. 19
Figure 2. Microgen Bioproducts Path-Chek Hygiene Pathogen System break technique. .......... 20
Figure 3. Microgen Bioproducts Path Chek Hygiene Pathogen results' interpretation ................ 22
Figure 4. Estimated smart phone use at work. .............................................................................. 28
Figure 5. Hand washing before and after smart phone use. .......................................................... 30
Figure 6. Hand washing practices after work-related tasks and before using smart phones…….32
Figure 7. Hand washing practices after personal behaviors and before using smart phones.……33
Figure 8. Smart phone use in the restroom. .................................................................................. 34
Figure 9. Spearman Rho Rank Order Co-Correlates .................................................................... 35

vii

Abbreviations
CDC: Centers for Disease Control and Prevention
ESBL: Extended-spectrum β-lactamase-producing
FSIS: Food Safety and Inspection Service
IBM SPSS: International Business Machines Statistical Package for the Social Science
MMWR: Morbidity and Mortality Weekly Report
MP: Mobile Phone (includes traditional mobile phones and smart phones)
MRSA: Methicillin-resistant Staphylococcus aureus
MRSC: Methicillin-resistant Staphylococcus cohnii
MRSE: Methicillin-resistant Staphylococcus epidermis
MRSH: Methicillin-resistant Staphylococcus haemolyticus
MRSh: Methicillin-resistant Staphylococcus hominis
NORS: National Outbreak Reporting System
NRA: National Restaurant Association
NSF: NSF International
RT-PCR: Reverse transcriptase polymerase chain reaction
STEC: Shiga toxigenic Escherichia coli or Shiga toxin producing Escherichia coli

viii

SP: Smart Phone
USDA: United States Department of Agriculture

ix

Definition of Terms
Mobile Phone: “A telephone with access to a cellular radio so it can be used over a wide area,
without a physical connection to a network” (Mobile phone, n.d.)
Smart Phone: “A mobile phone that performs many of the functions of a computer, typically
having a touchscreen interface, internet access, and an operating system capable of running
downloaded applications” (Smart phone, n.d.)
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Chapter 1: Introduction and Background

Introduction
It is estimated that foodborne disease causes 48 million illnesses each year in the United
States (Gould et al., 2013). In 2013 alone, a total of 19,056 cases of foodborne-illness, 4,200
hospitalizations, and 80 deaths were reported in the United States. While the rate of foodborne
disease outbreaks has fluctuated over the years, no substantial changes have been found and the
overall rate remains relatively unchanged over the course of the last decade (2006–2013).
Although little variance has been seen, most foodborne-related infections exceed the targeted
food safety goals and objectives set by the United States Department of Health and Human
Services Office of Disease and Health Promotion’s health policy framework, Healthy People
2020 (Crim et al., 2014). With these statistics, foodborne disease remains a key health concern
in the United States among health care professionals, foodservice employees, and governmentfunded organizations such as the Centers for Disease Control and Prevention (CDC) and the
United States Department of Agriculture’s Food Safety and Inspection Service (USDA-FSIS).
Foodborne disease outbreaks can occur and are reported in a number of settings including
the private homes of Americans, but a majority of reports are related to foodservice settings.
During the years 1998–2008, 68% of reported outbreaks were associated with food prepared in a
deli or restaurant (Gould et al., 2013). From 2009–2010, 48% of outbreaks were associated with
a foodservice setting (CDC, 2013). While the rate of foodservice establishments associated
foodborne disease outbreaks has decreased, it remains a major concern in public health and the
food industry.
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Extensive efforts are made in the foodservice setting to ensure food safety and to prevent
foodborne disease outbreaks, including measures taken during production, processing,
packaging, distribution, storage, preparation, and service. In the state of Michigan, National
Restaurant Association (NRA) ServSafe® Food Safety Manager certification is mandatory for all
foodservice managers and re-certification is required every five years (NRA Educational
Foundation, 2015). This training educates participants about personal hygiene, foodborneillnesses, sanitation, and how to properly purchase, receive, store, prepare, and serve food while
preventing foodborne-illness (NRA Educational Foundation, 2012). Although these efforts are
made, foodborne-illness responsible bacteria, viruses, and pathogens still remain present on
many common surfaces in the foodservice setting and increase the risk for cross-contamination
and foodborne-illness outbreaks.
Cross-contamination has been demonstrated in the health care setting between employee
equipment surfaces and infectious microorganisms (Blankinship, Cotton, & Gaston, 2013; SadatAli et al., 2010). With the development of technology and its growing use in the health care
setting, studies have identified health care employees’ mobile phone (MP) devices as a key
source for pathogenic bacteria and potential cross-contamination. Recent studies have identified
particularly harmful microorganisms on health care professionals’ MPs, such as Escherichia coli
and methicillin-resistant Staphylococcus aureus (MRSA) (Gashaw, Abtew, & Addis, 2014).

Statement of the Problem
While a number of studies have shown that employees’ MPs can act as harmful carriers
of infectious microorganisms in the health care setting, little research has been conducted in the
foodservice setting with employees’ smart phone (SP) use and its potential for cross-
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contamination. With the continuous rise of SP use, this area of study needs to be explored as a
potential cause of the high incidence of foodborne disease outbreaks in the United States.

Hypothesis
The first hypothesis in this study is that foodservice employees will engage in behaviors
with their SPs that are associated with increased risk of contamination with foodborne-illness
responsible microorganisms. The second hypothesis in this study is that foodborne-illness
responsible microorganisms are present on SPs.
The objectives of this study include the following:
(1) To determine the behaviors and practices of foodservice employees’ SP use in and out of
the foodservice setting.
(2) To detect whether common foodborne-illness responsible microorganisms, norovirus,
Salmonella, and coliforms, are present on foodservice employees’ SPs.

Justification and Significance
While there are studies available on health care employees’ behaviors related to MPs and
infectious microorganisms present on these MPs, there is a lack of data and studies conducted in
the foodservice setting regarding employees’ behaviors related to SPs and the presence of
foodborne-illness responsible microorganisms in the foodservice setting, which suggests that
there is a need for research in this area. The potential relationship between SPs and foodborneillness could present the necessity for specific policies and procedures to be introduced in
restaurants, delis, and other foodservice settings to prevent foodborne-illness outbreaks.

3

Chapter 2: Review of Related Literature

Foodborne Disease
Foodborne disease outbreak is defined as “the occurrence of two or more cases of a
similar illness resulting from the ingestion of a common food” (Gould et al., 2013). In the United
States, the CDC conducts surveillance of foodborne disease outbreaks through the Foodborne
Disease Outbreak Surveillance System’s online reporting platform, the National Outbreak
Reporting System (NORS). It is the responsibility of all state, local, and territorial public health
departments to identify and report all foodborne disease outbreaks in NORS. The data collected
from NORS is then analyzed by the CDC to identify foods and agents associated with the
outbreak, the point of contamination, when and where the outbreak occurred, and trends
associated with a specific outbreak and other outbreaks (Gould et al., 2013).
A 1998–2008 surveillance report for foodborne disease published in the CDC’s
Morbidity and Mortality Weekly Report (MMWR) indicated that the CDC received 13,405
reports of foodborne disease outbreaks during this time period (Gould et al., 2013). This equated
to 273,120 reported cases of illness, 9,109 hospitalizations, and 200 deaths, which is, on average,
a total of 1,219 outbreaks, 24,829 illnesses, 828 hospitalizations, and 20 deaths per year. Of the
1998–2008 decade’s foodborne-illness outbreaks, 7,998 had a known etiology. Viruses caused
45% of the outbreaks, bacteria caused an additional 45%, toxic and chemical agents caused 5%,
and parasites caused only 1%. The primary foodborne-illness responsible microorganism was
norovirus, at a disturbing rate of occurrence of 39%. Norovirus was followed by Salmonella
species (26%), Shiga toxigenic Escherichia coli (STEC) (6%), histamine (scromboid poisoning)
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(5%), Clostridium perfringens (5%), Staphylococcus enterotoxin (3%), Ciguatoxin (3%), and
Campylobacter jejuni (2%).

Mobile Phones
Studies have shown that MPs can harbor pathogenic microorganisms and even similar
microorganisms similar to our own personal microbiomes. A 2014 Princeton study swabbed MPs
of 17 subjects (total of 51 samples) and assessed these samples for microbial growth. It was
found that 22% of the bacterial taxa on subjects’ fingers were also present on their MPs
(Meadow, Altricher, & Green, 2014).
Little to no research has been completed on the presence of foodborne-illness responsible
microorganisms on MPs in the foodservice setting. Only one non-domestic study (Ilusanya,
Adesanya, Adesemowo, & Amushan, 2012) conducted in Ago-Iwoye Town of Ogun State in
Nigeria compared these variables. This study examined the microbial contamination of MPs of
food vendors. Fifty swab samples were randomly collected from vendors’ MPs and were
inoculated and grown for assessment to detect the presence of microorganisms. Bacterial and
fungal contamination was present on 100% of the food vendor MPs that were sampled. Isolated
bacteria found present on MPs included Staphyloccocus aureus (50%), Streptococcus faecium
(34%), Bacillus cereus (32%), Escherichia coli (26%), and Micrococcus luteus (10%). Fungal
strains isolated included Penicillin notatum (24%), Aspergillus fumigatus (16%), Apergillus
niger (14%), Mucor species (14%), and Aspergillus flavus (4%). Although this study may not
hold equal relevance domestically because the United States and Nigeria have different food
safety training requirements for food vendor and foodservice employees and management, this
study sheds some light on the role of MPs as a potential source of food contamination.
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While there is a lack of research between the occurrences of foodborne-illness
responsible microorganisms on MPs in the foodservice settings, many studies demonstrate
bacterial presence on MPs in the health care setting. This suggests that MPs may be accountable
for hospital-acquired, nosocomial infections.
A 2010 study examined the bacterial flora present on MPs of 288 health care
professionals at King Fahd Hospital of the University Alkhobar in Saudi Arabia (Sadat-Ali et al.,
2010). Samples of bacterial flora were taken from health care professionals’ MPs (n=288) and
were streaked on agar plates and incubated for 48 hours. It was found that 109 staff (43.6%)
carried infectious microorganisms on their MPs. Furthermore, MPs of 51.3% of physicians and
41.8% of nurses detected positive for infectious microorganisms. In this study, MP cleaning
rituals were evaluated, too. Only 12.4% of the subjects reported that they occasionally cleaned
their MPs with alcohol swabs and 41.2% admitted to never cleaning their MP. Of the 12.4% that
reported occasional cleaning, 19.4% of this population’s MPs carried infectious microorganisms.
Of the 41.2% who reported never cleaning their phone, 66% had microbial flora on their phones.
Gashaw et al. (2014) conducted a cross-sectional study at health centers in and around the
town of Gondar in Ethiopia. Fifty-eight subjects participated in the study from seven health care
centers. Participants were asked to complete a questionnaire that collected information on sociodemographic data, MP use, and MP cleanliness. In addition, subjects’ MPs were swabbed before
and after disinfecting them with 70% alcohol. Nearly 95% (n=55) reported that they used their
MP in the health center, and 41.4% (n=24) admitted that they answered MPs while attending
patients. Furthermore, 17.2% (n=10) reported that they wore gloves when answering their MP.
Approximately 60.3% (n=35) of subjects thought that it was pertinent for MPs to be used in
health centers. Only 29.3% (n=17) reported that they had cleaned their MP in the past, and
6

70.7% (n=41) thought that MPs carried bacteria, but only 53.4% (n=31) thought MP use could
transfer bacteria to patients, and 17.2% (n=10) reported that they cleaned their MPs regularly.
Approximately 29.3% (n=17) also stated that they carried their MPs with medical equipment
such as stethoscopes and tourniquets. Prior to decontamination with 70% alcohol, 98.3% of MPs
showed bacterial contamination. Bacterial strains inoculated in this study included coagulase
negative staphylococci (47.5%), Staphylococcus aureus (27.1%), Escherichia coli (6.8%),
Propionibacterium staurii (5%), Streptococcus pyogenes (3.4%), Enterobacter cloacae (3.4%),
Kiebsiella pneumonia (3.4%), and Citrobacter species (3.4%). Mobile phones showed a
significant (p < 0.0001) decrease in bacterial contamination after cleaning MPs; approximately
only 55.2% of MPs (43.1% reduction) presented bacterial contamination after cleaning the MPs
with 70% alcohol.
Özkan and Sϋlϋn (2014) explored the micro-fungal contaminants present on MPs by
swabbing the MPs of health services vocational school students in Marmaris, Turkey. Of the 50
MPs sampled, 24 micro-fungal species were identified on MPs, including Alternaria alternate
(4%, n=2), Aspergillus candidas (2%, n=1), Aspergillus cervinus (4%, n=2), Aspergillus
fumigans (6%, n=3), Aspergillus nidulans (8%, n=4), Aspergillus sclerotiorum (2%, n=1),
Aspergillus terresus (2%, n=1), Aspergillus wenti (6%, n=3), Cladosporium cladosporoides
(12%, n=6), Cladosporium herbarum (36%, n=18), Cladosporium sphaerospermum (36%,
n=18), Cladosporium tenuissimum (8%, n=4), Geotrichum candidum (2%, n=1), Pencillin citreovirens (4%, n=2), Pencillim, glabrum (4%, n=2), Pencillin purpurogenum (2%, n=1), Pencillin
verrucosum (8%, n=4), Phoma mediaginis (2%, n=1), Phoma prunicola (2%, n=1),
Rhinocladiella atrovirens (6%, n=3), Scopulariopsis brevicaulis (6%, n=3), Scopulariopsis
candida (18%, n=9), Trichoderma harzianum (2%, n=1), and Trichophyton terrestre (10%, n=5).
7

Other studies have demonstrated the risk for cross contamination with MPs in patients
and visitors in a hospital setting. A cross-sectional study was conducted at the Swedish Medical
Center’s First Hill Campus Neonatal Intensive Care Unit in Seattle, Washington that examined
MPs of visiting parents (Beckstorm, Cleman, Cassis-Ghavami, & Kamitsuka, 2013). Parents
were asked to wash their hands and arms thoroughly for 30 seconds and then complete three
tasks on their MP: take a picture, mimic talking on the phone by saying “the baby is fine” into
the phone, and texting “the baby is fine.” The MP was then pressed into a petri dish for bacterial
growth and the parents’ fingers were swabbed. While MPs of all 50 subjects showed bacterial
growth, 72% of the MPs isolated samples displayed bacteria normally considered skin flora
(Micrococcus species, Diptheroid species, Bacillus species, and coagulase-negative
Staphylococcus species). The other 28% displayed other skin flora bacteria and pathogens
including gram-negative rods, gram-positive cocci, and yeast. Samples taken from hands
displayed 96% bacterial presence and 90% of the cultures were the same microorganisms
isolated from the MPs. Disturbingly though, two samples from the subjects’ hands demonstrated
MRSA and Acinetobacter species. When isolated samples were grown on gel, they produced
similar results as the initial swabs, but it should be noted that one sample grew Staphylococcus
aureus and Enterobacter species.
Another cross-sectional study conducted at Inonu University Turgut Ozal Medical Center
in Malataya, Turkey compared bacterial growth on health care workers’ MPs versus patients’
and visitors’ MPs (Tekerekoğlu et al., 2011). Swab samples were collected from the MPs of 200
subjects; 67 (33.5%) of the subjects were health care workers and 133 (66.5%) were patients and
their visitors. Microbial growth was detected on 85.6% of health care workers’ MPs and 90.1%
of patients’ and visitors’ MPs. Bacterial growth detected on health care workers’ MPs included
8

Streptococcus species (10.45%, n=7), Staphylococcus aureus (5.97%, n=4), Bacillus species
(2.99%, n=2), and Escherichia coli (1.49%, n=1). Bacterial growth detected on the MPs of
patients and their visitors included Staphyloccus aureus (12.78%, n=17), Streptococcus species
(10.53%, n=14), Bacillus species (8.27%, n=11), Escherichia coli (3.76%, n=5), Klebsiella
species (3.01%, n=4), Proteus species (1.50%, n=2), Pseudomonas aeruginosa (1.50%, n=2),
and Acinetobacter baumanii (0.75%, n=1). Disturbing species of these bacteria microorganisms
in the patient group included the following: MRSA (0.75%, n=1), high-level aminoglycosideresistant Enterococcus species, extended-spectrum β-lactamase-producing (ESBL) Escherichia
coli (1.50%, n=2), and carbapenem resistant Acinetobacter baumanii (1.50%, n=1). This study
showed that pathogenic bacteria were present at a significantly higher (p=0.02) amount on
visitors’ and patients’ MPs than on health care workers’ MPs.
A study conducted at Western General Hospital in Edinburgh, Scotland produced similar
findings (Brady et al., 2011). This study examined the patients’ behaviors and opinions about
MP use in a hospital setting and collected bacteria from patients’ MPs and from their nasal
cavities. Of the 102 subjects tested, 50.9% (n=52) admitted that they had never cleaned their MP
outside of the hospital, 6.9% (n=7) reported that they cleaned their MP annually, 11.8% (n=12)
cleaned their MP monthly, 17.6% (n=18) cleaned their MP weekly, and 12.7% (n=13) cleaned
their MP daily. Cleaning methods varied between anti-bacterial/alcohol wipes (20.6%, n=21),
damp cloths (16.7%, n=17), and dry cloths (11.8%, n=12). Only 10.8% (n=11) of subjects
reported cleaning their MPs since admission to the hospital. Approximately 83.3% (n=85) of
samples from MPs demonstrated microbial growth of one or more bacterial species, with the
most common bacterial species being coagulase-negative Staphylococcus (76.5%, n=78). Other
microbial species that were present included Staphylococcus aureus (methicillin-sensitive
9

Staphylococcus aureus [MSSA] and MRSA) (6.87%, n=7), Corynebacterium species (4.60%,
n=5), Streptococcus species (2.91%, n=3), Sphingomonas paucimobilis (2.91%, n=3),
Enterococcus faecium (19.61%, n=2), Rhizobium radiobacter (19.61%, n=2), Acinetobacter
ursingli (0.98%, n=1), Enterobacter cloacae (0.98%, n=1), Moraxella species (0.98%, n=1),
Micrococcus species (0.98%, n=1), Burkholderia cephacia (0.98%, n=1), Dermacoccus
nishinomyiyanesis (0.98%, n=1), Kocuria kristinae (0.98%, n=1), Lactococcus gavieae (0.98%,
n=1), Gemella morbillorum (0.98%, n=1), Bacillus species (0.98%, n=1), and Candida albicans
(0.98%, n=1). Two strains, a strain of gram-positive bacillus and a strain of alpha-haemolytic
streptococcus, were unidentifiable. Approximately 11.8% of the MPs sampled demonstrated
pathogenic bacterial species that could cause infections in patients. Nose swabs identified
Staphylococcus aureus in 32 (31.4%) samples. Six of these 32 subjects demonstrated bacterial
growth in their nasal cavities concurrent with their MPs.
Recently, Chitlange (2014) examined the contamination of MPs of college students and
hospital staff. The small study was conducted at Shri Radhakisan Laxminarayan Toshniwal
College of Science in Akola in the state of Maharashtra, India and examined a total of 20 MPs:
10 college students’ MPs and 10 hospital staffs’ MPs. Isolated bacterial pathogens were present
on MPs of both groups and included Staphylococcus aureus, Streptococci species, Bacillus
subtilis, Salmonella species, Pseudomonas species, Aerobacter aerogenss, Shigella, and
Escherichia coli. Bacterial contamination was higher in the MPs of the hospital staff in this
study, but statistical analysis was not conducted to determine the significance of this difference.
White et al. (2012) examined the contamination on SPs of health care professional
students who were using T-Mobile MDATM SPs. These SPs were provided by the Higher
Education Funding Council for England, which established the Centres of Excellence in
10

Teaching and Learning, including the Assessments and Learning Practice Settings. The SPs were
a result of the program’s development of e-learning tools for students to use in a health care
setting for communication and to collect evidence on how tools could benefit their performance.
These SPs were assessed for the potential risk for cross-contamination in a health care setting by
sampling them on multiple instances. All devices (n=16) examined showed some form of
microbial growth and 86% of the SPs had poly-microbial growth of three or more forms of
bacteria on them. Bacteria identified included coagulase-negative Staphylococcus species,
Micrococcus species, MRSA, Enterococcus species, and coliforms.
Cataῆo et al. (2013) examined the bacterial contamination of MPs and other
environmental items at Hospital Universitario San Vincente Fundacion in Medellin, Colombia.
Environmental items in this study included hospital curtains and employee white coats, ties, and
MPs. Forty MPs were sampled in this study and displayed a total of 58 isolated strains of
bacteria, 88% of which were considered clinically relevant. Clinically relevant bacterial
isolations included methicillin-resistant Staphylococcus hominis (MRSh), methicillin-resistant
Staphylococcus haemolyticus (MRSH), methicillin-resistant Staphylococcus epidermis (MRSE),
methicillin-resistant Staphylococcus cohnii (MRSC), Panteoa agglomerans, Acinetobacter
lwoffi, and Sphingomonas paucimobilius.
Blankinship et al. (2013) examined the microbial presence of various surfaces including
MPs at the library of Troy University in Troy, Alabama. A total of 20 MPs were sampled: 10
staff MPs and 10 student MPs. Mobile phones displayed an array of bacterial isolates including
Bacillus megaterium (5.0%, n=1), Corynebacterium pseudodiptheriticum (15.0%, n=3),
Enterococcus faecalis (15.0%, n=3), Proteus mirabilis (15.0%, n=3), Staphylococcus aureus
(40.0%, n=8), Staphylococcus saprophyticus (5.0%, n=1), and Variovorax paradoxus (5.0%,
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n=1). In addition to assessing the presence of microbes on MPs, antibiotic resistance was
measured using the Kirby Bauer test for antibiotic resistance. Antibiotic resistance was present
amongst isolates. One hundred percent of Corynebacterium pseudodiptheriticum and 12.5% of
Staphylococcus aureus were shown to be resistant to ampicillin. Approximately 66.6% of
Proteus mirabilis samples were resistant to cefazolin. Resistance to novobicin was demonstrated
in 66.5% of Proteus mirabilis and 62.5% of Staphylococcus aureus bacterial isolates. Antibiotic
resistance was displayed with oxacillin with Corynebacterium pseudodiptheriticum (100%),
Enterococcus faecalis (100%), Proteus mirabilis (100%), Staphylococcus aureus (25%),
Staphylococcus saprophyticus (100%), and Variovorax paradoxus (100%). Penicillin showed
antibiotic resistance with Corynebacterium pseudodiptheriticum (66.6%), Proteus mirabilis
(66.6%), Staphylococcus aureus (12.5%), and Staphylococcus saprophyticus (100%). One third
of Corynebacterium pseudodiptheriticum bacterial isolates showed antibiotic resistance to
piperacillin. Approximately 12.5% of Staphylococcus aureus showed antibiotic resistance to
tetracycline. Nearly 67% of Proteus mirabilis showed antibiotic resistance to vancomycin. There
was no antibiotic resistance with bactracin, chloramphenicol, cefrapherazone, erythromycin,
gentamicin, kanamycin, levofloxacin, neomycin, and streptomycin.
Other studies showed that MPs had bacterial growth in settings other than hospitals.
Srikanth et al. (2010) conducted a study in Chennai City of the Indian state Tamil Nadu that
explored the awareness and behaviors associated with MP use and swabbed MPs for bacterial
growth in hospital health care workers and corporate office workers. In this study, 51 health care
workers and 36 corporate office workers completed questionnaires, and MPs were sampled for
bacterial growth. Analysis of a questionnaire showed that 37% of corporate office workers and
75% of health care workers were aware that their MPs had microbes and could transmit
12

infectious agents. While a majority of health care workers acknowledged the potential bacterial
microorganisms and risk for infections associated with MP use, only 12% of health care workers
reported disinfecting their MPs. In addition, 73% of health care workers thought it was ideal to
restrict MP use in the hospital, but only 29% restricted MP use to less than three times per day.
Fifty-seven percent of health care workers admitted to using MPs 3 to 20 times per shift, and
14% reported MP use at more than 20 times per shift. Of all MPs sampled, 94% of MPs were
contaminated with microbial growth. Only 17% of the bacterial isolates found on the MPs of
health care workers were found to be pathogenic. Pathogenic strains included coagulase-negative
staphylococci (84.31%, n=43), MSSA (8.0%, n=4), MRSA (4.0%, n=2), Acinetobacter species
(11.76%, n=6), Escherichia coli (1.96%, n=1), Pseudomanas aeruginosa (1.96%, n=1), and
Klebsiella pneumonia (1.96%, n=1). Twenty-nine percent of the bacterial isolates found on the
MPs of corporate office workers demonstrated pathogens. Pathogenic strains included
Coagulase-negative Staphylococci (55.56%, n=20), Acinetobacter species (44.44%, n=16),
Pseuodo monas aeruiginosa (5.89%, n=3), Escherichia coli (3.92%, n=2), and Klebsiella
pneumonia (1.96%, n=1).
Julian et al. (2012) examined the microbial growth on 123 MPs from 106 staff at a
veterinary teaching hospital, Ontario Veterinary College Health Sciences Centre in Canada.
Samples were collected from the staff’s personal and hospital-issued MPs. Of the 123 MPs
examined, 71 were personal MPs and 52 were hospital-issued. When subjects were asked if they
cleaned their MPs, only 21.9% (n=27) reported doing so. Approximately 2.4% (n=3) of MPs
demonstrated methicillin-resistant staphylococci: 1.6% (n=2) showed methicillin resistant
Staphylococcus pseudintermedius (MRSP) and 0.8% (n=1) had MRSA present.
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Mark et al. (2014) examined the touch-screen MPs of multidisciplinary employees
working on a surgical unit in a hospital in Northern Ireland. One hundred fifty participants were
asked to fill out a 12-question questionnaire on their MP use, while only 50 employees’ MPs
were swabbed. Sixty percent of MPs harbored some form of bacteria. Colonies found on the MPs
included coagulase negative staphylococcus (80.13%, n=121), Streptococcus viridans (9.33%,
n=14), micrococcus (9.33%, n=14), corynebacterium (2.0%, n=3), and bacillus (0.67%, n=1).
While this study presented a number of microorganisms, no nosocomial-responsible bacteria
pathogens were identified. Questionnaire participants reported that 52% (n=79) used their MPs at
work up to 10 times per day, 14% (n=20) reported use 10-20 times per day, and 9% (n=13)
reported use more than 20 times per day. Twenty-five percent (n=38) stated that they did not use
their MP at work. When asked about potential contamination of MPs, 10% of employees were
confident that their MPs were not contaminated, 25% were unsure of contamination, and a vast
majority of two-thirds stated that they felt their MPs had some form of contamination.
The literature indicates that health care employees’ MPs are often covered in an array of
microorganisms, including fungal, bacterial, and even antibiotic-resistance bacteria. Although it
was shown that many microorganisms found on MPs are harmless and resemble skin flora such
as Micrococcus and Bacillus species (Beckstorm et al., 2013; Meadow et al., 2014), some studies
have found infectious microorganisms present on MPs including MRSA and Escherichia coli
(Gashaw et al., 2014). In addition, the research shows that MPs are frequently used on the job
and MP hygiene is limited (Julian et al., 2012; Srikanth et al., 2010).
While scientific research shows that health care employees’ MPs are a potential source of
infectious microorganisms, limited research is available regarding the MPs of foodservice
employees. Furthermore, a majority of these studies were conducted outside of the United States.
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Only one study (Ilusanya et al., 2012) was found in the literature that was conducted in a
foodservice setting where MPs of food vendor employees were swabbed. Even though this study
demonstrated the presence of bacteria and fungal strains in the foodservice setting, the study was
conducted in Nigeria where different foodservice training requirements and laws are applied as
opposed to the United States. Furthermore, little to no research was found regarding foodservice
employees’ SPs and the presence of foodborne-illness responsible microorganisms on SPs,
therefore suggesting the need for research in this area.
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Chapter 3: Research Methodology

Research Design
This study was conducted at a commercialized foodservice establishment in the state of
Michigan. It was reviewed by the Eastern Michigan University Human Subjects Review
Committee (Appendix A). Prior to the data collection phase of this study, the director of this
foodservice establishment approved the study. The research site and participants were kept
confidential to protect subject privacy.
This study was restricted to employees working in a foodservice establishment who were
at least 18 years of age. The study examined the SP use behaviors of foodservice employees and
assessed whether known pathogens that contribute to foodborne-illness were present on SPs.
Subjects completed an online survey regarding their behaviors associated with SP use, and their
SPs were swabbed to detect the presence of foodborne-illness responsible microorganisms,
Salmonella, coliforms, and norovirus.
No personal identifiers were collected in this study. Coding was used to link the survey
results with the environmental test results in order to identify any significant relationships
between these two groups. The analysis was conducted utilizing de-identified information. This
was done by labeling the environmental test tubes with 4-digit codes that subjects were asked to
type into the final section of their survey.

Survey
A 31-question survey was designed for this study for electronic distribution and data
collection by using the internet-based survey company, Survey Monkey. Prior to initiation of the
study, a small pilot study (n=6) was conducted to test the construct of the survey. The survey was
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administered in-person by the primary researcher with an Apple™ iPad Mini. When subjects
started the survey, the initial window disclosed the purpose of the study, ensured confidentiality,
described the study, communicated that the subject could withdraw from the survey at any time,
and requested informed consent.
Participants then proceeded to complete the remainder of the survey, which was divided
into four tiers: (I) Employee Demographics, (II) MP and SP Use History, (III) Personal SP Use
Practices, and (IV) SP Use Hygiene and Associated Beliefs. Tier I: Employee Demographics,
collected data regarding subjects’ basic demographic characteristics, including gender, age,
ethnic/cultural identification, if they were born in the United States, ServSafe® certification, job
position, the duration of their employment at the foodservice establishment and in the
foodservice industry, and if the subject owned a MP and if that MP was a SP. Subjects who did
not meet the inclusion criteria of being a foodservice employee and/or did not own a MP/SP in
Tier I of the survey were directed to the end of the survey after completing this section. All other
subjects continued to Tier II: MP and SP Use History, which covered the subject’s ownership
history of MPs and SPs along with the length of ownership of his/her current SP. Subjects then
proceeded to Tier III: Personal SP Use Practices, which collected information on subjects’
behaviors associated with SP use in and out of the foodservice establishment, including, but not
limited to, how often the subject used the SP in the foodservice establishment, if he/she used
his/her SP in the bathroom, and if he/she washed his/her hands before and after using his/her SP.
Tier IV: SP Use Hygiene & Associated Beliefs collected information on subjects’ SP hygiene
practices and associated beliefs between SP use and foodborne-illness (see Appendix B for
survey design and Appendix C for the survey).
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At the end of the survey, participants were asked to list the 4-digit codes on the test tubes
that were used to collect microorganisms on their SP in the environmental testing portion of the
study. These 4-digit codes were used to code the data so any potential relationships between the
survey and environmental testing data could be later identified during the statistical analysis.

Environmental Testing
The microorganisms examined in this study included the chief foodborne-illness
responsible microorganisms reported in the 1998–2008 Surveillance for Foodborne Disease
Outbreaks published in the CDC’s MMWR (Gould et al., 2013). These microorganisms included
norovirus, Salmonella, and Shiga toxin-producing Escherichia coli (STEC). Microorganisms that
were found responsible for 5% or less of foodborne-illness outbreaks during this surveillance
were excluded and not assessed. Since dichotomous testing specific to STEC was limited and all
coliform species were desired to be identified in this study, the broad bacterial class of coliforms
was tested in this study as opposed to exclusively testing for STEC.
While participants completed their surveys, they provided their SP to the researcher for a
swab test to detect potential foodborne-illness responsible microorganisms. Prior to handling
subjects’ SPs, the researcher washed her hands with hot water (≥ 100 degrees Fahrenheit) and
soap for at least 20 seconds and donned new vinyl disposable gloves. In addition, the
environmental testing work surface was sanitized between each SP sampling with a prepared 200
parts per million chlorine bleach water solution spray (1 tablespoon chlorine bleach: 1 gallon
water) (McGlynn, n.d.), and a new Labmat™ absorbent laboratory mat was laid out.
To ensure consistency and control between each subject, templates created with acetate
sheets and an X-acto™ knife were used for the environmental testing. To prevent cross
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contamination between SPs, the templates were sanitized between each SP sampling with a
prepared 200 parts per million chlorine bleach water solution spray (1 tablespoon chlorine
bleach: 1 gallon water) (McGlynn, n.d.). Each SP swabbed required two templates as one
template was designed for the front of the SP while the other template was designed to swab the
back of the SP. Each template was divided into three sections to swab for each microorganism
that was tested, Salmonella, coliforms, and norovirus respectively. Sections were cut to a
dimension of ½-inch x 3 inches per section (Figure 1).

Figure 1. Microbiological sampling template. The microbiological sampling template design is
presented on an iPhone 5™ and shows the template’s three sections on the front and back of the
SP that allowed for consistent environmental testing of MPs.
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After following hygiene and sanitation guidelines, test tubes were labeled and dated.
Three different swab tests were conducted on each subjects’ SP to identify the presence of the
three different foodborne disease responsible microorganisms: norovirus, Salmonella, and
coliforms.
To test the SPs for the presence of Salmonella, the Microgen Bioproducts™ Path-Chek
Hygiene Pathogen System’s Pathogen Detection Salmonella Broth was used. The pre-moistened
swab was removed from its test tube carrier, and Section 1 of the SP was swabbed. Swabbing
technique entailed holding the swab at a 30-degree angle and rotating the swab while moving the
swab back and forth. The swab was then placed back in the test tube with the Pathogen Detection
Salmonella Broth by inserting the swab into the test tube and pressing it against the wall of the
tube while pressing down on the shaft of the swab, promoting it to break at the breakpoint of the
swab approximately 45 millimeters from the tip of the swab (Figure 2). The remainder of the
swab was then disposed of, and the detection broth was sealed shut. To test the SPs for the
presence of coliforms, the same technique was used as Salmonella, except the Microgen
Bioproducts™ Path-Chek Hygiene Pathogen System’s Pathogen Detection Coliform Broth was
used, and the sample was collected from Section 2.

Figure 2. Microgen Bioproducts Path-Chek Hygiene Pathogen System break technique. This
figure demonstrates how the swab was deposited into the test tubes (Microgen Bioproducts Ltd.,
n.d.).
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The norovirus sampling differed slightly from the Salmonella and coliforms tests as it
was collected with 3MTM Quick Swabs and placed in 3 milliliters of viral transport media. Prior
to swabbing each SP, each 3MTM Quick Swab was pre-moistened by dipping the swab in the
viral transport media (3M Microbiology, 2003). Then the swab was used to sample Section 3 of
the front and back of the SP and deposited into the test tube as described for the Salmonella and
coliforms.
Once each subject finished the survey and the environmental testing was completed, the
primary researcher disinfected and cleaned the participant’s SP with a Wireless Wipes™ mobile
device cleaner, before handing it back to the participant.
All samples were temporarily held in a cooler with ice packs for a maximum of two
hours. Each day the study was performed, samples were taken back to a clinical laboratory. At
the laboratory, the Microgen Bioproducts™ Path-Chek Hygiene Pathogen Detection Coliform
and Salmonella Broth samples were incubated for 18–24 hours at 95–98.6°F (35–37 °C). Post
incubation, the samples were assessed to detect a positive or negative result depending on the
color of the broth. For identifying Salmonella, a black broth indicated a positive sample and
yellow/purple broth indicated a negative sample. For distinguishing coliforms, a broth yellow in
color identified a positive sample and a broth purple in color suggested a lack of detectable
bacteria (Figure 3). Each broth had a high sensitivity and specificity that permitted the broths to
detect contamination levels as low as one target microorganism per 10cm2 tested surface.
(Microgen Products Ltd., n.d.).
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Figure 3. Microgen Bioproducts Path Chek Hygiene Pathogen results' interpretation. This figure
shows how the results of the Salmonella and coliform samples were assessed using the
dichotomous Microgen Bioproducts™ Path Chek Hygiene Pathogen Systems (Microgen
Products Ltd., n.d.).
For assaying the norovirus, the viral transport media was stored at -80°F (-62°C) until all
samples were collected. Once all study samples were swabbed and collected, they were
transported to Warde Medical Laboratory in Ann Arbor, Michigan for real-time reverse
transcriptase polymerase chain reaction (RT-PCR) testing. This test amplified a section of the
viral RNA polymerase gene in viral samples and conducted real-time detection, detecting the
presence of norovirus genogroup 1 and genogroup 2. The analytical assay of this test was
approximately 100 virus copies per assay (Warde Medical Laboratory, 2007).

Assay
A trial run was conducted to test the methods used in this study. Fifteen iPhone 5™
covers and acetate screen protectors were purchased to mimic SPs. These items were disinfected
with the same 200 parts per million bleach solution used to disinfect the templates in this study.
All iPhone 5™ covers and screen protectors were separated into three sections with the same
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template used in this study. The 15 SP iPhone 5™ covers and screen protectors were then
inoculated with 200 microliters of a 0.5 McFarland Standard of Salmonella in Section 1, and 200
microliters of a 0.5 McFarland Standard of Escherichia coli in Section 2. Of these 15 SP iPhone
5™ covers and screen protectors, 12 were inoculated with a viral cocktail of 100 microliters
norovirus and 100 microliters enterovirus in Section 3 as enterovirus was initially part of the
research design and environmental testing of this study. Inoculated SP iPhone 5™ covers and
screen protectors were then kept in a fume hood and sampled at 0 hours, 24 hours, 48 hours (with
an exception to norovirus and enterovirus), 72 hours, and 1 week. All SP iPhone 5™ covers and
screen protectors were assessed using the same methodology in this study. Salmonella and
coliforms swab tests were assessed using the dichotomous Microgen Bioproducts Path-Check
Hygiene Pathogen System’s Pathogen Detection Salmonella and coliform Broths. When
Salmonella was present the broth turned black which indicated a positive sample. Conversely,
when coliform was present the broth changed to a yellow color. The norovirus and enterovirus
samples were sent to Warde Medical Laboratory in Ann Arbor, Michigan and were tested by RTPCR specific to each virus. The norovirus results were positive, but the enterovirus could not be
detected at the concentrations used. Since the test was not sensitive enough to detect enterovirus
it was not used to assay SP samples.
The trial run confirmed that the methods used to detect Salmonella, coliforms, and
norovirus were reliable, and also showed how long the tested microorganisms lived on undisturbed, SP surfaces under a laboratory fume hood. The Salmonella and norovirus lived up to
one week on undisturbed SP surfaces. It was demonstrated that a majority (66.66%, n=2) of the
coliforms died between 48 hours and 72 hours, while the remaining (33.33%, n=1) died between
72 hours and one week.
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Statistical Analysis
Survey results were downloaded from the Internet-based survey company website,
Survey Monkey, into a Microsoft Office Excel document. Results were then coded and
combined with the environmental testing results. The data were then imported into IBM SPSS
Software (Version 22.0). Descriptive statistics were run to summarize the sample population’s
details, and exploratory data analysis was conducted utilizing a chi-square test of association
including nominal data. Non-parametric Spearman Rho’s tests of association were conducted on
ordinal variables. As chi-square test of association only depicts an association and not the
direction of the association or its magnitude, a post-hoc test was also conducted. Since the cross
tabulations were largely 2x2, Phi (φ) was predominately used as the post-hoc test of chi-square
association strength. As it is required by the assumptions of Phi, all expected cell frequencies
were greater than five.
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Chapter 4: Results

Subject Demographics
During the months of August and September 2015, 50 subjects from a foodservice
establishment in the state of Michigan participated in this study. Of the total 50 subjects who
participated in the study, there was an even distribution of males (n=25) and females (n=25)
(Table 1). Ninety percent (n=45) of the participants were born in the United States. The five
foreign-born participants moved to the United States during the years: 1973, 1991, 2011, 2014,
and 2015. Ninety-eight percent (n=49) of participants owned SPs; only one participant did not
own a SP but did own a MP, and therefore was able to participate only in a portion of the survey
(Tier I and II).
Study participants used MPs and SPs extensively (Table 2). A majority (n=39, 75.6%) of
participants reported that they owned MPs for 3 to 16 years. Smart phone ownership history was
less than MP ownership history; most participants reported SP ownership history between 2 to 7
years (n=42, 85.7%). Forty-seven participants (95.9%) who owned a SP reported that they
owned their current SP for 3 years or less.
Study participants reported that their job position was in supervision/management (n=19,
38%), customer service (n=17, 34%), food preparation (n=13, 26%), and sanitation (n=1, 2%).
Forty-six percent (n=23) of participants had ServSafe® certification. Sixty percent (n=30) of
subjects stated that they had worked at their current job for 2 years or less, and 38% (n=20)
reported that they have been in the food industry for 5 years or more.
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Table 1
Demographic Characteristics of Study Subjects (n=50)
Characteristics
Gender
Male
Female
Ethnic/Cultural
White, NonHispanic
African American or
Black
Multiracial
Asian, Asian
American, or Pacific
Islander
Hispanic or Latino
American Indian or
Native American
Country of Birth
United States
Other
ServSafe
Certification
Yes
No

Total
(n)

Percent
Total (%)

25
25

50%
50%

21

42%

Job Position
Customer Service
Supervision/Management
Food Preparation
Sanitation

20

40%

Years at Current Job

5
3

10%
6%

1
0

2%
0%

45

90%

5

10%

23
27

46%
54%

Characteristics

Total
(n)

Percent
Total (%)

19
17
13
1

38%
34%
26%
2%

Less than 1 Year
1-2 Years

15
15

30%
30%

3-4 Years
5-6 Years

7
9

14%
18%

7 Years or More
Years in the
Foodservice Industry
Less than 1 Year
1-2 Years

4

8%

7
11

14%
22%

3-4 Years
5-6 Years
7-8 Years

12
3
3

24%
6%
6%

Note. This table shows the results collected from questions 1,3,4, and 6 through 9 of the survey.
These results are expressed in this table as percentages and number of subjects (n). These
questions examined the demographics of this study’s population size and their work history at
their current job and in the foodservice industry.
Mobile Phone & Smart Phone History
Multiple significant associations were identified with MP and SP history utilizing chisquared test of association. Men were more likely to own MPs for a longer amount of time (≥ 11
years) than women (n=49, φ = -0.306, χ² = 4.601, p = 0.032). Furthermore, participants with
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ServSafe® certification were found to have a significant association (n=49, φ = -508, χ² =12.626,
p < 0.001) with a MP use history of 11 years or more.
Table 2
Mobile Phone and Smart Phone Use History
Total
(n)

Percent
Total (%)

Type of Phone
Smart phone
Mobile phone
Mobile Phone Use
History
Less than 3 years
3-6 years
7-10 years
11-13 years
14-16 years
17-19 years
20 years or more

49
1

98%
2%

3
9
16
9
5
3
4

6.1%
18.4%
32.7%
18.4%
10.2%
6.1%
8.2%

Smart Phone Use
History
Less than 2 years
2-4 years
5-7 years
8 years or More
Current Smart Phone
Less than 1 year
2-3 years
4-5 years
5 years or More

Total
(n)

Percent
Total (%)

5
17
25

10.2%
34.7%
51.0%

2

4.1%

26
21
1
1

53.1%
42.9%
2.0%
2.0%

Note. This table shows the results collected from questions 10 through 14 of the survey. These

results are expressed in this table as percentages and number of subjects (n). These questions
examined what kind of phones participants currently own and how long they have owned mobile
phones, smart phones, and their current smart phone. All 50 subjects were asked what type of
phone they own, while only participants with a smart phone (n=49) answered phone ownershiphistory questions.
Work-Related Behaviors
A number of significant associations amongst work-related demographics were identified
utilizing chi-squared test of association. A significant association (n=50, φ = 0.555, χ² = 15.407,
p < 0.001) was found between customer service employees and duration of work history of 2
years or less at their current job. Furthermore, ServSafe® certification was found to have a
significant association (n=50, φ = -0.393, χ² =7.729, p = 0.005) with 3 or more years at the
current job. In addition, there was a correlation (n=50, φ = 0.448, χ² = 10.042, p=0.02) between
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employees who identified their job position as “management/supervision” and years at current
job. This indicated that this group had longer employment at their current job than other
employees.
Employees reported an array of SP usage on the job as 87.8% (n=43) of study
participants reported that they used their SP at work: 42.9% (n=21) of subjects reported that they
used their SP 1 to 5 times per day at work, 12.2% (n=6) reported 6 to 10 times per day, 14.3%
(n=7) reported 11 to 15 times per day, and 18.4% (n=9) reported use of 16 times or more per day
(Figure 4). Only 12.2% (n=6) of the subjects reported that they do not use their SP at work.
Utilizing chi-square test of association, there was a significant association (n=49, φ = 0.376, χ² =
6.944, p = 0.008) between management/supervision employees and frequency of SP use,
indicating that management/supervision employees used their SPs more than other employees.

ESTIMATED SMART PHONE FREQUENCY AT WORK

16 Times per Day or More 19%, n=9

0 Times per Day
12%, n=6

11-15 Times per Day
14%, n=7

6-10 Times per Day
12%, n=6

1-5 Times per Day
43%, n=21

Figure 4. Estimated smart phone use at work. This pie chart displays the reported SP use
frequency at work in percentages based on a range of time lines from approximately 0 to 16
times per day or more.
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In the third tier of the survey, Tier III: SP Practices at Work, subjects were asked a series
of questions regarding their SP use at work in a foodservice setting and in a home setting. Survey
questions were designed using a five-point Anchor Likert scale that ranked answers by
occurrence from “always” to “never” (Table 3). This answer criteria was used for survey
questions 16 through 27 (see Appendix C & Table 4).
Table 3
Anchor Likert Scale
Anchor Likert Scale
Always (Approximately 100% of the Time)
Usually (Approximately 75% of the Time)
About Half of the Time (Approximately 50% of the Time)
Seldom (Approximately 25% of the Time)
Never (Approximately 0% of the Time)
Note. This table shows the Anchor Likert Scale used for questions 16 through 27 to collect data
on subjects’ perceived work-related and personal behaviors associated with smart phones in the
foodservice setting and home. A variation of this scale was used for questions 30 and 31, but
answer selections included “strongly agree,” “somewhat agree,” “undecided/neutral,” “somewhat
disagree,” and “strongly disagree.”
Sanitation-Related Tasks
When participants were asked if they washed their hands before using their SP at work,
42.9% (n=21) of participants reported that they seldom washed their hands before handling their
SPs. When participants were asked if they washed their hands after using their SP at work, they
provided varied responses (Figure 5).
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Reported Hand
Washing

60%

40%

20%

0%
Always

Usually

About Half of the
Time

Seldom

Never

Behaviors
Wash Hands BEFORE Using Your Smart Phone at Work

Wash Hands AFTER Using Your Smart Phone at Work

Figure 5. Hand washing before and after smart phone use. This graph displays foodservice
employees’ reported hand washing before and after SP use at work. Behaviors were assessed
using a five-point Likert type scale. Results are expressed in this figure as percentages for each
particular response.
When subjects were asked about washing their hands before SP use after work-related
activities, inconsistent sanitary behaviors were reported. Twenty-seven (55.1%) participants
reported that before SP use, they washed their hands after performing washing and sanitizing
tasks approximately 75% of the time or more, and 73.5% (n=36) of subjects reported that before
SP use, they washed their hands after handling trash approximately 75% of the time or more
(Figure 6).
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Table 4
Work-Related and Sanitation Behaviors Associated with Smart Phones
Always Usually About Seldom Never
Half
of the
Time
Do you wash your hands BEFORE using your
smart phone at work?
Do you wash your hands AFTER using your
smart phone at work?
When wearing foodservice gloves, do you
remove your gloves when using your smart
phone?
If you wear foodservice gloves when handling
your smart phone, do you take your gloves off
before returning to food preparation?
After handling trash, do you wash your hands
BEFORE using your smart phone?
After washing and sanitizing (e.g., equipment,
surfaces, dishes) do you wash your hands
BEFORE handling your smart phone?
After preparing food at home, do you wash
your hands before using your smart phone?
After eating, drinking, and/or smoking, do you
wash hands BEFORE using your smart phone?
After touching your mouth, nose, or eyes and
making contact with bodily fluids (e.g., saliva),
do you wash your hands BEFORE using your
smart phone?
After sneezing and coughing, do you wash your
hands BEFORE using your smart phone?
How often do you use your smart phone in the
bathroom?
After using the bathroom, do you wash your
hands BEFORE using your smart phone?

6.1%
n=3
20.4%
n=10
83.7%
n=41

18.4%
n=9
10.2%
n=5
12.3%
n=6

16.3%
n=8
24.5%
n=12
4.1%
n=2

42.9%
n=21
26.5%
n=13
0%
n=0

16.3%
n=8
18.4%
n=9
0%
n=0

25.0%
n=2

62.5%
n=5

12.5%
n=1

0%
n=0

0%
n=0

61.2%
n=30
28.6%
n=14

12.2%
n=6
26.5%
n=13

16.3%
n=8
14.3%
n=7

8.2%
n=4
18.4%
n=9

2.4%
n=1
12.2%
n=6

24.5%
n=12
10.2%
n=5
10.2%
n=5

26.5%
n=13
26.5%
n=13
22.5%
n=11

10.2%
n=5
18.4%
n=9
26.5%
n=13

30.6%
n=15
30.6%
n=15
24.5%
n=12

8.2%
n=4
14.3%
n=7
16.3%
n=8

14.3%
n=7
6.1%
n=3
69.4%
n=34

22.5%
n=11
30.6%
n=15
22.5%
n=11

24.5%
n=12
20.4%
n=10
4.1
n=2

24.5%
n=12
18.4%
n=9
2.0%
n=1

14.3%
n=7
24.5%
n=12
2.0%
n=1

Note. This table shows the results collected from questions 16 through 27 of the survey. These
results are expressed in this table as percentages and number of subjects (n). These questions
examined subjects’ work-related and personal behaviors associated with SPs in the foodservice
setting and home. Survey questions were designed using a five-point Likert type scale. The
survey question, “If you wear foodservice gloves when handling your smart phone, do you take
your gloves off before returning to food preparation?” was only proposed to subjects who didn’t
report that they always remove their foodservice gloves before using their smart phones (n=8).
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Hand Washing AFTER
Behaviors & BEFORE SP Use

80%
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40%

20%

0%
Always
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Seldom

Never

Behaviors
Handling Trash

Washing and Sanitizing

Figure 6. Hand washing practices after work-related tasks and before using smart phones. This
graph displays foodservice employees’ reported hand washing before SP use during and after
handling trash, and washing and sanitizing. Behaviors were assessed using a five-point Likert
type scale and results are expressed in this figure as percentages for each particular response.
Hand washing was reported most often after bathroom use; 91.8% (n=45) of subjects
reported that they washed their hands always or usually after bathroom use and before using their
SP. Conversely, handwashing was less frequent after other personal behaviors: 63.3% (n=31) of
subjects reported that they washed their hands after sneezing and coughing; 67.4% (n=33) after
touching facial features and making contact with bodily fluids; 63.3% (n=31) after eating,
drinking, and/or smoking; and 49.0% (n=24) after preparing food at home approximately 50% of
the time or less before subsequently using their SP (Figure 7).
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Reported Hand Washing AFTER
Behavior & BEFORE SP Use

80%
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Figure 7. Hand washing practices after personal behaviors and before using smart phones. This
graph displays foodservice employees’ reported hand washing before SP use after following
activities: preparing food at home; eating, drinking, and/or smoking; contact with mouth, nose,
eyes, or bodily fluids; sneezing and coughing; and bathroom use. Behaviors were assessed using
a five-point Anchor Likert scale and results are expressed in this figure as percentages for each
particular response.
Utilizing chi-square test of association, a significant association (n=49, φ = 0.334, χ²
=5.465, p = 0.019) found that management/supervision employees were more likely to practice
frequent hand washing (approximately 75% of the time or more) after sneezing and coughing
than other employees. Furthermore, ServSafe® certification was found to have a significant
association (n=49, φ = -0.301, χ² = 4.446, p = 0.035) with frequent hand washing (approximately
75% of the time or more) after sneezing and coughing.
It was of concern that 75.5% (n=37) of subjects reported using their SP in the bathroom
to some degree. A significant (n=49, φ = 0.293, χ² =4.194, p = 0.041) negative association was
found between ServSafe® certification and use of SP in the restroom, indicating that ServSafe®certified employees were less likely to use their SPs in the restroom. In addition, there was a
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significant association (n=49, φ = -0.288, χ2 = 4.072, p=0.044) in which individuals who
identified as White, non-Hispanic were less likely to frequently use their SP in the bathroom.

HOW OFTEN DO YOU USE YOUR
SMARTPHONE IN THE RESTROOM?
Never
24%, n=12

Always
6%, n=3
Usually
31%, n=15

Seldom
18%, n=9

About Half of
the TIme
20% n=10

Figure 8. Smart phone use in the restroom. This graph displays how often subjects reported
using their SPs in the restroom. Behaviors were assessed using a five-point Anchor Likert scale
and results are expressed in this figure as percentages for each particular response.
Spearman Rank Order Co-Correlates
A series of linked, mutually associated behavioral clusters were found among positively
identified sanitary practices when reviewed using Spearman Rho Rank Order Correlation for
non-parametric analysis (Figure 9 & Table 5). A series of significant associations were found
between the following behaviors: washing hands after handling trash; cleaning; food preparation;
smoking, drinking, and eating; sneezing and coughing; bathroom use; and touching facial
features and making contact with bodily fluids before SP use.
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Figure 9. Spearman Rho Rank Order Co-Correlates. This figure shows the series of associated
behavioral clusters found among positively identified sanitary practices when reviewed using
Spearman Rho Rank Order Correlation for non-parametric analysis. This series of co-correlates
shows that subjects who reported hygienic tasks were consistent with their sanitary habits with
multiple behaviors. The correlation coefficients and p-values of these significant associations can
be found in Table 5.
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Table 5
Spearman’s Rho Rank Correlation Index
A

B
0.615
0.000

D

E

F

G

H

I
-0.323
0.024

J

K
-0.297
0.038

L

M
-0.344
0.016

N

O

P
A
B

0.731
0.000

0.410
0.003
0.309
0.031

0.653
0.000
0.485
0.000

0.455
0.001
0.359
0.011

0.314
0.028

0.466
0.001
0.422
0.002

C
D
0.320
0.025

0.419
0.003

0.414
0.003
0.437
0.002

Cell Values
Correlation Coefficient (r)
P Value (p)

0.364
0.010
0.397
0.005
0.502
0.000

0.436
0.002
0.301
0.035

0.328
0.021
0.432
0.002
0.302
0.035
0.302
0.035
0.466
0.001

0.291
0.043
0.292
0.041

F
G
0.302
0.035
0.453
0.001

H
0.329
0.021

0.314
0.028

K

Legend

Spearman’s Rho Correlation < 0.01

I
J

-0.348
0.014

Spearman’s Rho Correlation ≤ 0.05

E

L
-0.284
0.048

M
0.320
0.025

O

A: Years at the Job
Step Correlation Index Key
B: Years in the Industry
C: Wash Hands Before SP Use
D: Wash Hands After SP Use
E: Remove Foodservice Gloves Before SP Use
F: Wash Hands After Handling Trash & Before Using SP
G: Wash Hands After Washing & Sanitizing, & Before Using SP
H: Wash Hands After Food Prep & Before Using SP
I: Wash Hands After Eating, Smoking, &/or Drinking, & Before SP Use
J: Wash Hands After Touching Mouth, Nose, or Eyes & Making Contact with Bodily Fluids, &
Before Using SP
K: Wash Hands After Sneezing & Coughing, & Before Using SP
L: Use SP in the Bathroom
M: Wash Hands After Bathroom Use, & Before Using SP
N: SP Hygiene Frequency
O: Believe SP Harbor Foodborne-Illness Responsible Microorganisms
P: Believe Handling SP at Work Without Washing Hands Could Result in Foodborne-Illness and
Other Illnesses in a Customer

Note. This step correlation index displays the series of significant correlations found using
Spearman Rho’s rank order correlation. Each cell lists the (1) correlation coefficient (r) and (2)
p-value. These cells are colored to indicate the level of significance of each Spearman Rho’s
correlation. Light blue indicate a p-value of 0.01 to 0.05, and dark blue indicate a p-value less
than 0.01.
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These relationships demonstrated a series of linked positively correlated significant
associations. Washing hands after handling trash had a positive association with washing hands
after cleaning (n=49, r=0.419, p=0.003), and smoking, drinking, and eating (n=49, r=0.414,
p=0.003) before SP use. Washing hands after cleaning had a positive association with washing
hands after food prep (n=49, r=0.432, p=0.002); smoking, eating, and drinking (n=49, r=0.397,
p=0.005); and coughing and sneezing (n=49, r=0.432, p=0.002) before SP use. Washing hands
after food preparation had a positive association with washing hands after eating, smoking, and
drinking (n=49, r=0.502, p<0.001) and contact with bodily fluids (n=49, r=0.436, p=0.002)
before SP use. Washing hands after making contact with bodily fluids was positively associated
(n=49, r=0.466, p=0.001) with washing hands after sneezing and coughing and before SP use.
Thus, some employees showed consistent hygienic behaviors.
In addition, Spearman’s Rho Rank Correlation showed that the longer employees worked
at their current position they were more likely to engage in positive hygienic behaviors. Years at
the job were associated with washing hands after eating, smoking, and/or drinking (n=49,
r= -0.323, p=0.024); sneezing and coughing (n=49, r= -0.297, p=0.038); and the using the
bathroom (n=49, r= -0.344, 0.016) and before SP use.

Smart Phone Use Sanitation and Associated Beliefs
In the final section of the survey, participants were asked about their cleaning SP
behaviors (Table 6). When asked about cleaning their SPs, a wide variety of responses were
provided with disinfectant wipe use (n=14, 31.8%) being the most common. Approximately
27.3% (n=12) of participants reported that they never cleaned their SPs when asked about
cleaning techniques. When participants were asked about how often they cleaned their SPs, only
16.3% (n=8) reported that they don’t clean their SPs, differing from the previous findings.
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Table 6
Smart Phone Cleaning Techniques and Frequencies
Total Percent of
(n)
Total (%)
Smart Phone Cleaning
Techniques
Disinfectant wipe
Cloth wipe
Designated electronic/
mobile phone cleaner
Alcohol swab
Window cleaner
Soap and water
Never cleans smart phone

12
6
4

31.8%
13.6%
9.1%

3
3
4

6.8%
6.8%
9.1%

12

27.3%

Smart Phone Cleaning
Frequency
Daily
2-3 times a week
Once a week
2-3 times a week
Once a month
Less than once a
month
Never

Total
(n)

Percent of
Total (%)

2
7
7

4.1%
14.3%
14.3%

10
8
7

20.4%
16.3%
14.3%

8

16.3%

Note. This table displays reported smart phone cleaning techniques and frequency. Results are
expressed in this figure as percentages for each particular response. Only 44 participants
answered the survey question regarding smart phone cleaning techniques, while 49 answered the
questions regarding smart phone cleaning frequency.
Overall, participants who reported that SPs can be a source of foodborne-illness
responsible microorganisms and can cause foodborne-illness and other illnesses were positively
linked with hygienic behaviors (Table 7). Participants who believed that SPs harbored
foodborne- illness responsible microorganisms also reported behaviors such as washing hands
after food preparation (n=49, r=0.302, p = 0.035) and washing hands after touching one’s mouth,
nose, or eyes and making contact with bodily fluids (n=49, r=0.314, p=0.028) and before SP use.
Participants who stated they believed that SPs can cause foodborne-illness or other illnesses
associated positively with behaviors such as removing gloves before SP use (n=49, r=0.291,
p=0.043) and washing hands after eating, smoking, and/or drinking and before SP use (n=49,
r=0.329, p=0.021). As expected, belief that SPs can harbor foodborne-illness responsible
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microorganisms was positively associated with the belief that SPs can cause foodborne-illnesses
or other illnesses in customers (n=49, r=0.320, p=0.025).
Table 7
Smart Phone and Foodborne-Illness Beliefs

Do you believe that your smart phone could harbor
potentially harmful microorganisms?
Strongly Agree
Somewhat Agree
Undecided/Neutral
Somewhat Disagree
Strongly Disagree
Do you believe that handling your smart phone during
work without washing your hands after use could result in
foodborne-illness and other illnesses in a customer?
Strongly Agree
Somewhat Agree
Undecided/Neutral
Somewhat Disagree
Strongly Disagree

Total (n)

Percent of
Total (%)

20
20
7
2
0

40.8%
40.8%
14.3%
4.1%
0%

20
17
7
4
1

40.8%
34.7%
14.3%
8.2%
2.0%

Note. This table shows the smart phone and foodborne-illness beliefs reported by study
participants in questions 30 and 31. Behaviors were assessed using a five-point Likert type scale
and results are expressed in this figure as percentages for each particular response.
Environmental Testing
The environmental results showed that 4.1% (n=2) of the 49 SPs tested positive for
coliforms, while none (0%, n=0) of the SPs tested positive for Salmonella and norovirus. The
bacterial samples were allowed to incubate for an additional 24 hours past the original test
specifications and were checked again after 48 hours. At this time, again Salmonella was not
detected in any of the SP samples 0% (n=0). Tests for coliforms resulted in four additional
positive samples (12.2%, n=6). As the observations at 48 hours were not within test procedures,
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the additional positive results could not be verified but may indicate presence of more coliform
than initially assessed.
The first hypothesis stated in Chapter 1 was accepted in this study: Foodservice
employees will engage in behaviors with their SPs that are associated with increased risk of
contamination with foodborne-illness responsible microorganisms. Foodservice employees were
engaged in multiple unhygienic behaviors using their SPs that could result in increased risk of
contamination with foodborne-illness responsible microorganisms. Behaviors that were found of
concern involved not always washing hands after engaging in eating, drinking and/or smoking
(n=44, 89.8%); washing and sanitizing (cleaning equipment, surfaces, and dishes) (n=35,
71.4%); touching facial features and making contact with bodily fluids (n=44, 89.8%); sneezing
and coughing (n=42, 85.7%); and bathroom use (n=15, 30.6%) and before SP use.
The second hypothesis could not be proved: Foodborne-illness responsible
microorganisms are present on SPs. Environmental testing found coliforms (n=4, 2.1%) on
subjects’ SPs, but detected no Salmonella or norovirus. Although coliforms were found present
on foodservice employees’ SPs, the specific coliform strains could not be identified as infectious,
foodborne responsible microorganisms according the methodology used in this study.
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Chapter 5: Discussion, Recommendations for Further Research, and Conclusions

Discussion
As technology continues to advance, SP use is on the rise and is present everywhere
including in foodservice establishments. This study examined behaviors and practices of
foodservice employees’ SP use in and out of the foodservice setting, and the presence of the
common foodborne disease illness responsible microorganisms, norovirus, Salmonella, and
coliforms on foodservice employees’ SPs.
As presented in Chapter 2, limited research has been conducted on SP behaviors in the
foodservice setting and the presence of foodborne disease responsible microorganisms on SPs.
Although there are not many published peer-reviewed articles on this specific topic, many of the
health care studies cited in Chapter 2 produced similar findings to this study.
Mark et al. (2014) found that 52% (n=79) of subjects reported using their MP up to 10
times per day at work, while 23% (n=33) reported use of 10 times per day or more. Conversely,
25% (n=38) of subjects reported that they did not use their SP at work (n=38).
Comparable findings were identified in subjects’ reported SP use in this study.
Approximately 42.9% (n=21) of study participants reported SP use of 1 to 5 times per day at
work, while 44.9% (n=22) reported SP use more than 5 times per day. Only 12.2% (n=6) of
participants reported that they never used their SP at work. Employees who reported their job
position as “management/supervision” had the most frequent SP use on the job.
Although limited research was found on employees’ MP/SP associated behaviors in
Chapter 2, these practices were examined in this study. A series of hygienic and unhygienic SPrelated behaviors were reported by foodservice employees.
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Employees who reported their job position as “management/supervision” demonstrated
hygienic skills before using their SP, including frequent hand washing after sneezing and
coughing. It was demonstrated that ServSafe® certified employees (46.9%, n=23) washed their
hands more frequently after sneezing and coughing than employees without ServSafe®
certification. In addition, years on the job was associated with washing hands after the following
activities before SP use: eating, smoking, and/or drinking; washing hands after sneezing and
coughing; and washing hands after the bathroom. Furthermore, a series of co-correlates indicated
that individuals who practiced hygienic behavior were consistent with these habits from task to
task. These co-correlates showed that when subjects stated that they practiced a specific hygienic
task, they were more likely to have reported other hygienic tasks.
On the other hand, many unhygienic personal behaviors were reported at work and at
home. Most disturbingly, 75.5% (n=37) of study subjects admitted to using their SP in the
bathroom. Of these individuals, 36.8% (n=18) admitted to using their SP in the bathroom
approximately 75 to 100% of the time. Other frequent unhygienic behaviors included admitted
limited handwashing before SP use after the following activities: eating, drinking, smoking,
sneezing, coughing, touching facial features, and making contact with bodily fluids.
Multiple studies in the literature review indicated that MP/SP owners did not clean their
SPs frequently. Sadat-Ali et al. (2010) found that only 12.4% of the health care professional
subjects reported that they occasionally cleaned their MPs with alcohol swabs and 41.2%
admitted to never cleaning their MP. Julian et al. (2012) also found limited MP/SP cleaning
where only 21.9% (n=27) of employee subjects reported cleaning their MP in their study.
Similarly, Brady et al. (2011) found that of the 102 patients assessed, 36.27% (n=37) reported
that they cleaned their MPs once a week or less. Approximately 50.9% (n=52) admitted that they
42

had never cleaned their MP. Likewise, in this study, 40 participants (81.6%) reported that they
cleaned their SP once a week or less. Approximately 16.3% (n=8) of subjects reported that they
never cleaned their SP when asked how often they cleaned their SPs, while 27.3% (n=12)
reported that they never cleaner their SP when asked what technique they use to clean their SP.
Brady et al. (2011) also observed multiple MP cleaning rituals used for SPs. Reported
MP hygiene techniques included anti-bacterial/alcohol wipes, damp cloths, and dry cloths. Most
common MP cleaning method was anti-bacterial/alcohol wipes. In this study, reported SP
hygiene techniques included disinfectant wipes, cloth wipes, soap and water, designated
electronic/mobile phone cleaner, alcohol swabs, and window cleaner. Like the study published
by Brady et al. (2011), disinfectant wipes were the most common cleaning technique in this
study (n=14, 31.8%).
Findings about beliefs regarding the presence of infectious microorganisms and
associated risk of infection in the literature review were also similar to this study, but were not
displayed in subjects’ actions. Mark et al. (2014) reported that when subjects were asked if they
believed that their MPs were contaminated, two-thirds stated that they felt that their MPs had
some form of contamination, while only 10% were confident that their MPs were not
contaminated, and 25% were unsure. Similarly, Srikanth et al. (2010) found that a majority of
health care workers acknowledged the potential bacterial microorganisms and risk for infections
associated with MP use. Seventy-three percent of these subjects reported that they thought it was
ideal to restrict MP use in the hospital.
Foodservice employees in this study agreed that SPs could harbor potentially harmful
microorganisms (n=40, 80.2%). Moreover, study subjects agreed that handling their SP during
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work without washing their hands after use could result in foodborne-illness and other illnesses
in a customer (n=37, 74.2%).
While health care studies showed large rates of contamination in Chapter 1 and a series
of unhygienic behaviors were reported in this study, contamination of SPs was minimal and was
not found to have a significant relationship with any of the other variables assessed in this study.
The environmental results showed that 4.1% (n=2) of SPs tested positive for coliforms, and none
of the SPs detected contamination of Salmonella and norovirus. While the samples found
positive were not further tested to determine if they were the primary foodborne-illness
responsible coliform strain, Shiga-toxin producing Escherichia coli (STEC), it is noteworthy
because positive coliform results could potentially indicate that fecal matter was present on the
SPs.

Limitations and Recommendations for Future Research
A few limitations present in this study included the small sample population size and the
scope of only one foodservice establishment. The methodology also proved restrictive because in
this study, only the presence of Salmonella, coliforms, and norovirus was assessed. This proved
to be a limitation because other tests for common foodborne-illness responsible microorganisms
were not evaluated. It also limited the extent of knowledge of the presence of Salmonella and
coliform strains on the SPs. It would be ideal to identify not only if coliforms were present but
also if specific, infectious strains, such as STEC, were present.
Norovirus was most likely not found in this study since there is very little Norovirus
present in the population during the time of year this study took place (Ahmed, Lopman, &
Levy, 2013). The presence of Salmonella on the SPs would have indicated that the subject had
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recently touched chicken or eggs that contained Salmonella and then touched their SP. Our tests
were able to detect both of these in the assay of this study, but still they were not recovered in the
sampling as these specific scenarios may have not occurred prior to sampling. The absence of
these microorganisms warrants the need to conduct sampling at different times of the day and
year.
It would have also been ideal to increase the number of subjects who participated in this
study because a larger sample population from many types of foodservice establishments would
better represent the overall foodservice workforce in the United States.
If this study were conducted again it would be recommended to utilize not only
dichotomous tests to confirm the presence of the tested foodborne-illness responsible
microorganisms, but also to evaluate positive results in the laboratory with further testing. Doing
so would permit the detection of specific microbial strains. This would help confirm whether or
not initial positive result was a false positive and could help identify any specific strains.
In addition, it would be further recommended to test for the other primary foodborneillness responsible microorganisms in the United States, including histamine (scromboid
poisoning), Clostridium perfringens, Staphylococcus enterotoxin, Ciguatoxin, and
Campylobacter jejuni (Gould et al., 2013).

Conclusions
The results of this study showed that foodservice employees practice unhygienic SP
related work behaviors and personal habits in the foodservice setting and at home. These
behaviors are commonly associated with the spread of potentially-harmful microorganisms, but
in this study coliforms were only found on two (4.08%) subjects’ SPs. However, the presence of
coliform bacteria could indicate the presence of fecal matter on the contaminated SPs. Presence
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of infectious microorganisms on SPs in the foodservice industry can potentially result in
contamination of food and ultimately cause foodborne-illness in a number of customers.
The findings of this study can be utilized to create policies and food safety procedures
regarding SP use in restaurants, cafes, hospitals, schools, and other foodservice establishments.
Although this study did not find a significant number of organisms responsible for foodborneillness such as microorganisms, Salmonella, coliforms, and norovirus, unhygienic practices were
reported. Unhygienic reported activities included high levels of SP use in the restroom and not
washing hands before SP use after the following activities: sneezing, coughing, eating, drinking,
smoking, touching facial features, and making contact with bodily fluids.
Further research needs to be done in this area to explore if SPs can harbor foodborneillness responsible microorganisms and contribute to foodborne-illness in customers of
foodservice establishments. Additional research would include larger sample populations at
multiple foodservice establishments and the inclusion of environmental testing of other
infectious foodborne-illness responsible microorganisms such as Clostridium perfringens,
Staphylococcus enterotoxin, and Campylobacter jejuni.
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Appendix B: Survey Design

Tier I: Employee Demographics
-Gender & Age
-Foodservice Employment Position & History
-Mobile Phone & Smart Phone Ownership
-Subjects who answer "no" to questions # 3, #7,
and/or #8 will be directed to the end of the
survey after Tier 1

Tier II: Mobile Phone & Smart Phone Use
History
-Mobile Phone Use History
-Smart Phone Use History
-Current Smart Phone Use Ownership

Tier III: Smart Phone Use Practices at Work
- Presence and incidence of smart phone use in
the foodservice setting
-Hygiene practices associated with smart phone
use in the foodservice setting
-Glove use associated with smart phone use in
the foodservice setting

Tier IV: Smart Phone Use Hygiene &
Associated Beliefs
-Presence of smart phone use in the bathroom
-Hygiene associated with bodily fluids and smart
phone use
-Smart phone hygiene
-Smart phone, cross contamination, and
foodborne-illness beliefs
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Appendix C: Survey
Tier I: Employee Demographics
1. What gender best describes you?
☐ Male
☐ Female
☐ Other, please specify _______________________
2. How old are you?
[drop-down answer box with age choices ≥ 18 years]
3. What is your ethnic or cultural identification?
☐ American Indian or other Native American
☐ Asian, Asian American, or Pacific Islander
☐ Black or African American
☐ White (Non-Hispanic)
☐ Hispanic or Latino
☐ Multiracial
☐ Other, please specify ________________________
☐ I prefer not to respond
4. Were you born in the United States?
☐ Yes
☐ No
Question #5 will only appear on the survey if subject answers “no” to Question #4
5. If you were not born in the United States, when did you move to the United States?
[drop down answer box with the choice of years from the last 100 years]
6. Are you ServSafe® certified (certification or re-certification in the last 5 years)?
☐ Yes
☐ No
7. What employee category best describes your position?
☐ Customer Service
☐ Food Prep
☐ Sanitation
☐ Supervision/Management
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8. How long have you worked at your current job?
☐ Less than 1 year
☐ 1-2 years
☐ 3-4 years
☐ 5-6 years
☐ 7 years or more
9. How long have you worked in the foodservice industry?
☐ Less than 1 year
☐ 1-2 years
☐ 3-4 years
☐ 5-6 years
☐ 7-8 years
☐ 9 years or more
10. Do you have a mobile/cell phone?
☐ Yes
☐ No*
11. Is your mobile/cell phone a smart phone?
☐ Yes
☐ No*
*Subjects who answer “no” for question ##10 and/or #11 will be directed to the end of the
survey
Tier II: Mobile Phone & Smart Phone Use History
12. How long have you used a mobile/cell phone (including previous mobile/cell phones)?
☐ Less than 3 years
☐ 3-6 years
☐ 7-10 years
☐ 11-13 years
☐ 14-16 years
☐ 17-19 years
☐ 20 years or more
13. How long have you used a smart phone (including previous smart phones)?
☐ Less than 2 years
☐ 2-4 years
☐ 5-7 years
☐ 8 years or more
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14. How long have you had your current mobile/cell/smart phone?
☐ Less than 1 year
☐ 2-3 years
☐ 4-5 years
☐ 5 years or more
Tier III: Smart Phone Use Practices at Work
15. Approximately how many times per day do you pull out and use your smart phone at work?
☐ 1-5 times per day
☐ 6-10 times per day
☐ 11-15 times per day
☐ 16 times per day or more
☐ I don’t use my smart phone at work
16. Do you wash your hands before using your smart phone at work?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
17. Do you wash your hands after using your smart phone at work?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
18. When wearing foodservice gloves, do you remove your gloves when using your smart
phone?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
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Question #19 will only appear on the survey if subject answers “usually,” “about half of the
time,” “seldom,” or “never” to Question #18
19. If you wear foodservice gloves when handling your smart phone, do you take your gloves off
before returning to food preparation?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
20. After handling trash, do you wash your hands before using your smart phone?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
21. After washing and sanitizing (e.g., equipment, surfaces, dishes), do you wash your hands
before handling your smart phone?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
Tier IV: Personal Mobile Phone & Smart Phone Use Practices
22. After preparing food at home, do you wash your hands before using your smart phone?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
23. After eating, drinking, and/or smoking, do you wash your hands before using your smart
phone?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
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24. After touching your mouth, nose, or eyes and making contact with bodily fluids (e.g., saliva),
do you wash your hands before using your smart phone?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
25. After sneezing and coughing, do you wash your hands before using your smart phone?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
26. How often do you use your smart phone in the bathroom?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)
Question #19 will only appear on the survey if subject answers “always,” “usually,” “about half
of the time,” or “seldom,” to Question #18
27. After using the bathroom, do you wash your hands before using your smart phone?
☐ Always
(approximately 100% of the time)
☐ Usually
(approximately 75% of the time)
☐ About half of the time
(approximately 50% of the time)
☐ Seldom
(approximately 25% of the time)
☐ Never
(approximately 0% of the time)

Tier V: Smart Phone Use Hygiene & Associated Beliefs
28. How do you clean your smart phone?
☐ Cloth wipe
☐ Alcohol swab
☐ Soap and water
☐ Window cleaner
☐ Designated electronic/mobile phone cleaner
☐ I don’t clean my mobile phone
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29. How often do you clean your smart phone?
☐ Daily
☐ 4-6 times a week
☐ 2-3 times a week
☐ Once a week
☐ 2-3 times a month
☐ Once a month
☐ Less than once a month (i.e. less than 11 times per year)
☐ Never
30. Do you believe that your smart phone could harbor potentially harmful, foodborne-illness
responsible microorganisms?
☐ Strongly Agree
☐ Somewhat Agree
☐ Undecided/Neutral
☐ Somewhat Disagree
☐ Strongly Disagree
31. Do you believe that handling your smart phone during work without washing your hands
after use could result in foodborne-illness in a customer?
☐ Strongly Agree
☐ Somewhat Agree
☐ Undecided/Neutral
☐ Somewhat Disagree
☐ Strongly Disagree
Tier VI: Environmental Testing
Please list the four-digit code on the test tubes you selected for the environmental
microbiological testing portion of this study:
Test Tube 1 (Salmonella): [Fill in the blank – 4 character maximum]
Test Tube 2 (coliforms): [Fill in the blank – 4 character maximum]
Test Tube 3 (norovirus): [Fill in the blank – 4 character maximum]
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