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Abstract 

 
Background – In 2022, billions of mobile phones are in circulation, with two-thirds of the 

world's population using a mobile phone and roughly three-quarters of all mobile handsets 

being smartphone devices. With the extensive availability of mobile devices/smartphones 

globally, the healthcare sector has adapted to using these devices as a work aid to increase the 

quality of care. Most doctors, nurses, and healthcare staff of all levels of seniority regularly use 

either their mobile devices/smartphones to communicate and provide efficient medical advice 

across departments in healthcare settings. Fomites are objects or materials that can become 

contaminated with pathogens and serve as vehicles of transmission of infectious 

microorganisms. While multiple fomites are reported in the literature, mobile 

devices/smartphones are often un-noticed and neglected platforms that may be responsible for 

large-scale microbial transmission. These devices have a strong point of difference when 

compared to other common fomites. Both the intrinsic features of mobile phones and user’s 

habits provide the optimal conditions for microbes to thrive on phone surfaces. As frequent 

“highly touched” platforms with users spending on average 3-4 hours per day and touching 

their devices up to 3000 times per day, smartphones raise strong concerns for microbial 

transmission. The United States Center for Disease Control and Prevention (CDC) has outlined 

that up to 80% of all infectious diseases is transmitted via hands. Of concern, whilst individuals 

wash their hands, mobile devices/smartphones are very rarely cleaned or decontaminated as 

phone hygiene is often overlooked. This enables continual re-contamination of hands via device 

interaction and allows pathogens to by-pass gold standard handwashing via these ‘Trojan 

Horse’ fomites and contribute to the spread of nosocomial disease in healthcare and community 

settings.  

 

Aim – To determine, through next-generation metagenomic sequencing, whether mobile 

devices/smartphones harbour a wide array of microorganisms in healthcare and community 

settings, to explore the hygiene habits of individuals and their mobile phones and finally to 

provide solutions to sanitise mobile phones.  

 

Methods – We conducted six studies. The first study was a systematic review where we 

identified, appraised, and analysed a total of 56 studies of mobile phone contamination from 

both community and hospital-based environments. Our second study was a large hospital-based 

cross-sectional study exploring three different hospital wards. This study utilised a mixed-
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methods approach combining traditional culture-based growth of swab samples followed by 

next-generation sequencing to produce a robust profile of each mobile phone. We conducted 

our third study in conjunction with the hospital-based, cross-sectional study, a hospital-based 

survey. The survey study focused on understanding the hygiene habits of 165 healthcare staff 

to characterise the role of mobile phones in the professional setting. Our fourth study was a 

community-based pilot investigation, employing the same mixed-methods protocol from the 

hospital-based study to determine any variance in contamination between hospital-based and 

community-derived mobile phones. Our fifth study was a second hospital-based, a cross-

sectional study utilising a direct swab-to-sequencing approach to capture the entire scope of all 

microorganisms present on mobile phones without prior selection of species through agar-based 

growth. Our final study assessed different ultraviolet-C sanitisers to determine the most suitable 

method to decontaminate mobile phones.  

 

Results – The first study (status: published), a systematic review, demonstrated that 68% of 

mobile phones are contaminated with microorganisms. Mobile phones used in healthcare 

settings contained higher amounts of antimicrobial resistance than mobile phones in the 

community. However, the identification of organisms on mobile phones is likely underreported 

as most studies used low sensitivity tools that only allow for the target of few species of 

organisms. 

The second study (status: published), a large hospital-based cross-sectional study (three 

paediatric wards were investigated), demonstrated that mobile phones used in healthcare 

settings are heavily contaminated with viable and potentially infectious microorganisms. The 

metagenomic sequencing approach identified 399 bacterial operational taxonomic units from 

30 mobile phones. Additionally, there were high amounts of virulence, and antimicrobial 

resistance identified across all mobile phones with 347 virulence factor genes and 133 

antibiotic-resistant genes. Among the three wards investigated, the neonatal intensive care unit 

contained higher amounts of pathogens and antimicrobial resistance compared to the other 

wards (paediatric intensive care unit and paediatric emergency department). 

To understand the role of mobile phones in the professional setting and why devices may 

contain higher amounts of antimicrobial resistance, we conducted our third study (status: 

published), a questionnaire-based survey. 165 paediatric healthcare staff completed the 

questionnaire, which consisted of 14 questions and eight sub-questions. The survey confirmed 

that 87% (144/165) of participants believe that their mobile phone is an essential tool for their 

job. Almost all staff (98%) acknowledge that their devices may be contaminated with 
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pathogens. Nonetheless, 57% (94/165) never cleaned their mobile phones, and 52% (86/165) 

use their mobile phones in the toilet, with these habits potentially contributing to the higher 

amounts of microbial contamination and antimicrobial resistance.  

The fourth study (status: published), a community-based pilot study, demonstrated that 

community-derived mobile phones are reservoirs for viable and potentially infectious 

microorganisms. In total, there were 173 bacteria, eight fungi, eight protists, 53 bacteriophages, 

317 virulence factor genes and 41 distinct antibiotic-resistant genes identified across five 

mobile phones. Notably, this study is the first to report on the presence of protozoa on mobile 

phones. Overall, the range of organisms identified suggests that mobile phones pose a 

significant biothreat and may be responsible for the rise in community-acquired infections.  

The fifth study (status: pre-print), a second hospital-based cross-sectional study (two paediatric 

wards were investigated), demonstrated an extended spectrum of organisms without the use of 

traditional culture-based growth but using a direct metagenomic high depth shotgun sequencing 

approach. In total, there were 5715 bacteria, 675 fungi, 93 protists, 320 viruses, 23 respiratory 

viruses, 4456 bacteriophages, 1536 virulence factor genes and 560 antibiotic-resistant genes 

identified across 26 mobile phones.  

The sixth study (status: in preparation manuscript), an evaluation of different ultraviolet-C 

mobile phone sanitisers, explored the efficacy of two commercially available phone sanitisers 

with an industrial-grade phone sanitiser. This study demonstrated that the industrial-grade 

device provides a complete sanitisation within a small timeframe compared to the commercially 

available devices, which provided suboptimal sanitisation and required an extended operation 

time. Furthermore, high amounts of spore-forming organisms were present following the use 

of the commercially available devices adding additional risks of use and invalidating the 

devices.  

 

Conclusions – The systematic review demonstrated that mobile phones are contaminated with 

pathogens; however, the use of traditional culture-based techniques results in an under-

representation of the total microbiome of organisms present and, therefore, the need to conduct 

whole metagenomic next-generation sequencing. The first hospital-based cross-sectional study 

and hospital-based survey confirmed that mobile phones are often never cleaned and commonly 

used in toilets, which complements the spectrum of viable organisms uncovered as numerous 

faecal-based pathogens were established on healthcare workers' mobile phones. Both the first 

hospital-based cross-sectional study and the community-based study utilised a mixed-methods 

protocol of culture-based growth followed by next-generation sequencing, which allowed for a 



 v 

greater taxonomic scope of viable organism detection, however still limited in the spectrum of 

microorganism detection. The second hospital-based cross-sectional study resolves all previous 

limitations by utilising a direct swab-to-sequencing methodology and confirmed a wide variety 

of human, plant and animal pathogens with strong public health and biosecurity implications. 

Finally, scientifically validated disinfection and decontamination protocols are critical in 

tackling this issue with industrial-grade ultraviolet-C phone sanitisers delivering a safe, 

efficient, and germicidal sanitisation solution. 
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1.1 Healthcare-Associated Infections 

 
Healthcare-associated, or nosocomial, infections (HAIs) are infections acquired in hospitals or 

healthcare facilities and are unrelated to the patient’s original illness. These infections are either 

not present or incubating at the time of admission [1]. HAI symptoms typically appear 

following hospital admission or within 30 days after the patient has been discharged [2]. Both 

adults and paediatric patients are at risk of acquiring HAIs. UTIs are most common HAIs in 

adults followed by bloodstream infections and pneumonia, and finally UTIs are most common 

in children. 

Bacterial HAIs are a common issue for adult patients [3]. These include catheter-associated 

urinary tract infections (CAUTIs/UTIs), central line-associated bloodstream infections 

(CLABSIs/BSIs), surgical site infections (SSI), ventilator-associated pneumonia (VAP), 

hospital-acquired pneumonia (HAP) and Clostridium difficile infections (CDIs) [1]. Viral 

infections tend to have a greater impact on children.  

A 2017 retrospective study explored the incidence, morbidity, and mortality of hospital-

acquired respiratory viral infections in paediatric and adult patients between 2015- 2016 [4]. 

The results confirm that the incidence rate was nearly 10 times higher in the paediatric hospital, 

with 5 cases/10,000 admissions observed in adult hospitals and 44 cases/10,000 admissions 

seen in paediatric hospitals. Furthermore, infants younger than 1 year and with significantly 

low birth weights (<1000g) in neonatal intensive care units (NICU) or paediatric intensive care 

units (PICU) have the highest rates of HAI and are at the greatest risk of developing an 

infection. 

HAIs are a major cause of morbidity and mortality around the world. A 2011-12 study explored 

the prevalence of HAIs in children and adolescents from 1149 European hospitals. The study 

confirmed that around 4.5% (770 HAIs in 726/17,273) of children and adolescents within the 

PICU and NICU wards contained the highest prevalence of infections of 15.5% and 10.7% 

respectively [5]. The Centre for Disease Control and Prevention (CDC) published a multistate 

point prevalence survey highlighting the incidence rates of HAIs in 2011. The survey indicated 

that out of 11,282 patients from 183 United States (US) hospitals, 4% of patients of any age in 

acute care wards were suffering from at least one HAI which was estimated to be approximately 

648,000 patients suffering from 721,800 infections. The leading causes of infection were SSIs 

(21.8%) and chest infections (pneumonia) (21.8%), gastrointestinal infections (17.1%), UTIs 
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(12.9%) and BSIs (9.9%) [6]. A 2013 study conducted in a major teaching hospital in north 

Taiwan outlined how fungal HAIs have increased in their Intensive Care Unit (ICU) wards over 

the past decade. The study identified a total of 516 episodes of ICU fungal HAIs resulting from 

BSIs, UTIs and SSIs [7]. In 2014, a large European study highlighted that more than 10% of 

patients admitted to ICU wards developed a severe HAI [8]. The study examined data on 78,000 

patients across 525 ICU wards in six European countries and estimated that 69% of BSI and 

52% of VAPs were preventable through improved quality of care. In a third world context, a 

Nigerian study published in 2012 emphasised the impact of HAIs in different hospital wards 

which may be at greater risk of acquiring an infective agent [9]. The study concluded that the 

ICU is a major risk for the emergence of antibiotic-resistant bacteria with Gram-positive 

bacteria surpassing Gram-negative bacteria as the principal cause of nosocomial infections. 

Fundamentally, even before 2002, there was evidence of an emerging trend in HAI ICU 

infections [10].  

A 2017 study outlined approximately 83,096 HAIs occur each year within Australian hospitals 

including 71,186 UTIs (85.6%), 4,902 CDIs (6%), 3,946 SSIs (4.7%), 1,962 respiratory 

infections in acute stroke patients (2.3%) and 1,100 bacteraemia infections (1.3%) [11]. 

Furthermore, this study suggests that the current estimates are inaccurate with incomplete data 

associated with gastroenterological, bloodstream and pneumonia infections possibly 

accounting for up to 50-60% of HAIs. Furthermore, through a systematic search of peer 

reviewed literature between 2010-16, the accurate incident rate estimate appears to be around 

165,000 HAIs for Australian hospitals [11]. This is supported by estimates from a previous 

2008 study which estimated approximately 200,000 HAIs each year in Australian hospitals 

[12]. 

Correct hygiene practises are critical for the control and prevention of HAIs. The use of alcohol-

based hand rub (ABHR) and hand hygiene education are pivotal practises and recommended in 

healthcare settings [13]. Prior to washing hands, all jewellery should be removed including 

watches and rings. Any scratches or wounds should be covered up as they can harbour infection. 

Hand washing should be a 30-40 second wash covering the whole hand and wrist and should 

take place after using the toilet, before and after eating food, and after handling contaminated 

material [14]. The World Health Organization’s (WHO) 5 stages for hand hygiene (World 

Alliance for Patient Safety) can be applied to any health care setting and states that you should 

wash your hands, before touching a patient, before clean/aseptic procedures, after body fluid 
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exposure/risk, after touching a patient and after touching patient surroundings. Surgical scrub 

is a systematic hand washing procedure that is much longer than conventional handwashing 

and uses an antiseptic solution prior to surgery [15]. Patients need to be cleaned before surgery 

as they can bring contaminants into the theatre [14]. Hospitals have long emphasised good 

hygiene practises by staff, however despite the current practices, the system is obviously failing 

with infections still present and even more dangerous. The rate for HAIs at Principal Referral 

Hospitals in Australia was 148 per 10,000 hospitalisations in 2015-16 [16].  

HAIs not only cause harm to patients, but they also add to an already significant healthcare cost 

burden. In the US the overall costs of HAIs in hospitals ranges from $28 billion to $45 billion 

[2]. Currently, there are no distinctive measures to determine the economic impact of HAIs and 

antibiotic-resistant infections within Australia. Teresa M outlined in 2018 that the only 

published Australian statistic estimates a total cost of AUD$250 million per year [17]. 

However, this statistic is based on international data that is more than 10 years old [18]. One of 

the main drivers for the high costs of HAIs is the global increase in antimicrobial resistance 

(AMR) seen in pathogenic bacteria within healthcare settings [6]. Furthermore, a HAI often 

prolongs the hospital stay for patients that is on average 18.1 days longer when compared to 

patients who do not acquire a HAI. The national average cost per admitted acute overnight stay 

is estimated at $2,074, coupled with a longer stay involving a HAI may result in extra costs of 

$37,539 [16]. The economic burden of antibiotic-resistant infections encompasses costs of drug 

treatment and purchases of therapeutic agents, laboratory-based identification tests, diagnostic 

methods, bronchoscopies, magnetic resonance imaging (MRI) and radiological studies. This 

becomes an issue when these additional costs cannot be handed over to the patient receiving 

treatment or their insurers. Patients are subsequently exposed to both direct (upfront payments) 

and indirect (decreased productivity/income reduction) costs for infections [19]. A review 

published in 2014 estimated a global cost of antibiotic-resistant infections to reach $100 trillion 

in addition to 10 million further deaths by the year 2050 if this issue is not resolved [20].  

There are numerous risk factors for acquiring a HAI. Previous research has emphasised that, 

longer hospital stays [21], age of the patient [22], gender [23], type and size of the hospital [24], 

mechanical ventilation [25], surgery following admission [26] and urinary catheter and 

intravascular catheter [27], were some of the major risk factors. Patients who experience 

multiple hospitalisations over a short period of time are at a greater risk of developing a HAI 

[28]. Additionally, immunocompromised patients including weak/frail or elderly patients with 
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low immunity are more susceptible to acquiring an infection [29]. Premature infants are 

relatively immunocompromised, and research has shown that infants in the NICU typically 

develop abnormal microbial flora which is generally transmitted via hand carriage from 

healthcare workers and results in multidrug-resistant invasive disease [30]. Fundamentally, due 

to the ever-increasing health-associated risks from HAI for patients, the economic burden 

associated with them and antibiotic selection pressure, it is imperative to determine potential 

sources of infection evading the hygiene protocols already being implemented in hospitals.  
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1.2 Types of Microorganisms Found in HAIs 

There are a multitude of different pathogens responsible for HAIs. The most serious pathogens 

have been associated with antimicrobial resistance which is of increasing concern for ICUs. 

These include the Gram-positive Enterococcus faecium and Staphylococcus aureus as well as 

the Gram-negative, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 

aeruginosa and Enterobacter spp. This group makes up the acronym “ESKAPE” [31].  

The looming threat of multidrug-resistant (MDR) microorganisms is especially serious in a 

nosocomial setting and has been described as one of the main problems facing human health 

[32]. Not all HAIs are of bacterial origin. In paediatric settings, for example, nosocomial 

outbreaks of viral diarrheal disease, gastroenteritis and respiratory viruses have been observed 

because of norovirus and rotavirus [18]. In particular, nosocomial acquired respiratory 

syncytial virus (RSV) can pose severe consequences for hospitalized patients. A 2012 

retrospective study explored the mortality and morbidity of nosocomial RSV in ventilated 

children over a 10-year period. The results of this study outline that of 525 RSV-positive 

children, 38 (7.2%) had acquired their RSV infection after being admitted to the PICU [33]. 

The study concluded that nosocomial RSV infection is independently associated with increased 

mortality and length of stay in paediatric patients. In intensive care settings, nosocomial 

outbreaks of RSV, Rhinovirus and Influenza are also of a major health concern [34]. A review 

by Haque outlines how respiratory microorganisms, for example, Bordetella pertussis, 

Influenza virus, Haemophilus influenzae, Neisseria meningitidis, Mycoplasma pneumonia, 

severe acute respiratory syndrome-associated coronavirus, adenovirus, rhinovirus, Group A 

Streptococcus, and tubercle bacilli are dispersed easily through droplets (particles ≤5 μm in 

size), and can cause endemics and epidemics in closed health care settings [31].  

Fungal infections can also be acquired from health care settings. Candidaemia is the presence 

of Candida species in the blood stream and remains the fourth most common cause of 

nosocomial BSIs [35]. The most common Candida species include C. glabrata, C. albicans, C. 

tropicalis, C. parapsilosis, C. lusitaniae and C. krusei [36].  

Parasitic nosocomial infections are often ignored, for example, a 2013 study explored data from 

1,265 ICUs in 75 countries and reported the proportion of parasites in nosocomial infections to 

be 0.48% [37]. The major classes of protozoan parasites include, Plasmodium (causing 

malaria), Entamoeba histolytica (causing amebiasis), Trypanosoma (causing Chaga’s disease 
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and sleeping sickness) and Leishmania (causing leishmaniasis) [38] [39]. Furthermore, 

zoonotic microorganisms that originate from animals, whilst not nosocomial in origin, are also 

often ignored but still provide a significant risk to immunosuppressed individuals undertaking 

radio and chemotherapy, pregnant women, and young children with weak immunity. 

Zoonotic pathogens can remain on fomites and be transmittable in hospital settings [40]. 

Transmission dynamics is dependent on the situation and where transmission occurs. Within 

health-care settings, infectious pathogens can be transmitted amongst individuals through 

multiple pathways which include faecal-oral route, airborne route (respiratory droplets), vector-

borne route or direct contact route with fomites. The impacts of fomite-mediated transmission 

depend on the specific pathogen, behavioural factors that influence contact with fomites and 

the location of transmission [41]. Cases of transmission of rotavirus, S. aureus and K. 

pneumoniae in health-care settings have been observed as a result of direct contact with 

contaminated surfaces [42] [43] [44]. Figure 1 outlines a visual diagram representing the major 

microorganism groups responsible for HAIs and their transmission pathways. Table 1 is a 

summary of the most important microorganisms causing HAIs categorised taxonomically. It is 

important to note that Pseudomonas aeruginosa is a leading nosocomial pathogen and the most 

common cause of HAP and VAP.  

Figure 1: Transmission diagram of major microorganism groups responsible for HAIs.  
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Table 1: Summary of most important microorganisms causing HAIs. 
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1.3 Mobile Devices/Smartphones as Potential Fomites 

Fomites are objects or materials that may be contaminated and serve as vehicles for 

transmission of infectious microorganisms such as bacteria, viruses, and fungi [45]. Once a 

surface or object becomes contaminated, it is considered a fomite and can freely contaminate 

porous and nonporous surfaces if contact occurs [46]. The surfaces of fomites are populated by 

different types of microorganisms which can be divided into six types: bacteria, viruses, 

archaea, protozoa, algae and fungi. The main microorganisms that inhabit fomites and cause 

disease typically include bacteria, viruses, and fungi [47]. Factors such as environmental 

temperature, humidity, UV exposure and the presence of other microbes influence whether 

microorganisms will adhere to and survive on a fomite [48]. Biological fluids, for example 

sputum, can also prolong the survival of Pseudomonas aeruginosa. Additionally, whether the 

fomite surface is porous or nonporous and the amount of moisture present will also affect the 

survival of the virus [49]. Studies have reported that only a small amount of virus particles may 

be required to infect the host. Following contact, the virus can infect the body through portals 

of entry, including the eyes, mouth, nose, and nasopharynx [50]. During and after illness, 

viruses are continually excreted from bodily fluids (saliva, nasal fluid, stools, urine) in large 

numbers depending on the specific virus. Surrounding items can become fomites through 

contamination with the virus via direct contact or through bodily fluids excreted via sneezing, 

vomiting, or coughing [51]. Further studies have shown how viruses can be transmitted through 

airborne means via inhaled respiratory aerosols and through (heavy) droplet transmission which 

is a form of contact transmission [52].  

Within hospital settings, patient-care items can serve as a reservoir for microorganisms and act 

as a fomite for healthcare-associated pathogens [53]. Mobile devices/smartphones have 

fundamentally changed over time to include popular touchscreen devices which can act as a 

potential fomite and contribute to HAIs [54]. Ineffective disinfection practices have resulted in 

large scale healthcare-associated outbreaks with repeated incidents due to contaminated 

medical equipment. The ongoing threat of antibiotic resistant microorganisms continues to pose 

a problem to the health care industry as these organisms may be increasing due to patient-care 

fomites. The introduction of integrated electronic medical records (ieMR), which is a complete 

digital record of patient’s medical history, typically displayed on a tablet device, is currently 

being rolled out in hospitals and healthcare settings. Touch screens, like other fomites, can 

become contaminated by contact from contaminated fingers, air borne microbes, humidified by 
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breath, finger derived dead cells, food-based compounds etc. Interestingly, microbes tend to 

have much more persistence to particular fomites than others. Rhino and Influenza viruses can 

remain active on harder surfaces such as stainless steel, plastic and glass when compared to 

fabrics [55]. Past studies have explored the extent of rhinovirus transmission of contaminated 

doorknobs on volunteers [56]. This study confirmed that rhinovirus particles were able to be 

recovered from volunteer’s hands because of hand-to-hand contact between the donors and the 

recipients.  

Fomite-mediated transmission is a critical pathway for causing infectious disease in both 

community and healthcare-based settings. When compared to other transmission pathways such 

as airborne and direct person-to-person contact, fomite-based transmission occurs when 

microorganisms from an infected individual are deposited on an inanimate object and 

subsequently transmitted to a susceptible host [57]. A 2018 study analysed fomite-mediated 

transmission by exploring pathogen transfer between surfaces and hands for three pathogens 

(Influenza, Norovirus, and Rhinovirus) [41]. The study outlined that fomite-based interventions 

may be able to interrupt transmission of Influenza; however, norovirus and rhinovirus are so 

infectious that transmission pathways are unlikely to be interrupted by single environmental 

interventions.  

The surface size (large vs small) and the contact frequency of fomites can impact transmission. 

Highly touched large surfaces, including public benches and tables, have the highest 

transmission potential. Infectious individuals who use their hands when covering a cough divert 

infective pathogens from the droplet-fomite route to the hand-fomite route, which has the 

potential to increase fomite transmission amongst highly touched devices [58]. Therefore, it is 

fundamental to review whether personal-care items and touchscreen devices may be a source 

of reoccurring HAIs, particularly concerning patients who are immunocompromised, children 

and infants who are most at risk and critically ill in the paediatric ward and NICU [59]. Mobile 

phone and tablet surfaces are composed of silicon (24.88%), plastic (22.99%), iron (20.47%), 

aluminium (14.17%) and a range of other metals [60]. Figure 2 highlights the amorphous 

structure of silicon dioxide which has similar properties to both ceramic and glass material.  
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Figure 2: Structure of silicon dioxide, used in the production of touch screen devices and 

Gorilla Glass. 

The touch screen particularly is made of Gorilla Glass, which is reported to be able to withstand 

100,000 pounds of pressure per square inch [60]. Composed of an oxide of silicon and 

aluminium, Gorilla Glass is strengthened by additional potassium ions which replace sodium 

ions (Figure 2). During the chemical treatment of Gorilla glass, the more reactive potassium 

ions displace sodium ions due to their larger size and create potential energy by taking space 

that was previously occupied by smaller sodium ions. The strength of Gorilla Glass has enabled 

manufactures to increase the surface area of smartphone devices to provide users with larger 

screens and increased touch-based capabilities. 

Smartphones can also be accompanied by cases and screen protectors which can have rough 

surfaces that increase the surface area and provide crevasses where contamination can occur 

[61]. The cases are usually composed of soft, hard and hybrid plastics [62]. Soft plastic cases 

are usually manufactured from thermoplastic or polyurethane. Hard plastic cases are composed 

of polycarbonate, polypropylene or polyurethane which provide ample spaces and textures for 

microorganism adherence and colonization. Temperature plays a role in a fomites capacity to 

harbour microorganisms by providing optimal temperatures to sustain growth. A smartphone 

device can reach temperatures over 50oC (122oF) when the device is on, however when the 

devices are switched off the temperature will vary depending on the surrounding environment. 

Depending on the behaviour of the device the temperature can fluctuate with prolonged use 

causing increased surface temperature [63].   
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Mobile phones have been shown to harbour a range of microorganisms but have never yet been 

demonstrated to transmit microbes to patients in health care settings due to the lack of public 

health authorities and researchers in general”. An education workshop investigated whether 

mobile phones could be used to gather data on personal microbiomes [64]. The study centred 

their investigations on identifying microbial communities on smartphone touchscreens and 

comparing the results with skin microbiome samples taken from the owner of the phone. The 

results of the study confirmed that 22% of the bacterial taxa present on fingers were also present 

on mobile phone screens. However, the study did not characterise the different types of bacteria 

present on these fomites. It is imperative that research be undertaken to evaluate and to identify 

the microbial presence. Data of microbial presence on mobile phones will surely be of 

importance to healthcare facilities as fomites like mobile phones could potentially harbour 

viruses and antibiotic resistant bacteria which could severely impact members of our 

community, most notably immunocompromised individuals [65]. Nerminathan and other 

authors published a work in the Internal Medicine Journal in 2016, exploring the use of mobile 

devices by doctors in clinical settings, with emphasis on a paediatric and adult teaching hospital 

environment [66]. The study utilized a mixed methods procedure which involved paper-based 

surveys, which examined mobile device usage, as well as focusing on groups which 

investigated the doctors’ objectives for either using or refraining from using a mobile device in 

a clinical setting. The study found that of the 109 doctors questioned through the survey, 91% 

owned a smart phone and 88% admitted to using their mobile in the clinical setting. On the 

other hand, the focus group data outlined numerous factors that influenced the doctors’ 

decisions to use a mobile device which includes convenience for medical photography [67]. 

With reference to the use of mobile phones by healthcare workers (HCW’s) in the working 

environment, a study published in 2016 aimed at investigating whether mobile phones are 

contaminated with disease causing viruses [68]. The study focused on RSV, Adenovirus, and 

Influenza, with a methodology consisting of swabbing both the front and back of 50 HCW’s 

mobile phones for eight days. Additionally, a questionnaire was provided to 101 HCW’s as a 

means of examining their usage of mobile phones. The results of the study outlined that 10% 

of the phones sampled were contaminated with one of the viral pathogens of interests. 

Furthermore, the questionnaire data showed that 88% of responders were aware that their 

mobile phone has a means of potential to be contaminated, however only 13% of responders 

did take actions to disinfect their phones regularly. Undoubtedly, mobile phone disinfection 

guidelines that utilize alcohol wipes should be explored and implemented in healthcare settings. 
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1.4 Surface Adherence of Microorganisms 

Adherence is the first step in infection and therefore it is of interest to understand the 

mechanisms used by various microorganisms to attach to their host. Physicochemical 

characteristics determine the adherence of microorganisms to solid surfaces and is a multi-step 

and complex process. Bacteria, for example, have been shown to attach to surfaces using 

appendages called fimbriae or pili possessing locomotive abilities such as tumble, darting, 

gliding, and swarming [69]. For example, Uropathogenic E. coli employ a clever ‘catch-bond’ 

mechanism of binding to host urothelium – an interaction strong enough to withstand the sheer 

force of urine flow [70] [71]. Similarly, viruses attach to host cells via interaction between 

special surface proteins and receptors on host cell surfaces [72].   

At the molecular level, there are similarities in how microorganisms adhere to host surfaces 

(whether they’re living or inanimate surfaces). For instance, adhesion between a bacteria and 

host cell involve a protein adhesin in which the binding site is designed to bind to a specific 

ligand on the host cell surface. The strength of the adhesion between adhesin and host cell or 

surface is commonly represented by the magnitude of the binding Free Energy (∆G) - a function 

of several non-covalent forces including electrostatic interactions, Van der Waals, hydrogen 

bonding and hydrophobic interactions between ligand and protein in particular surface 

hydrophobicity and electrostatic potential [73]. 

For solid surfaces, experiments have demonstrated that adhesion is enhanced as hydrophobicity 

increases [74] [61]. A study by Harkes interestingly demonstrated that on solid surfaces, 

hydrophobic bacterial strains migrated faster than hydrophilic strains, whilst highly negative 

charged strains migrated faster than positively charged strains [70]. Additionally, many viruses 

contain hydrophobic viral coat proteins which allow them to remain attached to solid surfaces 

and fungi have also been shown to exhibit cell-surface hydrophobicity. The van Loosedrecht 

group explored surface adhesion of 16 bacterial strains by measuring the contact angle of water 

on a bacterial layer [75]. Differing contact angles ranged from 15-70o. In general, if the contact 

angle of water is larger than 90
o the solid surface is considered hydrophobic, whereas a water 

contact angle lower than 90
o is considered a hydrophobic surface. The van Loosedrecht group 

concluded that water contact angle was the best measure to determine hydrophobicity.  
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Additionally, surface characteristics of microorganism substrate play a significant role in the 

initial state of attachment. Studies have shown that most bacteria have a negative charge on 

their cell wall although strength of charge varies between species. The situation is complicated 

by the presence of the zone around bacteria containing counter-ions or/and presence/absence of 

biofilms [61]. Mobile phones typically contain both glass and metal oxide-based surfaces. Glass 

is hydrophilic (specifically cationic), however mobile phone surfaces have been known to be 

coated with hydrophobic layers to repel water. Furthermore, due to their positive charge, metal 

oxides can increase adhesion of negatively charged microorganisms to surfaces [76] [73] 

Following the initial adhesion, more complex docking via specific molecular interactions such 

as polysaccharide intercellular adhesin (PIA), as seen in Staphylococcus epidermidis [77].   

There are many interactions of microorganisms and surfaces that result in a change in gene 

expression that fundamentally effects cell morphology and behaviour. This includes changes to 

genes that are essential for motility and surface adhesion. One strain of bacteria, Caulobacter 

crescentus utilizes surface attachment as a means of optimising nutrient uptake [78]. This 

microbe is able to move between stalked cells that adhere firmly to surfaces. The phenotypic 

switch of C. crescentus allows for the cells to adapt to both nutrient-poor (favouring adhesion) 

and nutrient-rich (favouring motility) environments [78]. Furthermore, some bacteria acquire 

necessary metabolites and co-factors straight from the surfaces they adhere to. For example, 

Shewanella can grow on metal surfaces as well as utilise iron and magnesium as terminal 

electron acceptors in respiration [79]. Changes to bacterial and fungal phenotypes are observed 

when microorganisms attach and colonize surfaces. Studies have reported bacteria to display a 

decreased susceptibility to disinfectants [80] [81]. Additionally, increased exopolysaccharide 

production has been observed [82], which fundamentally creates a network which is referred to 

as a biofilm (Figure 3). 
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Figure 3: The formation of a biofilm, occurs when individual bacteria organize into a 

community that behave like a single organism. 

Biofilms are an environment suited for most microbial cells and comprise complex associations 

of cells, extracellular products and debris which become trapped within the biofilm [83]. With 

products regularly being released from lysed cells, the environment is always changing to suit 

the current microorganism inhabitants. When biofilms are formed there are many negative 

complications that arise in health care, including hospitals and childcare. Hospital wards are 

particularly prone to biofilm formation on medical equipment, vents and in-patient rooms which 

allow pathogens to remain as reservoirs that can rapidly spread to patients causing HAIs [80]. 

Furthermore, the bacteria growing on the surface of a biofilm are demonstrated to have more 

antibiotic resistance Genes (ARGs) and Virulence Factors (VFs) when compared to the same 

bacteria in a planktonic state [84]. VFs are molecules produced by microorganisms which 

enable and add to their effectiveness of causing disease [85]. Adhesins are bacterial proteins 

that enable microorganisms to bind to host eukaryotic cells. Pili and fimbriae are appendages 

used for adherence that have adhesin proteins on the very tip that are responsible for molecular 

interactions with the host surface. Invasins enable pathogens to penetrate eukaryotic cells and 

invade different areas of the body. Impedins act to inhibit the function of host defence 

mechanisms whilst acting in a symbiotic nature with the host to avoid damage to the cell. Some 

examples of impedins include antibody binding proteins (protein A or G) or antiphagocytic 

capsules. Aggresin molecules act to promote the spread of a pathogen and directly target the 

host with toxins and proteases (exotoxins and endotoxins). Exotoxin proteins are typically 
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secreted by Gram-positive bacteria but are also secreted by Gram-negative organisms. 

Endotoxin consists of the lipid A component of the lipopolysaccharide (LPS) of Gram-negative 

cells. Finally, modulins regulate host cell activity to promote pathogenic consequences (e.g. 

superantigens) [86]. VFs aid in bacterium colonization of host on the cellular level with the 

factors being membrane associated, secretory or cytosolic in nature [86]. Similarly, viral 

pathogens utilise adhesins to initiate the infection and antigenic variation to subsequently avoid 

the immune defences from the host [87]. Antigenic drift and antigenic shift have been utilised 

by Influenza viruses in the past to avoid recognition from the immune system. A systematic 

review published in 2006 reported different types of nosocomial pathogens present on 

inanimate surfaces and highlights clinically important microbes have survival persistence on 

fomites [88] (Table 2). Interestingly, microbes tend to have much more persistence to particular 

fomites than others. Rhino- and Influenza viruses can remain active on harder surfaces such as 

stainless steel, plastic and glass when compared to fabrics [103]. Additionally, the same study 

concluded that Variola virus can survive for up to 1 year and remain infectious on tissues and 

in dust. Comparatively, Influenza was reported to have a lower level of survival and only 

remains infectious for a few days. Concerning protozoal survival, there is currently a gap in the 

literature demonstrating the viability and survival length on inanimate surfaces. 

Table 2: Persistence of microorganisms on inanimate, animate, and dry surfaces.  

Source Duration Surface type Microorganism 

[89] 

[90]  

3-5 days Dry surface  Bordetella pertussis 
(bacteria)  

[91] 

[92]  

5 months Dry surface Clostridium difficile 
(bacteria) 

[90]  12 days Dry surface Haemophilus 
influenza (bacteria) 

[93] 

[90]  

>2 months Dry surface Mycobacterium bovis 
(bacteria) 

[90] 6 hours – 4 weeks Inanimate, animate and dry 

surface  

Salmonella typhi 
(bacteria) 

[94] 10 days – 4.2 years Inanimate, animate and dry 

surface 

Salmonella 
typhimurium 
(bacteria)  
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[95] 

[96] 

[97]  

7 days - 7 months Inanimate and dry surface Staphylococcus 
aureus, including 
MRSA (bacteria)  

[90]  1-20 days Inanimate surface Streptococcus 
pneumoniae  
(bacteria)  

[90]  3 days - 6.5 months Inanimate and dry surface Streptococcus 
pyogenes (bacteria) 

[98] 

[99] 

[95]  

  

5 days – 4 months Inanimate surface Enterococcus spp. 
Including VRE and 
VSE (bacteria) 

[100] 

[101] 

[90]  

1.5 hours – 6 

months 

Inanimate and dry surface Escherichia coli 
(bacteria) 

[90] 1 day – 4 months Inanimate and dry surface Mycobacterium 
tuberculosis 
(bacteria) 

[90] 15 days Inanimate, animate and dry 

surface 

Chlamydia psittaci 
(bacteria) 

[102] 14 days Inanimate, animate and dry 

surface 

Candida parapsilosis 
(fungi) 

[102]  1 – 120 days Inanimate, animate and dry 

surface 

Candida albicans 
(fungi) 

Note: MRSA: Methicillin-resistant Staphylococcus aureus; VRE: Vancomycin-resistant 

Enterococcus; VSE: Vancomycin-sensitive Enterococcus  
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1.5 Traditional Techniques to Identify Microorganisms 

 
Several laboratory-based techniques are available for the detection of microbes harboured on 

fomites facilitating the profiling of microbial diversity [104]. Table 3 outlines the advantages 

and disadvantages of common laboratory-based techniques for microorganism identification. 

 

Table 3: Advantages and disadvantages of traditional laboratory-based techniques for the 

identification of microorganisms. 

Technique Application Advantages Disadvantages 

Traditional 

cell-based 

culture 

 

Swab samples and 

culture on 

different kinds of 

growth media, 

Gram-staining, 

biochemical tests. 

- Inexpensive 

identification 

technique. 

- Quantitative and 

Qualitative data. 

- Growth of 

viable 

microorganisms. 

- Growth of pathogens is 

required and can be 

time consuming. 

- Broadly limits the 

ability to detect an 

array of 

microorganisms. 

- Growth media selects 

for particular 

organisms 

- Assumes 

microorganisms are in 

a growth phase (not 

always the case for 

some organisms). 

Immunological Enzyme-linked 

immunosorbent 

assay (ELISA) 

- Rapid and 

relatively low 

cost 

- High-through 

put capacity 

- Detection is limited for 

organisms of low 

abundance.  

Nucleic acid 

based 

Polymerase Chain 

Reaction (PCR 

- Rapid and 

relatively low 

cost 

- Unknown species 

cannot be identified 
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Traditional diagnostic techniques are based on culturable microorganisms growing under 

artificial conditions which provide reliable identification at a low cost. These techniques include 

culture on differential or selective media, accompanied by Gram-staining and biochemical tests. 

The main limitation of traditional diagnostic methods is the inability to define microorganisms 

that do not grow on artificial media [105]. Immunological methods of identification such as 

enzyme-linked immunosorbent assay (ELISA), provide identification and characterisation of 

unculturable pathogens in addition to focusing on genotypic characteristics as opposed to 

traditional techniques that rely on phenotypic characteristics for identification [106]. Nucleic 

acid-based technologies are centred on identifying genetic sequences from pathogens and 

include PCR, DNA/RNA microarrays, and hybridisations [107]. PCR requires specific primers 

with assumptions of potential pathogens to characterise microorganisms present in samples. 

(Multiplex, real 

time, competitive 

quantitative) 

- Quantitative and 

Qualitative data 

Sequencing - Provides highest 

amount of 

information 

with low chance 

of 

contamination  

- Reveals novel 

organisms  

- Detection is limited for 

organisms of low 

abundance 

- Expensive 

- Biomass and lab 

dependent, (low 

nucleic acid input 

library preparation kits 

overcome this 

limitation). 

Hybridisation 

(in situ, Southern/ 

Northern blot) 

- Rapid - Detection is limited for 

organisms of low 

abundance 

DNA/RNA-

Microarray 

- High-

throughput 

capacity 

- Detection is limited for 

organisms of low 

abundance 

- Unknown specimens 

cannot be identified  
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Nucleic acid-based technologies provide advanced identification of pathogens with the least 

bias when compared to both traditional and immunological identification techniques. The 

primary limitation of nucleic acid-based techniques is the uncertainty when distinguishing 

between infectious and non-infectious microorganisms. To confirm viability, isolation of 

microorganisms through culture-based approaches have been used following nucleic acid- 

based identification. Furthermore, these techniques lack sensitivity and specificity as unknown 

specimens cannot be identified without prior knowledge.  

A study published in 2011 investigated the differences between surface sampling methods in 

recovering viruses present on fomites [108]. The methodology was based on comparing plaque 

assay and on qPCR assessment. A viral experimental surrogate consisted of MS2 

bacteriophage, and results showed that nonporous fomites such as the polyester-tipped swabs, 

submerged in a saline solution, provided the highest yield of viral recovery with a median 

fraction for infective MS2 of 0.40 and 0.07 for MS2 RNA [108]. In 2011, a study attempted to 

determine microbial presence in the environment of health care facilities assessing possible 

prevention measures against transmission and infection [109]. Six different sampling methods 

were used to collect a wild strain of MRSA from two customary hospital environments. The 

samples were collected from a mattress and laboratory bench previously inoculated with 

MRSA. After 30 minutes post inoculation, data showed that the bacteria were able to be 

recovered with many different types of swabs including neutralizing buffer-based swabs, 

saline-moistened cotton swabs, macrofoam swabs or eSwabs. Qualitatively, both macrofoam 

swabs and eSwabs showed the most sensitive capabilities whereas cotton swabs were the least 

sensitive. Overall, the retrieval of the bacteria was confirmed to vary depending on the 

methodology and types of swabs used. Therefore, particular attention is necessary in choosing 

the optimal collection device and type of swab as this will be essential in first isolating microbes 

and enable their identifying with the adequate technique such as PCR.  

An interesting study which took place in a childcare facility explored the correlation between 

facility fomites and potential risk and mechanism of rotavirus transmission in a child day care 

facility [110]. To examine the presence of the virus in different loci of the facility, swabs were 

performed at different areas and genome extraction followed by PCR amplification was 

undertaken. Results and observations of viral presence were used to estimate the risk of viral 

transmission in these facilities. Two centres affected by a rotavirus outbreak were studied as 

previously mentioned. The results demonstrated that the rotavirus RNA was recovered in 8 of 
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39 swabs which correlated to the environmental surfaces screened. Overall, this result 

represents 21% of surface contamination used in the study. These results prompted the authors 

to highlight the need for monitoring and tracking environments using a PCR identification 

approach which may lead to optimal reduction of disease transmission in day care 

environments. The specificity and sensitivity of PCR remains till today the technique of choice 

and a simple procedure for tracking virus identification.  

A similar and recent study published in 2016 explored the presence of Influenza strains on a 

particular variety of surfaces and what could be the role or risk for fomites to be the source of 

transmission [111] [112]. The study used quantitative reverse transcription PCR (Q-RT-PCR) 

to detect five strains of Influenza (A/PR/8/34/H1N1, A/Cal/7/09/H1N1, A/Cal/4/09/H1N1, 

A/Sol/54/06/H1N1, and A/Bris/59/07/H1N1) on three different surfaces of cotton, stainless 

steel, and microfiber. The findings of the study revealed that viruses were recovered from such 

surfaces for up to two weeks and the presence of viruses were still detectable by PCR for greater 

than seven weeks. 

All these studies support the assertion that PCR is a simple molecular based technique, proven 

to be an effective and fast method for microbial identification. However, unless specific 

adaptations to specimen collection are made, these DNA-based tests don’t differentiate between 

live (infectious) and dead (non-infectious) organisms. Identification of live organisms is 

important to establish potential transmission to susceptible individuals, however just because 

at the time of sampling a piece of DNA may be from a non-living microorganism doesn’t 

necessarily mean it wasn’t living at a prior date on the surface and therefore potentially 

infectious. Furthermore, if the DNA detected on the device did not originate from a previously 

living microorganism, then a logical conclusion could be that some other entity (whether that 

be human or microorganism) did in fact transfer the DNA to the device.  

Identification of Bacteria 

Bacteria are typically identified through morphological and biochemical methods; however 

phenotypic identification can compromise accurate genotyping of species [113]. DNA 

sequencing provides accurate identification on the species level without requiring a viable host 

to define taxonomy. 16S rRNA is the most targeted gene for bacterial identification, which is 

comprised of a ∼1500 base pair gene which encodes for a portion of the 30S ribosome [114]. 

Interestingly partial 16S rRNA sequencing, which used only 500 base pairs, has been shown to 
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provide accurate and faster identification for both aerobic and anaerobic bacteria [115]. The 

main limitation concerning 16S sequencing is its inability to differentiate between all bacterial 

taxa such as Bacillus cereus and Bacillus anthracis which have identical 16S sequences. The 

primary differences are evident in whether virulence plasmids are present [113].   

Identification of Viruses  

Culturing a virus has always been more challenging than growing bacteria on culture. 

Traditional viral assays have included plaque assays where it can take between 3-14 days to 

achieve a positive result depending on the virus being detected [116]. Antibody assays that 

detect antibody responses have been a way of determining an acute infection with a virus where 

detecting IgM represents an acute infection and detecting IgG indicates that the patient has 

immunity to a virus [117]. The ability to identify viruses was improved when transmission 

electron microscopy allowed for the identification of common pathogens such as RSV and 

Rotavirus [118]. This capacity has been further enhanced by utilising PCR technology that 

allows for the amplification of viral RNA and DNA and the presence of viruses in certain 

secretions such as nasal pharyngeal aspirate in the context of concurrent respiratory infection 

has been accepted as sufficient evidence that an infection with that pathogen has occurred [119].  

Identification of Fungi 

Similarly, fungi require numerous biochemical tests and morphological identification to 

determine different strains, whilst gene sequencing identification can provide efficient 

diagnosis without requiring a viable organism. Numerous studies have confirmed that the yeast 

internal transcribed spacer regions (ITS1 and ITS2), located between conserved genes encoding 

for 18S, 5.8S, and 28S RNA, are optimum targets for DNA sequencing [113]. Identified fungi 

and moulds through sequencing of the ITS region include Aspergillus species; dematiaceous 

moulds, Zygomycetes, Trichosporon, Candida, Cryptococcus [120]. 

Identification of Protozoa 

Protozoa or protists have traditionally been analysed by microscopy, particularly through 

observation of their lifecycle, or by PCR. Recent techniques included shotgun sequencing using 

next generation sequencing [121]. 
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1.6 Metagenomic Approach to Microorganism Identification 

A community of microorganisms inhabiting a specific environment is referred to as the 

microbiota [110]. Metagenomics is the study of genetic material recovered directly from 

environment samples and allows for the comprehensive study of microbiome population 

structure and function [122]. Traditional techniques of identifying microorganism populations 

rely on isolation and culture-dependent techniques which have limited population studies as 

over 99% of natural microorganisms are unable to be isolated and cultured clonally [123]. This 

is particularly important for the identification of viruses that can contain both DNA and RNA. 

Next-generation sequencing (NGS) technology and bioinformatics analyses allow for a 

comprehensive unbiased identification strategy of identifying clinically important pathogens. 

Hundreds of known pathogens from databases can be filtered and simultaneously identified 

through NGS which would otherwise be excluded through conventional culture-based 

identification methods and PCR. NGS includes several approaches such as whole genome 

sequencing (WGS), whole exome sequencing (WES) and targeted sequencing. WGS can 

provide data on all the nucleotides present in the entire genome, whereas WES reports on 

specific exons or protein-coding regions of the genome. Whole metagenome sequencing 

(WMS) is a term that is regularly associated with the microbiome and whilst bacteria and 

viruses do not contain introns, other eukaryotic microorganisms do, more specifically fungi. 

Furthermore, a study by Stajich indicates the extensive capabilities of comparative genome 

analysis, by uncovering high density intron rich ancestors of fungi to the current low intron 

density fungi that is seen today [124].  

Targeted sequencing is a simpler approach of NGS that can identify predetermined disease-

associated genes of the genome [125]. Full resistome (collection of all ARG) and virulome 

(collection of all VFG) identification of entire microbial populations enables classification of 

antibiotic resistance and virulence determinants in different environments which is essential for 

molecular surveillance and infection control [126]. The relative abundance and characterisation 

of ARGs and VFG’s can be undertaken with the prospect of identifying all known stored 

sequences of microorganisms from databases. This enables documentation of all the genes 

present within a microbial sample and ultimately provides a comprehensive list of 

microorganisms that may have been viable at the time of sampling.  
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A 2006 study comparing the genomes of two different strains of Acinetobacter (AYE and SDF), 

used WGS and demonstrated that the virulent AYE strain contained a cluster of 45 resistance 

genes whereas the susceptible strain SDF did not contain any resistance markers [127]. This 

approach empowers gene discovery and to exemplify this same study, authors confirmed, by 

phylogenetic analyses, that the resistant genes in the AYE strain were recently acquired from 

bacteria of the genera Salmonella, Escherichia, or Pseudomonas. 

Shotgun metagenomic sequencing datasets resulting from the use of Illumina sequencing 

platforms are generated as raw data files called FASTQ files. The methodological approaches 

to analyse these datasets has evolved in time and include description through reads, assembly, 

or detection-based descriptions. The read-based description provides fundamental 

understanding of the questions raised to identify known organisms within a complex 

taxonomical composition within the sample but also to identify the presence of microorganisms, 

VFGs and ARGs. 

The limitations are therefore obvious as unknown sequences from several organisms, while 

present, will not identified simply because specific k-mer-based sub-sequences of a biological 

sequence are not available for new and evolving organisms and therefore cannot be matched to 

a known database. From conception, these databases present a limitation as there needs to be 

constant updates from year to year and month to month with newly sequenced microbial species 

added accordingly. Other limitations are apparent with the high costs associated with a study 

designed that contains a high sampling power for example a study with hundreds of samples. 

Finally, metagenomics cannot differentiate between viable, unviable cells derived DNA or 

extracellular/extra viral DNA. This limitation is important to address if the aim of the study is 

focused in such distinction. However, coupling traditional culture-based methods with new 

metagenomic techniques can ultimately overcome this simple limitation.  

Importantly, WGS metagenomics applied to microbial discovery and other microbiome studies 

have proved to deliver phenomenal applicable data thanks to the high-throughput depth of 

sequencing coverage. Coverage estimation is possible using the Lander/Waterman equation and 

relies in the haploid genome depth, the read length, and the number of reads. A technical note 

from Illumina, is available regarding sequencing coverage in these types of study [128].  
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1.7 Research Aim 

 

The overall aim of this research was to provide evidence for mobile devices/smartphones as 

potentially hazardous fomites harbouring a wide array of microorganisms and to provide 

solutions to sanitise mobile phones. To address this aim, we conducted the following studies: 

1.8 Research Questions and Objectives 

 
 

1.8.1 RESEARCH QUESTION 1 

What are the different groups of community and nosocomial pathogens causing disease?  

 

Objectives: Develop a detailed literature review focusing on various pathogens that are 

important in both the community and the healthcare setting.  

Project or Study 1: Community and nosocomial pathogens causing disease.  

 

1.8.2 RESEARCH QUESTION 2 

1. What are the studies that have previously explored contamination of mobile phones and 

from what country were they reported? 

2. What techniques have been previously used to identify microorganisms from mobile 

phones? 

3. What is the range of microorganisms that have been identified from mobile phones? 

4. Are there any differences between the microorganisms that have been identified from 

the community compared to the healthcare setting? 

 

Objectives: Conduct a comprehensive systematic search of literature from January 2005 to 

December 2019 to identify English language studies.   

Project or Study 2: Mobile Phones Represent a Pathway for Microbial Transmission: A 

Scoping Review. 

Publication: The review paper was published in Travel Medicine and Infectious Disease. 
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1.8.3 RESEARCH QUESTION 3 

Are mobile phones used by healthcare professionals contaminated with a wide range of viable 

microorganisms and will metagenomic sequencing enable a larger spectrum of detectable 

organisms? 

 

Objectives: 

1. To perform a cross-section microbial analysis of mobile phones of healthcare 

professionals working in 4 different wards in a general paediatric setting.  

Project or Study 5: Mobile Phones as a Possible Pathway for Pathogen Movement: A Cross-

Sectional, Microbial Analysis. 

Publication: This research paper was published in Travel Medicine and Infectious Disease. 

 

 

1.8.4 RESEARCH QUESTION 4 

1. What are the attitudes and opinions of healthcare workers towards mobile phone use in 

the clinical setting? 

2. What are the hygiene habits associated with healthcare workers and mobile phone use 

in the clinical setting? 

 

Objectives: Develop and conduct a survey questionnaire that explores the hygiene habits of 

healthcare workers in a paediatric healthcare setting.  

Project or Study 3: Mobile Phones of Paediatric Hospital Staff are Never Cleaned and 

Commonly used in Toilets: Implications for Healthcare Nosocomial Diseases.  

Publication: This research paper was published in Scientific Reports. 

 

 

1.8.5 RESEARCH QUESTION 5 

Are mobile phones that are commonly used in the community contaminated with a wide range 

of viable microorganisms and will metagenomic sequencing enable a larger spectrum of 

detectable organisms?  

 

Objectives: 

1. To perform a pilot metagenomic study to investigate the range of viable microbes 

present on mobile phones of university students.  
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2. To investigate the hygiene habits of university students and their mobile phones.  

Project or Study 4: A Pilot Metagenomic Study Reveals that Community Derived Mobile 

Phones are Reservoirs of Viable Pathogenic Microbes. 

Publication: This research paper was published in Scientific Reports.  

 

 

1.8.6 RESEARCH QUESTION 6 

Do mobile phones pose a greater public health and biosecurity risk due to their ubiquitous 

nature, the hygiene habits associated with device use and the large spectrum of microorganisms 

known to be present on mobile phones? 

 

Objectives: 

1. To perform a high throughput, direct swab-to-sequencing, metagenomic analysis of 

microbial contamination from mobile phones of healthcare workers in three different 

healthcare wards. 

2. To investigate the hygiene habits of healthcare workers and their mobile phones.  

Project or Study 6: High throughput metagenomic analysis exposes mobile phones as 

potentially hazardous microbial platforms warranting robust public health and biosecurity 

protocols. 

Publication: This research paper was submitted for publication in Scientific Reports (Pre-

Print).  

 

 

1.8.7 RESEARCH QUESTION 7 

Do commercial-grade and industrial-grade mobile phone sanitisers provide an adequate level 

of sanitisation as outlined in the user recommendations of each device?   

 

Objectives: 

1. To perform an assessment on the efficacy of commercial grade and industrial-grade UV-

C mobile phone sanitisers. 

Project or Study 7: Industrial Grade Ultraviolet-C Based Phone Sanitisers are an Efficient 

Microbial Germicidal.  

Publication: This research paper is pending publication. 
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1.9 Thesis outline 

 

 
Figure 4. Flow diagram of study design for all studies completed in this thesis.  

Figure 4 illustrates the work process completed for this PhD thesis. Initially a literature review 

was performed exploring pathogens responsible for HAIs, prior to the scoping review which 

investigated previous work on mobile phones as fomites. From these two bodies of work, clear 

gaps in the literature were recognised and 6 studies were constructed to address these 

limitations. Exploration of both viable and non-viable evidence of microbial contamination of 

mobile phone was performed, in addition to exploring the hygiene habits of individuals and 

their mobile phones. Next-generation sequencing methodology was performed in both 

healthcare and community environments and finally different sanitisation protocols with 

ultraviolet-based devices was performed to provide a solution to mobile phones as fomites.  
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Chapter 1 – General Introduction. 

The first chapter is a detailed introduction outlining the conceptualisation of mobile phones as 

hazardous fomites and the need for proper infection control of these devices. The original idea 

which set this PhD in motion was the very simple question of, could mobile phones be a source 

of pathogenic microorganisms and is that a potential risk for infection or the spread of infection? 

The ever-increasing rates of hospital-acquired and nosocomial infections has a massive 

economic and antimicrobial impact as the high rate of infections/nosocomial diseases drives 

extensive costs worldwide and enables microbes to further develop antimicrobial resistance. 

This chapter makes the argument that mobile phones are potentially major vectors contributing 

to both these problems of infection outbreaks and increase in antimicrobial resistance. The 

intrinsic nature of mobile phones allows for effective adhesion to the surface of the device by 

a variety of microorganism groups. Furthermore, there are a variety of tools which are used to 

identified microorganisms from environmental samples including metagenomic next-

generation sequencing. Finally, this chapter will help readers understand the importance of 

considering mobile phones as ‘Trojan Horses’ for microbial transmission.  

 

Chapter 2 – Community and nosocomial pathogens causing disease. 

The purpose of this chapter is to summarise details of the common pathogens that cause disease 

in our community and in our hospital settings. There are several pathogens which can cause 

infections in both settings. There are also particular groups of patients that have a higher 

vulnerability to infection such as neonatal, immune-compromised and patients in intensive care 

that require special detail. There is another group of pathogens which are particularly resistant 

to current antibiotics or are the result of patients being exposed to multiple courses of 

antibiotics. The range of pathogens is not exhaustive but includes the most common and 

important agents. This will in turn help emphasize the potential relevance of any pathogenic 

material that might be found on mobile phones that have been assessed in both the community 

and hospital settings. It will also help us raise questions about the impact these potential 

pathogens could be having in the ongoing challenge of trying to help our current antibiotics 

remain effective for as long as possible and not become obsolete through the ultimate problem 

of antibiotic-resistance. Under normal circumstances, presence of clinically important 

pathogenic microorganisms and infective agents rapidly become targeted in order to control 

infections due to their epidemiological importance. 
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Chapter 3 – Mobile Phones Represent a Pathway for Microbial Transmission: A Scoping 

Review.  

This chapter was aimed to explored and analyse all previous literature concerning 

microorganism identification from mobile phones. 56 studies from 24 different countries 

published between 2009-2019 from both healthcare and community populations were included 

in this investigation. From this study we calculated that on average 68% of mobile phones were 

contaminated with microorganisms and mobile phones sampled from healthcare populations 

contained higher amounts of antimicrobial resistances when compared to community 

populations. Almost all studies utilised a similar methodology of culture-based growth on agar 

plates followed by PCR. The main group of microorganisms identified were bacteria, however 

there were some fungi-based study and one study that solely reported on the presence of viruses. 

This chapter serves as a bridge into the experimental chapters by highlighting the different 

identification techniques and limitations of previous studies. 

 

Chapter 4 – Mobile Phones as a Possible Pathway for Pathogen Movement: A Cross-Sectional, 

Microbial Analysis. 

This study was developed to confirm the presence of viable microorganisms from mobile 

phones of healthcare workers from 4 different wards working in a paediatric healthcare setting. 

A total of 30 mobile phone swab samples were collected and cultured on agar plates, followed 

by identification of colonies through next-generation sequencing on an illumina-based 

platform. This study was the first major hospital investigation of mobile phones by our research 

team and the results confirmed an abundance of bacteria, fungi, bacteriophages, antibiotic 

resistant genes, and virulence factor genes.  

 

Chapter 5 – Mobile Phones of Paediatric Hospital Staff are Never Cleaned and Commonly 

used in Toilets with Implications for Healthcare Nosocomial Diseases.  

Following the identification of microorganisms from mobile phone swab samples, we felt it 

was important to document and report on the habits of healthcare workers and their use of 

mobile phones in the clinical setting. This chapter explored the opinions and mobile phone 

hygiene habits of 165 healthcare workers from 4 different wards working in a paediatric hospital 

setting. This study utilised a well-defined questionnaire constating of 14 questions and 8 sub-

questions to document healthcare staff without prior knowledge of this intervention. The results 

of this survey outlined that a large majority of healthcare workers are aware that their mobile 

phones have the potential to harbour pathogenic microorganisms, yet a small minority of staff 
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regularly clean their phones. Furthermore, a large majority of staff admitted that they regularly 

use their mobile phones in the bathroom/toilet which adds further risks of cross-contamination 

with faecal-based pathogens. This study confirmed that mobile phones are neglected platforms 

despite their role as potentially hazardous fomites.   

 

Chapter 6 – A Pilot Metagenomic Study Reveals that Community Derived Mobile Phones are 

Reservoirs of Viable Pathogenic Microbes. 

This study explores a trial metagenomic protocol of mobile phone swab samples taken from 

university students and assessed using a new mixed-methods protocol that involves culturing 

samples on agar plates followed by next-generation sequencing on an illumina-based platform. 

Like our previously processed swab samples from hospital staff, we opted to test the same 

methodology on mobile phones from a community setting and report a community-based pilot 

study. This study confirmed that it is not just phones used in the hospital that are contaminated 

but also devices used in the community highlighting results which are consistent with the thesis 

hypothesis. This was a small case series to demonstrate a “proof of the concept” that mobile 

phone screens contain an abundance of pathogens.  

 

Chapter 7 – Mobile Phones are Hazardous Microbial Platforms Warranting Robust Public 

Health and Biosecurity Protocols. 

Our previous studies demonstrated that mobile phones harbour viable pathogenic 

microorganisms and that these devices are generally neglected when considering hand hygiene 

and sanitisation despite potential cross-contamination between hands and phones. This study 

was established to understand the full extent of microbial contamination on mobile phones 

without the use of traditional culture-based microbial identification techniques. Through a 

direct swab-to-high throughput sequencing approach, previous limitations of 

selective/differential agar which promotes growth of specific microbial species is replaced to 

provide a true representation of the presence of microbes on each mobile phone. This study was 

the second major hospital investigation of mobile phones by our research team and the results 

confirmed the presence of bacteria, fungi, protists, viruses, bacteriophages, antibiotic resistant 

genes, virulence factor genes in addition to the attitudes and opinions of phone hygiene from 

participating healthcare workers.  
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Chapter 8 – A Comparison of The Efficacy Of Germicidal Ultraviolet-C Mobile Phone 

Sanitisers.   

Following on from our previous investigations of mobile phone contamination in both 

healthcare and community settings, this study focused on providing a solution to mobile phones 

as potentially hazardous fomites. For this study we decided to test and analyse the efficacy of 

two commercial-grade UV-C phone sanitisers and one industrial-grade model. Experimentation 

was performed with culture-based growth of mobile phone derived swab samples both pre-UV-

C and post UV-C exposure. Metagenomic next-generation sequencing was performed to 

determine microbial identification of colonies appearing post-UV-C exposure. For this 

experimental chapter we believed it was important to highlight the risks associated with 

commercial-grade mobile phone sanitisers and pose hypothesis concerning the resistance of 

spore-forming organisms following extended exposure to low-power UV-C. From our results 

both commercial-grade devices were not able to completely remove all microorganisms from 

the surface of the mobile phones with clear evidence of microbial growth following the 

recommended sanitisation times in the user’s manual for each device.  

 

 

Chapter 9 – Conclusions and implications 

This final chapter summaries all previous studies and outlines the key points and results to 

provide answers to the thesis questions. The strengths and limitations of each study are detailed 

to deliver a comprehensive breakdown of the work presented. Additionally, future 

investigations and potential solutions are discussed.  
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CHAPTER 2  

COMMUNITY AND NOSOCOMIAL PATHOGENS 

CAUSING DISEASE 
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2.1 Common Community-Acquired Pathogens 

Streptococcus pneumoniae are Gram-positive, highly invasive bacteria that are known to cause 

mucosal infections in the respiratory tract such as sinusitis (sinus infection), otitis media (ear 

infection), as well as more severe diseases such as meningitis, pneumonia, and sepsis [1]. S. 

pneumoniae is the most common cause of community-acquired pneumonia and carriage of 

pneumococci serves as a principal source for invasive pneumococcal infections via person-to-

person transmission. S. pneumoniae infections normally occur endogenously after colonization 

of the oropharynx and nasopharynx with inhalation of colonies result in lower airway infections.  

Drug-resistant S. pneumoniae (DRSP) has become more common over the past 2 decades 

with virulent strains emerging and include penicillin-resistant S. pneumoniae, which has 

become more common in HAIs [2]. The association between the emergence of pneumococcal 

resistance and community-wide use of antibiotics has been demonstrated for macrolides, 

fluoroquinolones, and β-lactams [3]. Antibiotic use has consistently been shown to be a risk 

factor for spread of DRSP at both the community and individual levels [4]. The mechanisms of 

resistance are intracellular and therefore the usual way of combating resistance using a 

cephalosporin or clavulanic acid has not proved effective and has often required the addition of 

Vancomycin to try and achieve some degree of infection control.  

Escherichia coli are highly versatile bacteria that can be non-pathogenic commensal 

inhabitants of the GI tract that form part of the human normal microbial flora as well as 

opportunistic intestinal pathogenic bacteria [5]. Other variants of E. coli that have been shown 

to cause infections outside of the GI tract are referred to as extraintestinal pathogenic E. coli 

(ExPEC). ExPEC includes a range of E. coli variants which include uropathogenic E. coli 

(UPEC), avian pathogenic E. coli and other isolates responsible for neonatal meningitis and 

septicaemia [6]. E. coli is a main cause of enteric infections, UTIs and systematic infections 

which include nosocomial pneumonia, infectious arthritis, osteomyelitis, peritonitis and 

bacteraemia [5].   

Klebsiella pneumoniae are encapsulated, Gram-negative bacteria that colonize human mucosal 

surfaces which typically begin in the oropharynx and gastrointestinal (GI) tract and can 

eventually propagate to other areas of the body and gain entry to tissues subsequently causing 

severe infections [7]. K. pneumoniae are known to cause UTIs, pneumonia, bacteraemia and 

liver abscesses. Infections are difficult to treat as most clinical isolates demonstrate resistance 
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to several antibiotics leading ultimately to treatment failure. Over the past few decades there 

have been increasing concerns regarding antimicrobial resistance with two major types of 

antibiotic resistance observed in K. pneumoniae. These include extended spectrum β-

lactamases (ESBLs) and carbapenemases. Expression of ESBLs has resulted in resistance to 

monobactams and cephalosporins and more worryingly expression of carbapenemases enables 

the bacteria to be resistant to most forms of available β-lactams [8].   

Influenza viruses are contagious respiratory viruses from the family Orthomyxoviridae, with 

Influenza A, B, and C viruses, representing the main three of the five genera [9]. The viral 

genome consists of eight segmented negative-sense single-strand RNA segments that code for 

ten to eleven proteins and demonstrates genetic variability resulting in annual infections that 

can spread rapidly amongst individuals [10]. Influenza has a high mutation rate due to antigenic 

drift which refers to the variation mechanisms utilised by viruses. This involves accumulating 

different mutations within specific genes that code for antibody-binding sites [11]. Furthermore, 

Influenza A can undergo genetic reassortment of viral chromosomes to create a potentially 

pandemic virus [12]. Influenza causes substantial morbidity and mortality damage annually in 

both pandemic and epidemic forms [13]. Circulating Influenza A and B strains are continuously 

changing their phenotypes due to antigenic modifications which operate at the genomic level. 

As a result of such changes, the host immunity is no longer able to react effectively in time and 

these viruses are therefore able to re-infect these hosts to result in a pathogenic presentation. 

Influenza is able to co-infect the same host and when two or more different strains of the virus 

enter the same host cell, they are able to create new virions with combined RNA segments from 

both strains. This phenomenon is referred to as “antigenic shift” and has resulted in the 

introduction of a new avian strain of the Influenza A subtype within the human population [13].   

Respiratory syncytial virus (RSV) causes respiratory and breathing infections that can express 

as flu-like symptoms. It can be severe, especially in infants and children with underlying 

neurological impediments such as cerebral palsy. RSV can spread from droplets when an 

infected individual sneezes or coughs which can also contaminate surfaces such as doorknobs 

and bench tops. RSV pathogenesis is a complex process that involves both viral and host 

determinants. A 2005 study demonstrates how RSV infects the ciliated epithelial cells in the 

airways and the subsequent immune response of RSV-induced chemokines and cytokines have 

direct effector functions on the impact of disease [14]. Severe RSV infections can occur in 

healthy term infants that are less than three months of age. The risk of requiring hospital ICU 
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admission for RSV is increased for those with congenital heart disease (CHD), chronic lung 

disease (CLD) and bronchopulmonary dysplasia (BPD) [15]. A 2010 study estimated the global 

incidence and mortality of RSV-associated acute lower respiratory infection (ALRI) in children 

under the age of 5 (Nair et al., 2010). The systematic search confirmed that in 2005, there was 

an estimated 33.8 (95% Cl 19.3-46.2) million new episodes of RSV-associated ALR and at least 

3.4 million episodes that necessitated hospital admission. RSV remains as one of the leading 

causes of community-acquired pneumonia.  

Human rhinovirus (HRV) is a single-stranded positive-sense RNA virus of the family 

Picornaviridae. HRV are often associated with upper respiratory tract infection, otitis media 

and sinusitis. Infection is particularly high in children, patients with asthma, elderly patients 

and immunosuppressed individuals. HRV spread primarily through aerosol (small or large 

particle), however transmission also occurs through direct person-to-person contact or 

interaction with a fomite [16]. After RSV, HRV is the second most frequent viral cause of 

community-acquired pneumonia [17].   

Human adenoviruses (HAdV) are members of the Adenoviridae family which include non-

enveloped deoxyribonucleic acid viruses rather than having an RNA genome. HAdVs are 

frequent causes of upper respiratory tract infections, fevers and in some cases, severe 

pneumonia. For some adenovirus serotypes, the clinical spectrum of disease associated with 

infection varies depending on the site of infection; for example, infection with adenovirus 7 

acquired by inhalation is associated with severe lower respiratory tract disease, whereas oral 

transmission of the virus typically causes no or mild disease [18].  

Varicella-zoster virus (VZV) infection can cause two distinct forms of diseases which include 

Herpes zoster (shingles) and varicella (chickenpox). Chickenpox infection is acquired through 

contact with an infected child or adult and is one of the most infectious diseases. Individuals 

who have not been vaccinated or have never had chicken pox are at the highest risk of infection. 

Furthermore, whilst varicella is generally a mild disease in children, it has been associated with 

high morbidity and mortality in pregnant women, neonates, adults, and immunocompromised 

patients [19].   

Norovirus is a highly infectious positive-sense single-stranded RNA virus of the family 

Caliciviridae. Disease can be much more severe in immunocompromised individuals, infants 

and elderly patients with outbreaks of norovirus seen frequently in semi-closed communities 
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such as day cars, hospitals, nursing homes, schools and cruise ships. Norovirus is known to 

cause gastroenteritis infections with associated vomiting and diarrhoea, account for 

approximately 95% of non-bacterial gastroenteritis outbreaks and 50% of all gastroenteritis 

outbreaks in the world [20]. Norovirus infection is acquired through person-to-person contact 

or interaction with contaminated surfaces, consumption of contaminated water or inhalation of 

aerosolised particles from an infected individual. It is estimated that 23 million norovirus 

infection cases occur per year in the USA, accounting for 50,000 hospitalizations and 300 

deaths [21].   

Rotavirus is a nonenveloped double-stranded RNA virus part of the Reoviridae family. 

Rotavirus infection is known to target the gastrointestinal tract causing disease in children aged 

under 5 years of age. Past statistics indicate that Rotavirus is responsible for approximately 111 

million cases of gastroenteritis in children which result in over 2 million hospitalizations and 

between 342,000-582,000 deaths per year [22]. Furthermore, continued research is highlighting 

the extraintestinal pathology of Rotavirus and how systematic infections, whilst were once 

observed to be rare instances, now occur more frequently. Infections are primarily spread 

through the faecal-oral route and are known to be prevalent in the clinical setting, leading to 

severe dehydrating gastroenteritis in young children (<5 years of age). Whilst vaccinations for 

Rotavirus have been available for a decade, the infection still causes a total of >200,000 deaths 

(130,000 deaths for those aged <5 years) annually in predominantly low-income countries and 

is a major contributor to HAIs [23]. Despite decreased efficacy of Rotavirus vaccines, data from 

Sub-Saharan Africa correlates vaccine use with decrease morbidity and reduction in Rotavirus-

related healthcare costs [24]. In Australia there is an estimated 10,000 hospitalisations that 

occur each year in children under the age of 5 as a result of Rotavirus infection [25]. 

Furthermore, the hospitalisation rate is 5 times higher for indigenous Australians when 

compared to non-indigenous children under one year [26].   

The aforementioned pathogens remain infectious wherever they are prevalent. Within the 

hospital setting where there are many infectious patients co-located, a basic requirement is to 

implement strict rules and protocols that aim to reduce the risk of these infections spreading to 

other patients, staff and community members.  
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2.2 Hospital-Acquired Pathogens 

Acinetobacter baumannii are Gram-negative opportunistic bacteria that have high incidence 

rates amongst prolonged hospital stay patients (>90 days) and immunocompromised 

individuals [27]. A. baumannii has been shown to colonize the skin and studies have shown to 

isolate colonies from oropharynx secretions and the respiratory tracts of infected individuals 

[28]. A. baumannii is a contributor to HAIs causing outbreaks of infection in healthcare settings 

including pneumonia, bacteraemia, UTI, meningitis and wound infections. Therapeutic options 

to treat patients are limited due to antimicrobial resistance especially from the carbapenem class 

of antimicrobial agents [29].   

Enterococci are Gram-positive bacteria part of the normal intestinal microbial flora [30]. There 

are 54 different Enterococci species with E. faecium and E. faecalis having the most clinical 

relevance and causing a variety of infections in hospital settings including UTIs, cellulitis, 

wound infections, intra-abdominal infections, and bacteraemia [31]. E. faecalis is known to be 

more pathogenic than E. faecium, however studies have confirmed that E. faecium exhibits 

greater resistance and subsequently contributes to the majority of Vancomycin-resistant 

infections [32]. Vancomycin-resistant Enterococcus (VRE) is a critical nosocomial pathogen 

responsible for causing up to 15% of HAIs in US hospitals between 2009-10 [33].   

Coagulase-negative staphylococci (CoNS) are Gram-positive aerobic organisms that 

represent a major cause of nosocomial infections affecting immunocompromised patients (e.g., 

bloodstream infections) including ICU based preterm newborns with septic shock and 

pneumonia [34]. S. epidermidis and S. haemolyticus are the most significant species whereas S. 

lugdunensis acts similar to S. aureus by causing infectious endocarditis and S. saprophyticus is 

associated with urethritis [35]. These agents have also been very common when patients have 

long term catheters and ports for venous access. Particularly children being treated with 

chemotherapy and with a permanent central line access.  

Legionella species are aerobic Gram-negative bacteria that encompass 60 species with 70 

identified serogroups and of which 30 are known to cause human disease [36]. Legionnaire’s 

disease is a severe respiratory illness with significant morbidity and mortality, especially in 

patients with chronic lung disease and immune suppression. Outbreaks of legionnaire’s disease 

in hospitals have been associated with infected air conditioning systems and aerosol producing 

devices [37]. Transmission is typically seen via aerosol inhalation or aspiration of contaminated 
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water [38]. Legionella pneumophila and Legionella longbeachae are the most notable species 

in Australia with Legionella pneumophila serogroup 1 known to cause the most outbreaks. 

Furthermore, chronic lung disease and immunosuppression, especially caused by organ 

transplantation or corticosteroid therapy, are the main risk factors for Legionellosis. 

Environmental factors can also contribute to the acquisition of Legionellosis with increased 

rainfall and high humidity contributing to transmission [36].   

Mycobacterium tuberculosis (TB) is a pathogenic bacterium from the Mycobacteriaceae 

family that is commonly known to cause chronic granulomatous disease. The infection is 

common in resource poor communities where there are high rates of malnutrition, 

overcrowding and limited access to health care. The infection causes granulomas that start 

initially in the lungs as the primary site of infection and further spread to secondary sites as the 

disease progresses [39]. A 2001 study outlined that 95% of TB cases occur in developing 

countries, with approximately 1 in 14 new cases occurring in individuals with HIV [40]. 

Individuals with medical conditions that weaken immune systems, particularly babies and 

young children, are at a greater risk of developing an infection. Other medical conditions that 

can weaken immune systems and act as risk factors include head and neck cancer patients, 

patients with diabetes mellitus, HIV infection, kidney disease, organ transplant patients, 

corticosteroid treatment and specialized treatment seen in Crohn’s disease or rheumatoid 

arthritis. Mycobacterium tuberculosis infection can occur in individual cases, as a community 

outbreak or even in rare nosocomial outbreaks. A 2018 study in the UK, outlined how countries 

with relatively low prevalence of TB still present a significant risk to healthcare workers [41].   
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2.3 Pathogens Affecting Immunocompromised Individuals 

Pseudomonas aeruginosa is a virulent Gram-negative species that is a common nosocomial 

pathogen. The mechanism of infectivity of P. aeruginosa includes bacterial adherence, 

colonization, invasion and dissemination. P. aeruginosa utilises transformation, conjugation 

and transduction as mechanisms of genetic transfer to acquire new genetic information to adapt 

to changing conditions. A study by Vasil outlined how P. aeruginosa infections involve 

numerous virulence factors and toxins which can contribute to several stages of pathogenesis 

[42]. The study outlined that surface characteristics help propagate disease include 

polysaccharide slime (alginate), lipopolysaccharides and surface pili. Furthermore, toxins 

including proteases, exotoxin A and phospholipase C (hemolysin) may also contribute to tissue 

damage and dissemination, as indicated by the aforementioned study.  

Transmission occurs through patient contact with contaminated surfaces, patient contact with 

healthcare workers and through ingestion of contaminated food or drinks. P. aeruginosa is a 

leading nosocomial pathogen and the most common cause of HAP, VAP and UTIs. Patients 

with Cystic Fibrosis (CF) and other causes of chronic suppurative lung disease are particularly 

vulnerable to Pseudomonas aeruginosa.  

Colonisation with Pseudomonas is a chronic infection that has been associated with a decline 

in lung function and difficult to treat with antibiotics [43]. These patients can be exposed to 

multiple courses of broad-spectrum antibiotics which can result in additional side effects such 

as antibiotic-associated diarrhoea and resistance [44]. A rise in antimicrobial resistance of this 

microbe has restricted treatment options for P. aeruginosa infections, which has become a 

fundamental issue in the USA responsible for a total of 51,000 HAIs per year [45]. P. 

aeruginosa infections count for approximately 10% of nosocomial infections in most European 

hospitals [46]. Furthermore, a 2019 study revealed that hypermutable P. aeruginosa strains are 

common among Australian patients with CF [47].   

Hepatitis refers to inflammation of the liver and is caused by viral infections that specifically 

target the liver. The three common types of Hepatitis are Hepatitis A, Hepatitis B and Hepatitis 

C [48]. Healthcare associated Hepatitis A (HAV) virus occurs infrequently and is generally 

spread by faecal-oral route transmission between healthcare personnel when a patient has 

diarrhoea with unsuspected hepatitis. HAV can also be transmitted through ineffective hand 

washing practices following the handling of patients infected with the virus [49]. Hepatitis B 
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(HBV) can cause long-term infection and cirrhosis or scarring of the liver, in addition to liver 

cancer and liver failure eventually leading to death. HBV vaccine is recommended for all 

infants at birth, children up to the age of 18 and adults who are living with diabetes. HBV is 

transmitted through direct contact of bodily fluids from an infected individual. Contaminated 

equipment such as needles, syringes and renal dialysis equipment are the primary mode of 

transmission of HBV in healthcare settings [50]. Hepatitis C (HCV) is similar to HBV causing 

lifelong infection and cirrhosis of the liver eventually leading to liver failure and death. The 

transmission of HCV occurs through direct contact with an infected individual’s blood. Whilst 

person-to-person transmission is rare in healthcare settings, blood transfusions through 

contaminated needles are the primary mode of transmission [50].   

Candida species are the most common invasive fungal infections in hospitalised patients and 

are the fourth leading cause of nosocomial BSIs among ICU patients in the US, being 

responsible for 8 to 15% of HAIs [51]. Most BSIs, as a result of Candida species, are caused 

by either Candida glabrata, Candida albicans, Candida parapsilosis or Candida tropicalis. 

The other remaining Candida species responsible for infection include Candida lusitaniae, 

Candida guilliermondii, Candida krusei or Candida rugosa [52]. Candida parapsilosis has also 

been identified as a leading cause of venous catheter-related fungal infections [53].  

Aspergillus species are prominent airborne fungal pathogens, particularly Aspergillus 

fumigatus, which passes through the nose and penetrates the paranasal sinuses to eventually 

invade into the lower respiratory system [54]. The most common Aspergillus species 

responsible for fungal infections include Aspergillus fumigatus, Aspergillus flavus, Aspergillus 

terreus, Aspergillus niger and Aspergillus versicolor. Fungal infections are identified most 

often in immunosuppressed patients such as transplant recipients and leukemic patients [55]. 

Outbreaks of invasive fungal diseases in Oncology and Transplant units may occur in settings 

where there is nearby construction and disruption of soil. Workers in these environments that 

utilise their mobile devices may have the potential to obtain invasive fungal species onto their 

devices.  
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2.4 Zoonotic Pathogens 

Zoonoses are infectious diseases that can be caused by bacteria, viruses, prions, mycobacteria 

and parasites that can be transmitted from animals to humans. A 2014 report outlined 615 

notifications of zoonoses in Australia which include: Anthrax, Leptospirosis, Q fever, 

Australian Bat Lyssavirus (ABLV) or lyssavirus (unspecified) infection, brucellosis and 

ornithosis. Furthermore, the report highlighted approximately 60-70% of emerging human 

infections are zoonoses [56].   

Table 1: Examples of zoonoses occurring in Australia. 

Organism Disease Animal Reservoir Transmission 
Bacteria 
Salmonella spp. Salmonellosis Poultry Ingestion of contaminated 

food or drink. Campylobacter Gastroenteritis Domestic livestock 
Brucella spp. Brucellosis Cattle Direct contact 
Leptospira Leptospirosis Wild animals 

(cats/dogs) 
Direct contact with urine. 

Coxiella 
burnetiid 

Q fever Cattle Direct contact 

Viruses 
Bat lyssavirus Rabies Flying fox Bite/scratch from flying 

fox.  
Influenza virus Influenza Ducks Direct contact 
Parapoxvirus Orf Sheep/goats Direct contact 
Fungi 
Malassezia 
pachydermatis 

Dermatitis Domesticated dogs Direct contact 

Trichophyton Ringworm Domestic animals Direction contact 

Microsporum 
Protozoa 
Toxoplasma 
gondii 

Toxoplasmosis Domesticated cats Ingestion of contaminated 
food/direct contact with 
faeces. 

Table 1 outlines some examples of common zoonoses that occur in Australia. Whilst instances 

of zoonotic HAIs are rare, they are still present and often overlooked. Individuals who have had 

contact with animals and acquire a zoonotic disease have the potential to spread the infection 

and cause serious complications in hospital-based settings. A 1998 report outlined an outbreak 

of Malassezia pachydermatis within an intensive care nursery affecting 15 infants [57]. The 

outbreak was believed to be transmitted via patient-to-patient transmission from health care 

workers’ hands originating from domesticated pet dogs. Similarly, in 2003, a patient was 
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admitted to a hospital in Mauritania who had contracted Crimean-Congo haemorrhagic fever 

originating from a goat [58]. The zoonotic disease spread throughout the hospital infecting 15 

individuals and killing five health-care workers. In 2005, the CDC received a report of 4 

patients infected with lymphocytic choriomeningitis virus (LCMV) following organ transplants 

from a common donor [59]. The report indicates that the source of infection originated from an 

infected hamster in the donor’s home. 

Middle East respiratory syndrome coronavirus (MERS-CoV) is a positive-sense, single- 

stranded RNA virus which was first identified in 2012 in a patient with severe acute respiratory 

disease [60]. MERS-CoV is a zoonotic virus, typically identified on infected dromedary camels, 

that can be transmitted between people and animals. Individuals infected with MERS-CoV 

develop severe respiratory illness including shortness of breath, high fever, and cough [61]. 

Transmission between person-to-person is rare, however healthcare-associated outbreaks have 

occurred in large scales as seen in the Republic of Korea, Saudi Arabia, and the United Arab 

Emirates [62]. The pathogenicity of MERS-CoV infection involves respiratory tissue damage 

and systematic virus dissemination as a result of overexpression of inflammatory 

cytokines/chemokines. Identification of MERS-CoV was achieved through a pancoronavirus 

reverse transcriptase polymerase chain reaction assay (RT PCR) [60]. Standard laboratory 

diagnosis of MERS-CoV utilise specific quantitative RT-PCRs (q-PCR), targeting the region 

of E protein gene and the open frame 1b. Whilst the prevalence of cases of pneumonia due to 

MERS-CoV is currently very low, this may increase in the future due to many Muslims in 

Australia who travel to Saudi Arabia to undertake the Umrah throughout the year and during 

Ramadan. 
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2.5 Common Multi-Resistant Pathogens 

Staphylococcus aureus is a Gram-positive bacterium that makes up part of the normal 

microbial flora of the skin [63]. Within healthcare settings S. aureus can be fatal with studies 

highlighting the bacteria as a primary cause of bacteraemia, pneumonia, sepsis, osteomyelitis, 

or endocarditis [64]. Excessive use of antibiotics has led to the rise of Methicillin-resistant 

Staphylococcus aureus (MRSA) that is difficult to treat. MRSA infections typically begin on 

the skin but can quickly spread through cuts and enter the blood stream and cause sepsis and 

pneumonia which generally occur because of SSIs [65]. MRSA can be transmitted through 

person-to-person contact and from contaminated surgical equipment with studies outlining 

proper hand washing procedures as the best preventative measure against infection.   

Clostridium difficile are Gram-positive bacteria able to survive in harsh conditions and 

environments such as ultraviolet light, high temperatures and antibiotics [66]. These 

characteristics may contribute to its survival in a hospital setting. C. difficile can remain in the 

GI tract and contribute to recurrent disease following treatment and cause additional healthcare 

costs which is estimated to cumulatively exceed $1 billion each year in the USA [67].   

It is concerning that some of the pathogens that were previously only exclusively seen in the 

in-patient setting affecting immune-compromised hosts are now being found in the community 

causing disease in non-immunocompromised hosts. An example of this is MRSA in the 

community or Vancomycin-resistant Pneumococcus.  

Fundamentally, Coagulase-negative Staphylococcus, Staphylococcus aureus, MRSA, 

Enterococcus spp., Acinetobacter spp., Pseudomonas aeruginosa and Escherichia coli persist 

in healthcare settings and present a major challenge for infection control. Young children in 

particular readily transmit and acquire nosocomial infections and the risk is heightened for those 

with compromised immune systems as well as for the staff with whom they are in close contact. 

Therefore, improving and implementing hygienic practices in hospitals is an ongoing challenge 

that needs to be addressed. Table 2 highlights the life span on inanimate surfaces and 

pathological features of commonly occurring microorganisms found within hospital settings. 

This emphasizes the ability of these microorganisms to remain active on inanimate surfaces for 

extended periods of time from 1 day to up to several months. Worryingly, MRSA can survive 

an extended period of up to 7 months.  
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Table 2: Lifespan on inanimate objects of commonly occurring microorganisms found within 

hospital settings.  
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In summary, with the abundance of MDR microorganisms found to cause HAIs, it is imperative 

to investigate other under-explored avenues of potential introduction; specifically, personal 

items of mobile devices/smartphones that are brought into healthcare settings that may be acting 

as ‘Trojan Horses’ and aid in transmission of infectious agents.  
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2.6 Emerging Pathogens 

 
Candida auris (C. auris) is an uncommon fungal species that grows as yeast. C. auris 

causes candidiasis and has been isolated from different body sites such as the 

gastrointestinal tract, respiratory tract, urogenital tract and on the skin [84]. Candidiasis is 

the primary infection, however C. auris has also been identified to propagate a range of 

invasive fungal infections that act like the family of Candida species. Furthermore, 

Candidiasis is seen to be acquired in hospital settings by individuals with deteriorated 

immune systems and the pathogen is seen to be frequently resistant to a multitude of 

antifungal agents that have previously been used to treat similar Candida infections. 

Transmission of C. auris is primarily achieved through patient-to-patient transmission and 

has recently made a huge impact internationally with HAI’s associated with the fungus 

appearing to emerge out of one regional epicentre and subsequently to other regions. Whole 

genome sequencing analysis of different C. auris isolates suggests independent clonal 

emergence which further emphasis’s the potential harm that this new invasive fungal 

species is capable of. 

Carbapenemase-Producing Enterobacterales (CPE) are bacteria that are part of the 

Enterobacteriaceae family. The Enterobacterales are gram-negative bacilli (like E. coli) 

that live natural within the GI tract, however given a chronic or underlying disease these 

bacteria can invade the blood stream or tissues and result in lung, blood, wound and UTI’s 

[85]. Transmission of CPE is achieved through direct or indirect contact by person-to-

person transmission. The severity of CPE infections is demonstrated by their ability to be 

resistant to carbapenem antibiotics as a result of their carbapenemase gene. This gene 

ultimately acts to produce carbapenease enzymes, thereby destroying carbapemes in a 

similar manner to β-lactam antibiotics (e.g. penicillin). 

Mycobacterium chimaera (M. chimaera) are non-tuberculous bacteria. These bacteria are 

commonly found in environmental areas such as soil and water. M. chimaera infections 

are rare, however there is evidence linking infection to heater/cooler units within cardiac 

surgery operating rooms [86]. The first examples of infection of cardiac surgery patients 

were observed by a particular heater-cooler unit which was manufactured by LivaNova 

(Sorin) in Switzerland [87]. It is critical to note that these units are widely used across 

Australia and over 100 patients worldwide that have been identified with M. chimaera 
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infections from cardiac surgery. This included six individuals in New South Wales in 2015. 

Furthermore, devices that act like these heater-cooler units may have the potential to 

transmit M. chimaera. 

 

SARS-CoV-2 is an enveloped β-coronavirus sharing similar a genetic sequence to SARS-CoV-

1 and bat coronavirus RaTG13 [88]. Worldwide, SARS-CoV-2 has infected over 400 million 

individuals of all age groups, resulting in 6 million deaths [89]. Specifically, there have been 

over 2.9 million cases of SARS-CoV-2 in Australia (February 2022) and 4664 deaths. 

Queensland has experienced 504,000 cases of COVID-19 and 387 deaths, New South Wales 

has suffered more than double the number of cases with an estimated total of 1.2 million cases 

resulting in 1743 Australian deaths [90] [91]. The virus is known to spread primarily via 

airborne and respiratory droplet transmission. Interestingly a 2020 study has revealed the 

survival time of SARS-CoV-2 to remain active on the surface of mobile phones for a much 

longer time of 28 days when compared to the previous estimates of 14 days [92]. The virus has 

a similar genetic structure to SARS-CoV-1; however, the surface proteins and viral load kinetics 

have been described as the main point of difference enabling a much higher rate of 

transmissibility for SARS-CoV-2 [93].   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

61



   

 

References 

 
[1] Henriques-Normark B, Tuomanen EI. The pneumococcus: epidemiology, 

microbiology, and pathogenesis. Cold Spring Harbor perspectives in medicine 2013 

Jul;3(7):a010215. 

[2] Greenberg D. Streptococcus pneumoniae. Journal of Microbiology, Immunology and 

Infection 2015;48(2):S16. 

[3] Nuermberger EL, Bishai WR. Antibiotic Resistance in Streptococcus pneumoniae: 

What Does the Future Hold? Clinical infectious diseases 2004 May;38(Supplement-

4):S363-S371. 

[4] Dowell SF, Schwartz B. Resistant pneumococci: protecting patients through judicious 

use of antibiotics. American family physician 1997 Apr;55(5):1647-1654. 

[5] Pitout JDD. Extraintestinal pathogenic Escherichia coli: a combination of virulence with 

antibiotic resistance. Frontiers in microbiology 2012;3:9. 

[6] Margarita Martinez-Medina, Azucena Mora, Miguel Blanco, Cecilia López, María Pilar 

Alonso, Stéphane Bonacorsi, et al. Similarity and Divergence among Adherent-Invasive 

Escherichia coli and Extraintestinal Pathogenic E. coli Strains. Journal of Clinical 

Microbiology 2009 Dec 1,;47(12):3968-3979. 

[7] Rock C, Thom KA, Masnick M, Johnson JK, Harris AD, Morgan DJ. Frequency of 

Klebsiella pneumoniae Carbapenemase (KPC)–Producing and Non-KPC-Producing 

Klebsiella Species Contamination of Healthcare Workers and the Environment. 

Infection control and hospital epidemiology 2014 Apr 1,;35(4):426-429. 

[8] Paczosa MK, Mecsas J. Klebsiella pneumoniae: Going on the offense with a strong 

defense. Microbiology and molecular biology reviews 2016 Sep;80(3):629-661. 

[9] Rabadan R, Robins H. Evolution of the Influenza A Virus: Some New Advances. 

Evolutionary Bioinformatics 2007 Jan;3:299-307. 

[10] Rabadan R, Levine Aj, Robins H. Comparison of Avian and Human Influenza A Viruses 

Reveals a Mutational Bias on the Viral Genomes. Journal of Virology 2006 

Dec;80(23):11887-11891. 

[11] Boni MF. Vaccination and antigenic drift in influenza. Vaccine 2008;26(Suppl 3):C8-

C14. 

[12] García-García J, Ramos C. Influenza, an existing public health problem. Salud pública 

de México 2006 May;48(3):244. 

62



   

 

[13] Rabadan R, Levine Aj, Robins H. Comparison of Avian and Human Influenza A Viruses 

Reveals a Mutational Bias on the Viral Genomes. Journal of Virology 2006 

Dec;80(23):11887-11891. 

[14] Peebles RS, Jr, Graham BS. Pathogenesis of Respiratory Syncytial Virus Infection in 

the Murine Model. Proceedings of the American Thoracic Society 2005 Aug ;2(2):110-

115. 

[15] Bont L, Checchia PA, Fauroux B, Figueras-Aloy J, Manzoni P, Paes B, et al. Defining 

the Epidemiology and Burden of Severe Respiratory Syncytial Virus Infection Among 

Infants and Children in Western Countries. Infectious diseases and therapy 2016 

Sep;5(3):271-298. 

[16] Jennings LC, Dick EC. Transmission and Control of Rhinovirus Colds. European 

journal of epidemiology 1987 Dec;3(4):327-335. 

[17] Esposito S, Daleno C, Prunotto G, Scala A, Tagliabue C, Borzani I, et al. Impact of viral 

infections in children with community‐acquired pneumonia: results of a study of 17 

respiratory viruses. Influenza and other respiratory viruses 2013 Jan;7(1):18-26. 

[18] Ghebremedhin B. Human adenovirus: Viral pathogen with increasing importance. 

European journal of microbiology & immunology 2014 Mar;4(1):26-33. 

[19] Weber DJ, Rutala WA, Hamilton H. Prevention and Control of Varicella-Zoster 

Infections in Healthcare Facilities. Infection control and hospital epidemiology 1996 

Oct;17(10):694-705. 

[20] Karst SM. Pathogenesis of Noroviruses, Emerging RNA Viruses. Viruses 2010 

Mar;2(3):748-781. 

[21] Mead PS, Slutsker L, Dietz V, McCaig LF, Bresee JS, Shapiro C, et al. Food-related 

illness and death in the United States. Emerging infectious diseases 1999 Sep;5(5):607-

625. 

[22] Ramig RF. Pathogenesis of intestinal and systemic rotavirus infection. Journal of 

virology 2004;78(19):10213-10220. 

[23] Crawford SE, Ramani S, Tate JE, Parashar UD, Svensson L, Hagbom M, et al. Rotavirus 

infection. Nature reviews. Disease primers 2017 Nov;3(1):17083. 

[24] Sindhu KN, Babji S, Ganesan S. Impact of rotavirus vaccines in low and middle-income 

countries. Current opinion in infectious diseases 2017 Oct;30(5):473-481. 

[25] Parashar UD, Bresee JS, Gentsch JR, Glass RI. Rotavirus. Emerging Infectious Diseases 

1998 Jan;4(4):561-570. 

63



   

 

[26] Parashar UD, Gibson CJ, Bresee JS, Glass RI. Rotavirus and severe childhood diarrhea. 

Emerging infectious diseases 2006 Feb;12(2):304-306. 

[27] Howard A, O'Donoghue M, Feeney A, Sleator RD. Acinetobacter baumannii. Virulence 

2012 May;3(3):243-250. 

[28] Asif M, Alvi IA, Rehman SU. Insight into Acinetobacter baumannii : pathogenesis, 

global resistance, mechanisms of resistance, treatment options, and alternative 

modalities. Infection and drug resistance 2018;11:1249-1260. 

[29] Eliopoulos GM, Maragakis LL, Perl TM. Acinetobacter baumannii: Epidemiology, 

Antimicrobial Resistance, and Treatment Options. Clinical Infectious Diseases 2008 

Apr;46(8):1254-1263. 

[30] Ike Y. Pathogenicity of Enterococci. Nihon saikingaku zasshi 2017;72(2):189-211. 

[31] O'Driscoll T, Crank CW. Vancomycin-resistant enterococcal infections: epidemiology, 

clinical manifestations, and optimal management. Infection and drug resistance 

2015;8:217-230. 

[32] Rubinstein E, Keynan Y. Vancomycin-Resistant Enterococci. Critical Care Clinics 

2013;29(4):841-852. 

[33] Sievert DM, Ricks P, Edwards JR, Schneider A, Patel J, Srinivasan A, et al. 

Antimicrobial-Resistant Pathogens Associated with Healthcare-Associated Infections: 

Summary of Data Reported to the National Healthcare Safety Network at the Centers 

for Disease Control and Prevention, 2009–2010. Infection Control and Hospital 

Epidemiology 2013 Jan;34(1):1-14. 

[34] Marchant EA, Boyce GK, Sadarangani M, Lavoie PM. Neonatal Sepsis due to 

Coagulase-Negative Staphylococci. Clinical & developmental immunology 2013 

May;2013:586076-10. 

[35] Becker K, Heilmann C, Peters G. Coagulase-Negative Staphylococci. Clinical 

microbiology reviews 2014 Oct;27(4):870-926. 

[36] Lam MC, Ang LW, Tan AL, James L, Goh KT. Epidemiology and Control of 

Legionellosis, Singapore. Emerging infectious diseases 2011 Jul;17(7):1209-1215. 

[37] Dondero TJ, Rendtorff RC, Mallison GF, Weeks RM, Levy JS, Wong EW, et al. An 

outbreak of Legionnaires' disease associated with a contaminated air-conditioning 

cooling tower. The New England Journal of Medicine 1980 Feb;302(7):365-370. 

[38] CDNA National Guidelines. Legionellosis. Communicable Diseases Network Australia 

2017 27 September;53(9-10):21. 

64



   

 

[39] Issar Smith. Mycobacterium tuberculosis Pathogenesis and Molecular Determinants of 

Virulence. Clinical Microbiology Reviews 2003 Jul;16(3):463-496. 

[40] Wani RLS. Tuberculosis 1. Epidemiology of mycobacterium tuberculosis. South Sudan 

Medical Journal 2016 Mar. 

[41] Holden KL, Bradley CW, Curran ET, Pollard C, Smith G, Holden E, et al. Unmasking 

leading to a healthcare worker Mycobacterium tuberculosis transmission. The Journal 

of hospital infection 2018 Dec;100(4):e226-e232. 

[42] Vasil ML. Pseudomonas aeruginosa: Biology, mechanisms of virulence, epidemiology. 

The Journal of pediatrics 1986;108(5):800-805. 

[43] Ren CL, Konstan MW, Yegin A, Rasouliyan L, Trzaskoma B, Morgan WJ, et al. 

Multiple antibiotic-resistant Pseudomonas aeruginosa and lung function decline in 

patients with cystic fibrosis. Journal of cystic fibrosis 2012;11(4):293-299. 

[44] AbdulWahab A, Zahraldin K, Sid Ahmed MA, Jarir SA, Muneer M, Mohamed SF, et 

al. The emergence of multidrug-resistant Pseudomonas aeruginosa in cystic fibrosis 

patients on inhaled antibiotics. Lung India 2017 Nov;34(6):527-531. 

[45] Bassetti M, Vena A, Croxatto A, Righi E, Guery B. How to manage Pseudomonas 

aeruginosa infections. Drugs in context 2018;7:1-18. 

[46] de Bentzmann S, Plésiat P. The Pseudomonas aeruginosa opportunistic pathogen and 

human infections. Environmental Microbiology 2011 Jul;13(7):1655-1665. 

[47] Rees VE, Deveson Lucas DS, López-Causapé C, Huang Y, Kotsimbos T, Bulitta JB, et 

al. Characterization of Hypermutator Pseudomonas aeruginosa Isolates from Patients 

with Cystic Fibrosis in Australia. Antimicrobial agents and chemotherapy 2019 

Apr;63(4). 

[48] Easterbrook P, Roberts T, Sands A, Peeling R. Diagnosis of viral hepatitis. Current 

opinion in HIV & AIDS 2017 May;12(3):302-314. 

[49] Koenig KL, Shastry S, Burns MJ. Hepatitis A virus: essential knowledge and a novel 

Identify-Isolate-Inform tool for frontline healthcare providers. The western journal of 

emergency medicine 2017 Oct;18(6):1000-1007. 

[50] Modi A, Liang T. Hepatitis C: a clinical review. Oral diseases 2008 Jan;14(1):10-14. 

[51] Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond MB. 

Nosocomial Bloodstream Infections in US Hospitals: Analysis of 24,179 Cases from a 

Prospective Nationwide Surveillance Study. Clinical Infectious Diseases 2004 

Aug;39(3):309-317. 

65



   

 

[52] Weinstein RA, Fridkin SK. The Changing Face of Fungal Infections in Health Care 

Settings. Clinical Infectious Diseases 2005 Nov 15,;41(10):1455-1460. 

[53] Colombo AL, Nucci M, Park BJ, Nouér SA, Arthington-Skaggs B, Matta DAd, et al. 

Epidemiology of Candidemia in Brazil: a Nationwide Sentinel Surveillance of 

Candidemia in Eleven Medical Centers. Journal of clinical microbiology ;44(8):2816-

2823. 

[54] de Pauw BE. What Are Fungal Infections? Mediterranean journal of hematology and 

infectious diseases 2011;3(1):e2011001. 

[55] Bodey G, Bueltmann B, Naoe S, Okudaira M, Scevola D, Van't Wout J, et al. Fungal 

infections in cancer patients: An international autopsy survey. European journal of 

clinical microbiology & infectious diseases 1992;11(2):99-109. 

[56] Australia's notifiable disease status, 2014: Annual report of the National Notifiable 

Diseases Surveillance System. Communicable diseases intelligence quarterly report 

2016 Mar;40(1):E48. 

[57] Chang HJ, Miller HL, Watkins N, Arduino MJ, Ashford DA, Midgley G, et al. An 

Epidemic of Malassezia pachydermatis in an Intensive Care Nursery Associated with 

Colonization of Health Care Workers' Pet Dogs. The New England Journal of Medicine 

1998 Mar;338(11):706-711. 

[58] Nabeth P, Cheikh DO, Lo B, Faye O, Vall IOM, Niang M, et al. Crimean-Congo 

Hemorrhagic Fever, Mauritania. Emerging infectious diseases 2004 Dec;10(12):2143-

2149. 

[59] Centers for Disease Control and Prevention, (CDC). Lymphocytic Choriomeningitis 

Virus Infection in Organ Transplant Recipients — Massachusetts, Rhode Island, 2005. 

MMWR. Morbidity and mortality weekly report 2005 Jun;54(21):537-539. 

[60] Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus ADME, Fouchier RAM. 

Isolation of a Novel Coronavirus from a Man with Pneumonia in Saudi Arabia. The 

New England journal of medicine 2012 Nov;367(19):1814-1820. 

[61] Amer H, Alqahtani AS, Alaklobi F, Altayeb J, Memish ZA. Healthcare worker exposure 

to Middle East respiratory syndrome coronavirus (MERS-CoV): Revision of screening 

strategies urgently needed. International journal of infectious diseases 2018 

Jun;71(C):113-116. 

[62] Mackay IM, Arden KE. MERS coronavirus: diagnostics, epidemiology and 

transmission. Virology journal 2015 Dec;12(1):222. 

66



   

 

[63] Myles I, Datta S. Staphylococcus aureus: an introduction. Semin Immunopathol 2012 

Mar;34(2):181-184. 

[64] Tong SYC, Davis JS, Eichenberger E, Holland TL, Fowler J, Vance G. Staphylococcus 

aureus infections: epidemiology, pathophysiology, clinical manifestations, and 

management. Clinical microbiology reviews 2015 Jul;28(3):603-661. 

[65] Hussain MS, Naqvi A, Sharaz M. Methicillin Resistant Staphylococcus Aureus 

(MRSA). The Professional Medical Journal 2019 Jan;26(1). 

[66] Johnson S, Adelmann A, Clabots CR, Peterson LR, Gerding DN. Recurrences of 

Clostridium difficile Diarrhea Not Caused by the Original Infecting Organism. The 

Journal of infectious diseases 1989 Feb;159(2):340-343. 

[67] Kyne L, Hamel MB, Polavaram R, Kelly CP. Health Care Costs and Mortality 

Associated with Nosocomial Diarrhea Due to Clostridium difficile. Clinical Infectious 

Diseases 2002 Feb;34(3):346-353. 

[68] George Peters, Romano Locci, Gerhard Pulverer. Adherence and Growth of Coagulase-

Negative Staphylococci on Surfaces of Intravenous Catheters. The Journal of Infectious 

Diseases 1982 Oct 1,;146(4):479-482. 

[69] Otto M. Staphylococcus aureus toxins. Current Opinion in Microbiology 2013;17:32-

37 

[70] Lowy FD. Staphylococcus Aureus Infections. Infectious Diseases: Macrophage 

Activation Syndrome to Zoonoses 1998:911-913. 

[71] Foster TJ, Höök M. Surface protein adhesins of Staphylococcus aureus. Trends in 

Microbiology 1998;6(12):484-488. 

[72] Menzies B. The role of fibronectin binding proteins in the pathogenesis of 

Staphylococcus aureus infections. Current opinion in infectious diseases 2003 

Jun;16(3):225-229. 

[73] Danielle A. Garsin, Kristi L. Frank, Jouko Silanpää, Frederick M. Ausubel, Axel 

Hartke, Nathan Shankar, et al. Pathogenesis and Models of Enterococcal Infection. 2014 

Feb 7,. 

[74] IKE Y. Pathogenicity of Enterococci. Nihon saikingaku zasshi 2017;72(2):189-211. 

[75] Al Atrouni A, Joly-Guillou M, Hamze M, Kempf M. Reservoirs of non-baumannii 

Acinetobacter species. Frontiers in microbiology 2016;7:49. 

[76] Mendez JA, Soares NC, Mateos J, Gayoso C, Rumbo C, Aranda J, et al. Extracellular 

Proteome of a Highly Invasive Multidrug-resistant Clinical Strain of Acinetobacter 

baumannii. Journal of proteome research 2012 Dec 7,;11(12):5678-5694. 

67



   

 

[77] Asif M, Alvi IA, Rehman SU. Insight into Acinetobacter baumannii: pathogenesis, 

global resistance, mechanisms of resistance, treatment options, and alternative 

modalities. Infection and drug resistance 2018;11:1249-1260. 

[78] Schweppe D, Harding C, Chavez J, Wu X, Ramage E, Singh P, et al. Host-Microbe 

Protein Interactions during Bacterial Infection. Chemistry & biology 2015 Nov 

19,;22(11):1521-1530. 

[79] Kim SW, Oh MH, Jun SH, Jeon H, Kim SI, Kim K, et al. Outer membrane Protein A 

plays a role in pathogenesis of Acinetobacter nosocomialis. Virulence 2016 May 

18,;7(4):413-426. 

[80] Lucena A, Dalla Costa LM, Nogueira KS, Matos AP, Gales AC, Paganini MC, et al. 

Nosocomial infections with metallo-beta-lactamase-producing Pseudomonas 

aeruginosa: molecular epidemiology, risk factors, clinical features and outcomes. The 

Journal of hospital infection 2014;87(4):234-240. 

[81] Roy K, Kansal R, Bartels SR, Hamilton DJ, Shaaban S, Fleckenstein JM. Adhesin 

Degradation Accelerates Delivery of Heat-labile Toxin by Enterotoxigenic Escherichia 

coli. The Journal of biological chemistry 2011 Aug 26,;286(34):29771-29779. 

 

[82] Mancini J, Weckselblatt B, Chung YK, Durante JC, Andelman S, Glaubman J, et al. 

Heat-Resistant Agglutinin Family Includes a Novel Adhesin from Enteroaggregative 

Escherichia coli Strain 60A. Journal of bacteriology ;193(18):4813-4820. 

[83] Nataro Jp, Deng Y, Maneval Dr, German Al, Martin Wc, Levine Mm. Aggregative 

adherence fimbriae I of enteroaggregative Escherichia coli mediate adherence to HEp-

2 cells and hemagglutination of human erythrocytes. Infection and Immunity 1992 Jun 

1,;60(6):2297-2304. 

[84] Forsberg K, Woodworth K, Walters M, Berkow EL, Jackson B, Chiller T, et al. Candida 

auris: The recent emergence of a multidrug-resistant fungal pathogen. Medical 

mycology (Oxford) 2019 Jan;57(1):1-12. 

[85] Touati A, Mairi A. Epidemiology of carbapenemase-producing Enterobacterales in the 

Middle East: a systematic review. Expert review of anti-infective therapy 2020 

Mar;18(3):241-250. 

[86] Miskoff JA, Chaudhri M. Mycobacterium Chimaera: A Rare Presentation. Curēus (Palo 

Alto, CA) 2018 Jun;10(6):e2750. 

[87] Ogunremi T, Taylor G, Johnston L, Amaratunga K, Muller M, Coady A, et al. 

Mycobacterium chimaera infections in post-operative patients exposed to heater-cooler 

68



   

 

devices: An overview. Canada communicable disease report 2017 May 4,;43(5):107-

113. 

[88] Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q. Structural basis for the recognition of 

SARS-CoV-2 by full-length human ACE2. Science (American Association for the 

Advancement of Science) 2020 Mar;367(6485):1444-1448. 

[89] Dong E, Du H, Gardner L. An interactive web-based dashboard to track COVID-19 in 

real time. The Lancet infectious diseases 2020 May;20(5):533-534. 

[90] Australian Government Department of Health. Coronavirus (COVID-19) current 

situation and case numbers. 2021; Available 

at: https://www.health.gov.au/news/health-alerts/novel-coronavirus-2019-ncov-health-

alert/coronavirus-covid-19-current-situation-and-case-numbers#covid19-summary-

statistics. Accessed 11 June 2021. 

[91] Riddell S, Goldie S, Hill A, Eagles D, Drew TW. The effect of temperature on 

persistence of SARS-CoV-2 on common surfaces. Virology journal 2020 Oct;17(1):1-

145. 

[92] Cevik M, Kuppalli K, Kindrachuk J, Peiris M. Virology, transmission, and pathogenesis 

of SARS-CoV-2. BMJ 2020 Oct;371:m3862. 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

69

https://www.health.gov.au/news/health-alerts/novel-coronavirus-2019-ncov-health-alert/coronavirus-covid-19-current-situation-and-case-numbers#covid19-summary-statistics
https://www.health.gov.au/news/health-alerts/novel-coronavirus-2019-ncov-health-alert/coronavirus-covid-19-current-situation-and-case-numbers#covid19-summary-statistics
https://www.health.gov.au/news/health-alerts/novel-coronavirus-2019-ncov-health-alert/coronavirus-covid-19-current-situation-and-case-numbers#covid19-summary-statistics


CHAPTER 3 

MOBILE PHONES REPRESENT A PATHWAY 

FOR MICROBIAL TRANSMISSION – A SCOPING 

REVIEW  

(STUDY 1) 

Olsen, M., Campos, M., Lohning, A., Jones, P., Legget, J., Bannach-Brown, A., McKirdy, S., 

Alghafri, R., & Tajouri, L. Mobile phones represent a pathway for microbial transmission: A 

scoping review. Travel Medicine and Infectious Disease 2020 May; 35: [101704]. 
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3.1 Summary 

 
As outlined in Chapter 1, existing studies have demonstrated the impact that hospital-acquired 

and community-acquired infections pose to the general population. Mobile phones are used 

regularly in high-risk hospital settings and have intrinsic features which allow for effective 

microorganism adherence to its surface. Furthermore, as these devices have become integrated 

into everyday life, mobile phones are often neglected platforms potentially contributing to the 

spread of nosocomial and community acquired infectious diseases. 

 

Therefore, to understand the scope of this issue, we performed a systematic search to identify 

past studies where mobile phones have been identified as contaminated platforms. To date, 

there have been limited reviews and studies outlining the complete microbiome of 

microorganisms present on mobile phones which has ultimately limited the identification of 

potential pathogens. Therefore, we aimed to assess the different types of (1) population groups, 

(2) number of mobile phones swabbed (3) number of phones with no growth (4) number of 

isolates (5) targeted or reported microorganisms (6) microbiology identification tools and (7) 

antibiotic sensitivity tests. This review provided a comprehensive, worldwide analysis of 

publications that explored the presence of microorganisms on mobile phones of the last 15 

years. The review identified a diverse range of bacterial species that are regularly isolated from 

mobile phones in both the healthcare and community settings, however the range of fungal and 

viral species are not as extensively reported. This is most likely due to these organisms not 

being targeted for identification as opposed to them not being present on the mobile phones.  

 

From our results we calculated the average contamination rate of mobile phones to be 68%. 

However, it is most likely that this is an underestimation due to the identification tools 

commonly relying on growth of organisms in media and the targeted microorganism 

identification methodology. When comparing the microbiome profiles between the healthcare 

and community settings, multi-drug resistant microorganisms appear more frequently in 

healthcare settings. This is clear in the case of MRSA which was detected in 51.1% of 

healthcare studies compared to 27.8% of community studies. Moreover, advanced identification 

tools and techniques are required to confirm the microbiome profiles of mobile phones in 

specific settings and prevent under-representation and bias from selectively targeting organisms 

of interest.  
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number of microorganisms present, (3) the size of the fomite, and ( 4) 

the rate at which they are touched by humans. 

Studies outlined that transmissibility of transient microbial flora de

pends on the specific species present as well as the number of micro

organisms on the surface [7,8]. A 2008 study investigating the hand-based 

microbiome of 51 healthy adult volunteers found that on average an in

dividual had more than 150 bacterial species, of which, 94% belonged to 

the Proteobacteria, Firmicutes and Actinobacteria phyla [9]. A study ex

ploring human hand bacterial and fungal microbiome diversity discovered 

Malassezia spp. and AspergiUus spp. as the most common and second most 

common fungal microorganisms, respectively [10]. 

A 2012 study demonstrated that the surface size of fomites and the 

contact frequency with them can impact transmission [11]. Zhao and his 

team used an Environmental Infection Transmission System (EITS) model to 

evaluate interactions of fomite characteristics in addition to human beha

viours that affect transmission routes. The study demonstrated that reg

ularly touched large surfaces, including public benches and tables, have the 

highest transmission potential. A 2019 systematic review demonstrated that 

all surfaces in an aircraft interior (tray tables, armrests, seat covers, door 

knobs and toilet flush buttons) served as fomites with all harbouring a 

spectrum of potentially hazardous microbial entities including viruses, 

posing concerns of biothreat risks for public health [12]. 

Additionally, infectious individuals who use their hands when 

covering a cough divert infective pathogens from the droplet route to 

the hand-fomite route, which has the potential to increase fomite 

transmission from highly touched devices [11]. Recently, the rapid 

spread of the SARS-CoV-2 coronavirus, responsible for COVID-19, has 

challenged the scientific community to identify the undetected path

ways. With the current pandemic and its links to modem transport (i.e. 

planes, cruise ships) there has been a lot of interest in mobile phones as 

one of the pathways by which SARS-CoV-2 can be transmitted. 

1.1. Mobile phones and smartphones in health care settings 

Contamination of surfaces and equipment are well-documented sources 

of nosocomial infections, where infected individuals interact with sur

rounding surfaces and 'high-touch surfaces' and facilitate the transmission of 

microbes to other patients and health care workers [13--16]. Some of the 

organisms identified in the studies mentioned include vancomycin-resistant 

enterococci (VRE), methicillin-resistant StXJphylococcus aureus (MRSA), 

Clostridiwn difficile ( C. diff), Pseudomonas aeruginosa, Acinetobacter bawnannii 

and KlebsieUa pnewnoniae. 

Not only are mobile phones pervasive in terms of personal use, they are 

now considered essential and integrated tools at workplaces including 

health care related professions. A 2013 study by Sondhi and Devgan ex

plored smartphone application in a paediatric ward. This study highlighted 

the effectiveness of smartphones with a wide range of applications including 

medical calculators (Qx, PICU calculator, Phototherapy calculator), drug 

information (Micromedex drug information, the Sanford guide to anti

microbial therapy), epidemiology (LearnStat) and medical news (MedPage). 

Additionally, the study indicates that such devices enable health care pro

viders to connect with clinical information at the point of care, which ul

timately provides patients with the best possible evidence-based practise. Of 

importance, the article suggests that mobile phone and smartphone use in 

the clinical setting can act as a source of distraction and potentially com

promise the aseptic environment [17]. 

Improving and implementing hygienic practices in hospitals is an 

ongoing challenge. It is surprising that to date no general national or 

international guidelines have been developed to best manage the risk 

posed specifically by mobile phones despite current research demon

strating their use by most clinical staff whilst on duty [17-19]. 

Mobiles phones have a high frequency of use, are often in contact with 

our hands and faces, and while in operation, can often heat up to tem

peratures that favour the survival and possibly growth of microorganisms. 

Combined with the fact that cleaning and disinfection of mobile phones is 

not a common practice with up to 72% of mobile phone users never 
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washing their devices (Tajouri et al. Unpublished data). It is likely that they 

constitute a suitable fomite, meaning an inanimate platform with microbial 

contamination. The frequent handling of billions of mobile phones world

wide, which are often microbially contaminated, provides the potential for 

them to act as 'Trojan Horses', a term first presented by Ref. [20] enabling 

disease infection transmission globally. 

This scoping review focuses on the available literature regarding 

microbial profiles of mobile phones in order to synthesise the knowl

edge on their contamination by a diverse range of microorganisms, and 

to determine whether the microbiome on mobile phones differs be

tween health care and community populations. 

2. Methods

This scoping review follows the guidelines of the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). 

This scoping review study was not registered. 

2.1. Search strategy 

We searched PubMed and Google Scholar for studies that identified 

and evaluated microorganism populations on mobile phones/smart

phones within the health care setting and the general community (non

health care setting). The PubMed database was chosen in order to select 

for biomedical journals and publications, whilst Google Scholar was 

chosen to identify free-text articles that would normally be unidentified 

from the PubMed search. Associated citations and references were 

manually investigated to identify additional studies of relevance. The 

last search for the review was performed on 12 December 2019. 

The following key words and terms were developed in MEDIJNE and 

adjusted for use in other databases: ("fomites"[MeSH] OR fomite* OR 

"Cross infection"[MeSH] OR nosocomial OR "Bacteria"[MeSH] OR 

"Bacterial Infections"[MeSH] OR "Fungi"[MeSH] OR "Fungal 

Infections"[MeSH] OR "Virus"[MeSH] OR "Viral Infections"[MeSH] OR 

"Microbial flora"[MeSH] OR microbiota* OR microbiology* AND 

("Equipment Contamination"[MeSH] OR "mobile phone" OR "mobile 

phones" OR "Cell Phones"[MeSH] OR "cellular phones" OR "cellular 

phone" OR "Personal Digital Assistant" OR "personal digital assistants" OR 

"Computers, Handheld"[MeSH] OR "smartphone" OR "smartphones") AND 

(physician OR physicians OR doctor OR doctors OR student OR students OR 

health personnel OR medical personnel OR dental personnel OR university 

OR college OR university college OR teaching institution OR community OR 

public). 

2.2. Study selection 

Studies were included if the research described tested samples on 

mobile phones, identified microorganisms present in each sample (in

cluding bacteria, fungi and viruses), was published in 2005 or later, and 

whether the study was available in English. Studies that reported mi

crobial populations collected from mobile phones in either hospital

based or community-based settings or both were included in the review. 

Studies that did not explore microbial populations on mobile phones 

but instead explored contamination rates of contaminated equipment, 

clothing, keyboards, computer mice, pens and other fomites were ex

cluded. Furthermore, studies that explored the effectiveness of disin

fection and decontamination practices with no mention of identification 

of microorganisms were also excluded. 

Following the database search, we uploaded the selected studies to 

RefWorks and removed any duplicates. The titles were first screened 

from each database, followed by the abstracts retrieved by one author 

(MO). The full text of the remaining articles was independently 

screened by two authors (MO and LT) to determine the final eligibility. 
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PRISMA 2009 Flow Diagram 
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- Disinfection-based studies with
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- On document was a review and
the original paper could not be 
accessed (n= I)

" 
::, 
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Studies included in qualitative 
synthesis 
(n =56) 

Fig. 1. PRISMA flow diagram of studies selected for full review. 

2.3. Data extraction and quality assessment 

One author (MO) extracted and compiled the data into a Microsoft Excel 

spreadsheet, and the data was independently put through quality assurance 

and quality checks by another two authors (MC and ABB). The compiled 

data included: author/year, country, target of the study, sample size 

(number of phones and/or swabs), setting (health care or community), 

microbial profiling techniques (spot test, biochemical tests, PCR, DNA se

quencing), specificity of microbial profiling techniques (low, medium, high, 

very high), total number of isolates detected, and number of isolates de

tected for each species or taxonomic unit. 
Some studies contained typographical errors in the background and 

discussion/conclusion sections. These studies were still included in the 

final review as there was no change to the data and figures presented. 

Two studies presented tables of results in which the values did not add 

up to the total. In these two cases, we included the studies considering 

the values presented for individual species as correct. 

2.4. Analyses 

We performed a qualitative analysis of the study characteristics and 

compiled the quantitative data for all studies included in this review to 

achieve a synthesis of the last 15 years of identification of microorganisms 

on mobile phones. Selected articles used in this systematic review were 

checked for their content by two additional co-authors (MC and AB) for 
quality control and quality assurance to prevent mistakes of information 

used in this review. Such quality assessment involved re-opening every 

publication and checking all input values listed in the review tables and so 

for every microbial species and asserting that results of each publication are 

complete. 

We did not undertake statistical testing of the values achieved, as 

aims and methodologies between them were extremely varied and in

consistent. Nonetheless, we believe the results can inform a general 

pattern in health care and community settings worldwide. 

3. Results 

3.1. Study selection 

Following the search, 3652 articles were retrieved from the literature, 

with 2684 articles from PubMed, 948 articles from Google Scholar and an 

additional 20 articles identified through a manual search. After duplicates 

were removed, the 3110 articles remaining were screened based on the 

inclusion criteria. Of these, 145 full-text articles were assessed for eligibility, 

of which 89 articles were excluded for not meeting the inclusion criteria. 

Finally, 56 articles met the criteria for full review and were included in the 

final analysis. Fig. 1 represents the PRISMA flow diagram outlining the 
selected studies that passed the criteria for full review. 
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3.2. Study characteristics 

The systematic search identified 56 studies that were published 

between 2006 and 2019. This review includes studies representing 24 

countries, with the most publications arising from India (19), followed 

by Egypt (5), and Nigeria (4). 

Table 1 provides a qualitative overview of the studies included here. 

Ten studies were comparative between two or more population groups; 

47 studies sampled the population of Heath Care Workers, and 18 

studies sampled the population in the general community. The termi

nology of target organisms in the studies was mixed. Some studies 

targeted identification of 'microorganisms' or 'pathogens' or 'microbial 

flora' but only reported bacteria. It is unknown whether an attempt was 

made to detect other types or organisms. All but two publications (54 

out of 56) targeted or reported on bacteria isolates; however, in mul

tiple cases, only 'clinically important' or 'pathogenic' bacteria were 

presented in the results. One article focused solely on Candida species, 5 

articles targeted fungi as well as bacteria, and another 10 articles re

ported on fungi despite targeting only bacteria. One article focused 

solely on viral RNA (Table 1). 

3. 3. Study design characteristics 

Fig. 2 outlines the different study design characteristics observed in 

all studies. 

Various microbiology identification tools were used across the stu

dies (Fig. 3). Basic microbiology identification tools including the spot 

test and biochemical test were used in 61 % of the studies (n = 34). 

Twenty studies used the same basic microbiology identification tools 

with the addition of more sophisticated tools: PCR (n = 1); API Iden

tification System (n = 6); VITEK 2 system (n = 6); bile esculin test, TSI 

and IMViC test, and oxidative-fermentation test (n = 1); API Identifi

cation System, RAPD-PCR, and 16S-rRNA sequencing (n = l); PCR of 

16S-rRNA gene (n = 1), schema of Cheesbrough and Cowan (n = 1); 

API Identification System, and 16S-rRNA sequencing (n = l); and 

whole-genome sequencing (n = 1). 

Three studies used identification tools that did not include the spot 

test and biochemical tests; VITEK 2 system (n = 1), RT-qPCR, KHRV 

kits, KHPNOV kits and MWS kits (n = 1), and Count-Tact plates, and 

Candida-Select (n = 1). 

A total of 37 studies performed antibiotic sensitivity tests; more 

commonly the Kirby-Bauer disk diffusion method. 

3. 4. Microorganism results 

When studies showed a comparison of community and health care 

settings, we split them into two rows, hence the jump to 65 population 

groups in Table 2. A larger proportion of studies in this review con

ducted sampling in health care settings, compared to community set

tings. The number of samples taken, isolates and other parameters are 

shown in Table 2. 

Statistical tests were not performed to compare the differences be

tween settings, because of the differences in aims, methodology, and 

results presented. It is, however, appropriate to compare the percentage 

of contaminated phones, which was 68% both in health care and 

community settings. 

Both for community and for health care settings, the microorgan

isms that were isolated with highest proportion, relative to swabs taken 

and methodologies utilized, were CoNS and Staphylococcus aureus. 

These two bacteria were also the most frequent relative to number of 

studies (Table 3). 

In the community, two other organisms were detected with a fre

quency greater than 5% (relative to swabs taken and methodologies 

utlised): Micrococcus sp. (148 isolates in 2815 swabs), and 

Staphylococcus epidermis (218/2815). Candida albicans (114 isolates, 

4.0%), and Candida glahrata (132 isolates, 4.7%), as well as other 

Travel Medicine and Infectious Disease 35 (2020) 101704 

Candida species and fungi in general were not the target, or even re

ported in most of the studies, and a large proportion of these results 

arises from a single publication [ 49]. It is, therefore, assumed that 

Candida species are likely to be more commonly detected on mobile 

phones than is reported here. 

In the health care setting, only one other taxonomic unit is present 

at a rate higher than 5% of isolates relative to swabs: or Methicillin

sensitive S. aureus (MSSA) (316 isolates from 5895 swabs). Antibiotic 

sensitivity and resistance were not tested in all publications, so it is 

assumed that this value is under-reported. 

In terms of prevalence in relation to studies, we have highlighted 

the species or taxonomic units that were present in more than a quarter 

of the studies from each population target (community and health 

care). Seven organisms appeared in more than a quarter of studies in 

both groups (Bacillus sp., CoNS, Escherichia coli, Klebsiella pnewnoniae, 

Pseudomonas aeruginosa, Staphylococcus aureus, and Methicillin-resistant 

S. aureus). An additional four organisms were found in more than a

quarter of studies in the health care setting only (Acinetobacter sp.,

Micrococcus sp., MSSA, and Pseudomonas sp.).

4. Discussion and conclusion

This review has provided a comprehensive, worldwide analysis of 

publications that explored the presence of microorganisms on mobile 

phones. The average contamination rate of mobile phones, as calculated 

here, is 68%. It is important to note that this is likely an under-re

presentation of the real values, as most studies reviewed here aimed to 

identify only bacteria, and because the identification methodologies 

used relied on growth of the organisms in media and their subsequent 

identification. The possibilities for under-representation are three: most 

studies target only one phylum of organisms; not all organisms can be 

cultivated; and the identification of microorganisms by traditional 

techniques is likely to be under-representative (for example, reaching 

only genus level of identification). We believe that with the advance of 

improved sequencing methodologies (such as next-generation sequen

cing), new studies can provide better insights into the identification of 

microorganisms present on mobile phones (manuscript in preparation). 

The results from this review indicate, nonetheless, that mobile 

phones from 24 different countries around the world harbour a diverse 

range of microorganisms, including several with antibiotic resistance. 

Considering these studies span back to 2006, it is surprising that 

minimal effort has been directed to developing guidelines to better 

manage the specific risk posed by mobile phones, in particular in health 

care settings. While sporadic health care standards for infection pre

vention and control in the use of mobile phones exist [76], to the best of 

our knowledge the great majority of hospitals and clinics across the 

world have non-existent or limited guidelines in place as well as limited 

training in decontaminating mobile phones. It is also important to note 

that patients coming in and out the health care settings also utilise their 

mobile phones and no guidelines are in place to address or prevent such 

impacts in hospitals infections. Hospital acquired microbes on patient's 

mobile phone could ultimately provide a pathway for infection spread 

to the wider community. 

It was not till the rapid spread of COVIDl 9 that the Centre for 

Disease Control and Prevention (CDC) introduced guidelines for 

cleaning and disinfecting fomites such as mobile phones (CDC Website). 

In the other hand, numerous past and new guidelines were detailing the 

core practises for hand-hygiene were published and implemented 

[77-79]. 

Further research concerning effective and efficient disinfection and 

sterilisation methods needs to be explored in order to prevent these 

devices acting as 'Trojan horses' (a term proposed by Goldblatt et al., 

2007 [20]) and bypassing hand-washing practises. 

Moreover, additional research to investigate the role of mobile 

phones as microbial 'Trojan Horses' should be commenced as numerous 

health care studies have identified multi-drug resistant microorganisms 
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when compared to community studies. Research investigating the 
presence and transmission of drug resistant microbes will provide in
sight into whether mobile devices enable and aid their development 
and spread. 

There is a diverse range of bacterial species that are frequently 
identified and isolated from mobile phones in both the health care and 
community settings. However, when compared to bacterial species, the 
range of fungi and viruses reported was not as extensive, which we 
believe is a consequence of researchers not looking for them, rather 
than them not being present. Of note, our research team has been in
vestigating the presence of viral genomes on the surface of mobile 
phones with findings including human and animal viruses (manuscript 
in preparation). 

When comparing the microbiome profiles between the community 
and health care settings, some microorganisms appeared more fre
quently in health care settings. One example is MRSA, which was 
present in almost double the proportion of studies in health care set
tings (detected in 51.1 % of studies), compared to community settings 
(27.8%). In health care settings, the presence of MRSA on the surface of 
phones is concerning as the nature of the microbes found on such fo
mites may have detrimental roles in nosocomial diseases and spread of 
undesirable micro-organisms to immune-compromised individuals. 
Additionally, it is important to highlight that such devices are rarely 
subject to decontamination while being commonly used in hospitals, 
clinics and other health care related settings. First line medical staff 
fighting actively working as part of the COVID-19 pandemic response 
have been routinely exposed and contaminated with SARS-CoV2 virus . 
COVID-19 pandemic images broadcasted worldwide through different 
forms of media have regularly shown examples of hospital staff with 
personal protective equipment holding and using their mobile phones 
(with and without) gloves on. It is our opinion and hypothesis, that 
mobile phones are most likely contributing to the spread of SARS-CoV2 
within different professional settings including hospitals and may play a 
significant role in viral propagation within the community. 

We restrained from making too many comparisons and any statis
tical analyses since aims and methodologies were very different be
tween studies, but we invite readers to look closely at the data provided 
as an appendix. 

Mobile phones are touched on average 3 h per day [80]. Further
more, a 2016 study [81] stated that users can touch their phones up to 
2617 times per day. 

This poses a health concern to the wider community as this review 
has shown that mobile phones are contaminated by a plethora of mi
croorganisms including bacteria and viruses. 

The authors, strongly suggest that national public health authorities 
actively advise worldwide governments and communities to implement 
measures for all users to disinfect mobile phones. The CDC has initiated 
this with a focus on COVIDl 9 bit it needs to be presented more broadly 
to cover any pathogenic organisms. This should be coupled with the 
global public health campaign promoting the benefits of hand washing 
which could be drastically suboptimal if we consider the regular in
teraction of washed hands with micro silly contaminated mobile 
phones. Mobile phones are potential 'Trojan horses' for microbes that 
each user accommodates, carries and potentially transfers to the com
munity and workplaces enabling contagion to occur. 

The 2019 SARS-CoV-2 outbreak responsible for COVID-19 epidemy 
has presented an unprecedented high velocity of virus spread. While the 
ss + RNA enveloped virus can be destroyed by hand washing with 
appropriate disinfectants, mobile phones once touched can re-con
taminate the user and pose a biothreat risk for infection spread globally. 
They can contribute to crossing all borders especially as they are om
nipresent in modern transport, and human-to-human social contact 
scenarios. Mobile phones can also contribute to the contamination and 
genesis of additional secondary fomites (door knobs, airport self-check 
in stations, bus polls, ATM monitors, lift buttons, etc ... Microbes can 
live on fomites from hours to days to weeks and then most likely 
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Fig. 2. Study design characteristic data plot against 

number of studies illustrating tool sensitivity, in

cubation temperature, swab type and setting. Four 

sampling techniques were used: sterile cotton swab 

moistened with sterile saline solution (n = 53 stu

dies), Count-Tact applicator (n = 1), direct phone 

contact to media (n = 1) and 480CE e-swabs 

(n = 1). In terms of the sensitivity tools used for 

microorganism identification, 61 % of the studies 

used low sensitivity identification tools (n = 34), 

27% used medium sensitivity (n = 15), 11 % used 

high sensitivity (n = 6) and one study used very high 

sensitivity identification tools (2%). 96% of studies 

used an incubation temperature of 37 "C (n = 52), 

two studies did not use incubation methods to cul

ture isolates obtained from swab samples of mobile 

phones. 

l<l>otifioaiiOII tools ....i...-.,. ... d.l,. 

40 

,, 
" 

,. 

125 
'll '°
ju 

10 

Fig. 3. Microbiology identification tools used to characterise microbes across all studies. 

contribute to microbial propagation and infections. 

Fundamentally, mobile phones harbour a diverse range of species of 

microorganisms including antibiotic-resistant organisms which pose a 

risk to human health, both in the health care system and the broader 

community. We believe that mobile phones are causing a large and 

largely unacknowledged impact in health care, community safety, with 

resulting unnecessary economic losses. 

4.1. Special author's recommendation of the current COVID-19 pandemic 

In view of the results synthesized and elicited by our review, we 

propose that mobile phones should be tested in order to identify and 
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Table 2 

Studies and subsets of studies, totalling 65 population samples, were split into health care setting and community setting for comparison of results. 

Population group datasets countries phones sampled swabs sampled' isolates taxonomic units~ Contaminated phones 
%)" 

total average median total average median total average median total average median 

Community 18 10 2670 148 117 2815 156 130 3817 212 106 73 8 7 68% 
Health care 47 19 5801 123 110 5895 125 120 5601 119 90 100 9 8 68% 

workers 

Complete dataset 65 24 8471 130 110 8710 134 120 9418 145 97 134 9 8 68% 

·one study swabbed more than once for each mobile phone [SO]. 

- These values should be considered indicative only dur to the lack of taxonomic refinement in some instances. 

• Calculation excludes one study from each population type that did not provide this value [SO]. 

Table 3 

Species and taxonomic units highlighted for being isolated at a rate equal or higher than 5% of swabs, and for being reported in 25% or more of the studies in that 

population group. Candida species are presented despite not reaching 5% due to their likely under-identification. 

Taxonomic unit Community Heath Care Workers 

no. isolates % no. studies % no. isolates % no. studies % 

Acinetobacter sp. 49 1.7% 3 
Bacillus sp. 99 3.5% 5 
CoNS 762 27.1% 11 
Escherichia coli 104 3.7% 10 
Klebsie!la pneumoniae 41 1.5% 5 
Micrococcus sp. 148 5.3% 4 
Pseudomonas aeruginosa 83 2.9% 6 
Pseudomonas sp. 4 0.1% 
Staphylococcus aureus 883 31.4% 13 
MSSA (Methicillin-sensitive S. aureus) 129 4.6% 4 
MRSA (Methicillin-resistant S. aureus) 31 1.1% 5 
Staphylococcus epidermidis 218 7.7% 4 
Candida albicans 114 4.0% 1 
Candida gabrata 132 4.7% 

validate if pathogenic microbes responsible for outbreaks, epidemics, 

and pandemics such as the current COVID-19 pandemic are present on 

those fomites. 

We hypothesise that the currently spreading novel coronavirus 

COVID-19 is present on mobile phones (and other devices and other 

fomites) owned by humans positive to the virus. Unlike hands, these 

devices are not regularly washed, and since they are neglected from a 

biosecurity perspective, they can act as Trojan horses and propagate 

undesirable invisible pathogens including viruses such as the flu and 

SARS-CoV-2. It is hoped that this paper will raise awareness to autho

rities and the scientific community alike to consider this hypothesis 

seriously, and to develop and implement protocols to assist in miti

gating the risk of spreading microbes, such as viruses, in both health

care, passenger air/sea travels, and the community at large. 

Our strong recommendation is that phones should be decontami

nated/disinfected daily, particularly in health care systems. The regular 

decontamination must be based around interventions that are proven 

efficient and gentle enough to not erode the phone screen's protective 

surface. Interestingly, the CDC has just recently published information 

regarding cleaning and disinfecting high touch surfaces (including 

mobile phones) at home when someone is sick. We salute this initial 

steps of public awareness of such fomites but as trojan horses con

taminated platforms, such awareness need to become a global decon

tamination campaign complementing handwashing. While the CDC 

advises at home sick individuals to follow manufacturer's instructions, 

they also advise, in case of no guidance, to use alcohol-based wipes 

containing at least 70% alcohol [82]. Of note, a certain amount of ultra

violet based technology devices are marketed but their affirmative ef

ficacy need to be tested regarding their microbicidal capacity. 

These decontamination operations must be implemented in the 

community, in key servicing industries, by food handlers and in

dividuals serving in buffets, kindergarten, age-cares, cruises, airline/ 

16.7% 142 2.4% 16 34.0% 
27.8% 295 5.0% 20 42.6% 
61.1% 1964 33.3% 31 66.0% 
55.6% 163 2.8% 26 55.3% 
27.8% 83 1.4% 12 25.5% 
22.2% 192 3.3% 13 27.7% 
33.3% 97 1.6% 13 27.7% 
5.6% 108 1.8% 13 27.7% 
72.2% 1111 18.8% 43 91.5% 
22.2% 316 5.4% 16 34.0% 
27.8% 219 3.7% 24 51.1% 
22.2% 195 3.3% 6 12.8% 
5.6% 
5.6% 

airport (biosecurity measures needed), hospitals, dentists and the 

overall community during an epidemic or pandemic like the current 

COVID-19 pandemic. 
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4.1 Summary 

Our previous study, (Study 1 – Mobile phones represent a pathway for microbial transmission 

– A scoping review) demonstrated that mobile phones are breeding grounds for microorganisms

and may be acting as ‘Trojan Horses’ for the spread of infectious diseases. Mobile phones used

in a clinical setting were determined to contain higher amounts of antimicrobial resistance and

pathogens when compared to mobile phones used in the community. Additionally, the

microbiology identification tools used to confirm the presence of organisms appears to be

limited the range of species and the taxonomic scope of identification.

Therefore, we planned to perform our own hospital-based cross-sectional study exploring the 

presence of microorganisms from mobile phones of healthcare workers from 3 different 

paediatric wards. For our methodology, we opted to use a mixed-methods procedure of 

traditional agar-based growth of swab samples, followed by complete metagenomic next-

generation sequencing. Additionally, we performed a survey which outlined the hygiene habits 

of participants associated with their mobile phone use in the clinical setting. In total, 30 swab 

samples and survey questionnaires were collected: five (5) from the neonatal intensive care 

unit, five (5) from the paediatric intensive care unit and twenty (20) from the paediatric 

emergency department. 

This study was the first of its kind to use complete metagenomic next-generation sequencing as 

a means of characterising the microbial community from mobile phones. Using this technology, 

we were able to detect the presence of viable bacteria and bacteriophages in addition to 

antibiotic resistance genes and virulence factor genes.  

When comparing the microbial profiles of mobile phones from each of the three wards, the 

neonatal intensive care unit contained higher amounts of pathogens and antimicrobial resistance 

compared to the other wards. Additionally, through the questionnaire survey, this study 

identified that most mobile phones from the sampled 30 healthcare workers use their devices in 

the bathroom and they do not regularly clean their phones. It is also important to note that the 

Neonatal Intensive Care Unit had a poster in front of the hand washing station to remind staff 

members to clean their phones, however only one of the five staff members did so with an 

alcohol-based wipe.  
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Fig. 1. Examples of agar plates for three phones from the Paediatric Emergency Department. Each row consists of five petri agar plates (Nutrient agar, MacConkey 

agar, Bile esculin agar, horse blood agar and Mannitol Salt agar) initially inoculated from a unique phone swab. 
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Fig. 2. Sequencing reads found in the sampled phones per ward. 

NICU=Neonatal Intensive Care Unit, PED=Paediatric Emergency Department, 

PICU=Paediatric Intensive Care Unit. No significant differences were observed 

(P = 0.149). 

People treated in hospitals are vulnerable to hospital-acquired in

fections (HAI), which pose a major health threat worldwide as a leading 

cause of morbidity and mortality. It was estimated that, from 2010 to 

2016, Australian hospitals had approximately 165,000 HAis per year 

[9], while US hospitals had 687,200 HAis in 2015 [10]. The costs 

associated with treating HAis, in 2009, were estimated at $AUD942 

million per year in Australia [11] and estimates for the United States 

ranged from $USD28 billion to $USD45 billion [12]. One of the main 

drivers for the high cost of HAis is the global increase in antimicrobial 

resistance observed in pathogenic bacteria [13]. It has been estimated 

that one-third of these infections could be prevented by adhering to 

standard infection control guidelines [14]. 

A recent systematic review [15] identified mobile phones as poten

tial 'Trojan horses', due to contamination with various microbes, 

including bacteria, fungi and viruses. It also found that the organisms 

detected on the phones of healthcare workers had higher prevalence of 

antimicrobial resistance than the control groups [15]. Multiple-drug 

resistant organisms (MROs) have also been found on other 

touchscreen devices outside of the hospital environment [16]. A study in 

India showed approximately 10% of isolates from automatic teller ma

chines had antibiotic resistance [17], and in Arizona, USA, MROs were 

found on touch screens of self-checkouts at the supermarket [16]. 

Additionally, a recent study of phones belonging to butchers, cooks, 

farmers, students, diary employees and health workers reported a high 

degree of microbial contamination [18]. It has also been suggested that 

food handlers using phones while working may lead to foodbome in

fections [18]. 

A recent study showed that 77.8% of swab samples taken from mo

bile phones of known positive COVID-19 individuals in 11 quarantine 

and biocontainment units were positive for SARS-CoV-2 RNA [19]. A 

second study in a COVID-19 isolation ward subdivided into three zones 

(contaminated, semi contaminated and clean) using disinfecting pro

cedures showed that in both the "clean 'and 'semi contaminated' zones 

physician's phones were positive for SARS-CoV-2 RNA [20]. 

The importance of mobile phones as fomites is threefold. Firstly, they 

are omnipresent in the community, with an estimated 5.16 billion mo

bile phone users globally in 2020 [21]. Secondly, mobile phones are 

objects in close contact with our hands and face with high touch fre

quency. A study in an office setting registered an average of 26.8 hand 

touches per hour on mobile phones [22]. Thirdly, multiple surveys have 

shown that phones are rarely or never cleaned [14,23,24], even though 

there is evidence that regular cleaning of mobile phones reduces the 

contamination rate in the short-term [14,25-27]. 

Despite a growing number of studies highlighting mobile phones as 

microbe contaminated platforms [15], particularly with MROs in 

healthcare settings [28], it is unlikely that the full understanding of the 

extent of contamination is known. Previous reported studies have uti

lised swab-culture-morphological and biochemical identification meth

odologies, which have presented two bottlenecks: (1) the culture media 
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does not allow for all organisms to grow; and (2) the identification of 
organisms is often limited in taxonomic resolution. A study comparing 
swab-culture morphological identification to culture-independent 
swab-PCR identification to the genus level highlighted that there are 
limitations with the first method [29]. However, questions remain over 
omitting the culture stage, as this step allows the researcher to confirm 
that the organisms detected were viable and thus potentially infectious 
[29]. Other studies have used instead whole genome sequencing of a few 

isolated agar based cultured bacteria identified initially by means of 16s 
RNA sequencing [30]. 

Much effort is undertaken by scientists and healthcare personnel to 
reduce community and HAis, and multiple calls have been made to 
develop standardised protocols for regular phone cleaning by healthcare 
staff and patients [28,31,32]. Unfortunately, to our knowledge, no 
protocols or functional pan-systemic implementation have been agreed 
upon or deployed nationally or internationally. Furthermore, such 
protocols are unlikely to be effective without strict attention to hand 
hygiene. 

The aim of this study was to characterise viable microbes on mobile 
phones from healthcare workers to the narrowest taxonomic unit 
through the swab-culture-next generation sequencing technique. The 
secondary aim was to look at the occurrence rate of virulence factor 
genes (VFGsJ and antimicrobial resistance genes (ARGs). 

2. Methods 

Mobile phone samples and associated user surveys were collected 
from staff members working in the Paediatric Emergency Department 

(PED), Neonatal Intensive Care unit (NICU) and Paediatric Intensive 
Care Unit (PICU) at the Gold Coast University Hospital, South East 
Queensland, Australia. 

Sampling was undertaken with phones swabbed from health care 

workers volunteering to this study performed on December 5, 2019. 
Staff were unaware that phone sampling would occur prior to the 
research team arriving at the ward. All clinical staff provided consent 
and completed an anonymous written survey about their mobile usage 
and habits. 

In all, 30 swab samples were taken, representing 30 mobile phones, 
and 30 surveys were completed: five (5) from NICU, five (5) from PICU 
and twenty (20) from PED. 

The surveys completed by healthcare staff comprised 14 questions 
and eight sub-questions (Appendix 1). Surveys were labelled to match 
the mobile phone swab label. 

2.1. Sampling 

Samples were taken with "Culture Swab EZ IITM" (Becton Dickinson) 
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Table 1 

Recognised human pathogen and commensal bacterial operational taxonomic units (OTUs) identified from 30 hospital staff mobile phones. Red highlight 

indicates 100% frequency of occurrence in that ward; orange 80-99%, and yellow 50-79%. Grey highlights ESKAPE' bacteria. NICU=Neonatal Intensive 

Care Unit; PED=Paediatric Emergency Department; PICU=Paediatric Intensive Care Unit (PICU). 

Species Gram Total (n=30) NICU (n=S) PED (n=20) PICU (n=S) 

Micrococcus luteus + 29 5 20 4 

Staphylacaccus aureus + 28 5 19 4 

Staphylococcus hominis + 28 5 19 4 

Staphylococcus epidermidis + 27 5 17 5 

Staphylococcus sapraphyticus + 23 5 16 2 

Staphylococcus capitis + 22 5 12 5 

Staphylococcus haemolyticus + 18 5 10 3 

Staphylococcus warneri + 18 4 10 4 

Bacillus cereus + 17 3 10 4 

Listeria monocvtoaenes + 14 1 11 2 

Bacillus subtilis + 10 8 2 

Staphylococcus cohnii + 6 3 3 

Staphylococcus pasteuri + 5 4 1 

Staphylococcus xylosus + 5 3 2 

Staphylococcus lugdunensis + 4 4 

Staphylococcus simulans + 4 2 2 

Staphylococcus caprae + 2 1 1 

Mycabacterium abscessus + 1 1 

Staphylococcus carnosus + 1 1 

Staphylococcus equorum + 1 1 

Streptococcus pneumaniae + 1 1 

Acinetobacter baumannii - 20 17 3 

Pseudamonas aeruginosa - 18 5 13 

Escherichia coli - 9 8 1 

Acinetobacter calcoaceticus - 7 6 1 

Acinetobacter calcoaceticus/baumannii complex - 7 7 

Stenotrophomonas maltophilia - 6 6 

Enterobacter asburiae - 5 5 

Enterabacter cloacae - 5 5 

Enterobacter cloacae complex - 5 5 

Enterobacter cloacae complex 'Hoffmann cluster IV' - 5 5 

Enterobacter u s - 5 5 

Klebsiella pneumoniae - 5 5 

Salmonella enterica - 5 5 

Klebsiella oxytoca - 4 4 

Pantoea septica - 4 4 

Acinetobacter ursingii - 3 3 

Citrabacter braakii - 3 3 

Citrobacter freundii - 3 3 

Enterabacter cloacae complex 'Hoffmann cluster Ill' - 3 3 

Enterabacter hormaechei - 3 3 

Enterobacter sp. BIDMC 27 - 3 3 

Enterobacteriaceae u s - 3 3 

Acinetobacter lwoffii - 2 2 

Acinetobacter radioresistens - 2 2 

Acinetobacter towneri - 2 2 

Acinetobacter idrijaensis - 1 1 

Acinetobacter nosocomialis - 1 1 

Acinetobacter pittii - 1 1 

Acinetobacter schindleri - 1 1 

Bordetella pertussis - 1 1 

Enterobacter sp. Agl - 1 1 

Enterabacter sp. MRl - 1 1 

Enterocaccus casseliflavus - 1 1 

Enterococcus gallinarum - 1 1 

Enteracaccus saccharolyticus - 1 1 

Enterocaccus sp. HSIEGl - 1 1 

Enteracaccus u s - 1 1 
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phone (n = 30, p = 0.1271). 

swabs. Gloves were worn when handling and swabbing the front and 

back of mobile phones and replaced after each swab sample to prevent 

cross-contamination. Following collection, the swabs were returned to 

the transport tube, sealed, labelled, and placed in a cooler box for 

transport to the laboratory. 

2.2. Culture plating 

The 30 individual phone swabs were removed from their transport 

tubes and placed each in a saline solution for 15-20 min. Each phone

derived swabbed solution was subsequently inoculated onto five 

different agar plates: Nutrient Agar; MacConkey Agar; Bile Esculin Agar; 

Horse Blood Agar; and Mannitol Salt Agar. Following incubation for 48 

h, all colonies grown from the same phone were pooled for DNA 

extraction. 

2.3. DNA extraction 

Agar plates were swabbed, and DNA was extracted with a pre

liminary step of bead beating using 0.1 mm diameter glass beads (Bio

Spec Products #11079101) on the Powerlyser 24 homogenizer (Mo-Bio 

#13155). The sample was transferred to a bead tube and 800 µl of Bead 

Solution (Qiagen #12855-100-BS) was added. The sample was bead

beaten for 5 min at 2000 RPM, then centrifuged for 1 min at 10,000 g. 

Then, 60 µl of solution Cl (cell lysis buffer) was added to the sample tube 

and vortexed to mix. The tubes were heated at 65 °C for 10 min while 

mixing at 1000 RPM. Sample tubes were then vortexed for 30 s before 

storing overnight at -20 °C. Sample tubes were thawed at room tem

perature; vortexed to mix and then centrifuged for 1 min at 10,000 g. 

The resulting lysate was transferred to a new collection tube. DNA 

extraction was as per DNeasy Powersoil Kit (Qiagen #12888-100) with 

a final elution volume of 50 µl (sterile elution buffer EDTA free). 

2.4. Metagenomic sequencing and bioinformatics analysis 

Sequencing of the samples was performed at the Australian Centre 

for Ecogenomics, University of Queensland. Library preparation of the 

microbial DNA sampled were undertaken using Nextera DNA Flex Li

brary Prep Kit (Illumina) and both quality controlled and quantified 

with subsequent normalisation. Multiplex pooling of library samples 

was undertaken prior to running in the NextSeq 500 sequencer (Illu

mina) on a 2 x 150 bp run with coverage of 1 Gbp per sample. Data 

output following the sequencing was produced as demultiplexed FASTQ 

files. 

Following the sequencing runs, data provided as demultiplexed 

F ASTQ files were uploaded into CosmosID (https://www.cosmosid.com 

/) software to identify bacteria, VFGs and ARGs. The CosmosID bioin

formatics software package utilises a high-performance data-mining K

mer based algorithm that disambiguates hundreds of millions of short 

reads of a metagenomic sample into the discrete microorganisms 

engendering the particular sequences. Similarly, the collection of VFGs 

and ARGs in the microbiome was also identified against curated VFGs 

and ARGs in the databases. The overall database is derived from curated 

GenBook® Databases comprising over 150,000 bacteria, viruses, fungi, 

and protists genomes and gene sequences from both private and public 

sources such as NCBI- RefSeq/WGS/SRA/nr, PATRIC, M5NR, IMG, ENA, 

DDBJ. Data were filtered using a multi-kingdom resolutive taxonomic 

identification analysis built into CosmosID. This filtering was based on 

internal statistical scores from CosmosID, which enabled listing of re

sults without further validation to determine their presence in the 

sample. Datasets were reported in two ways: (1) data were included as 

operational taxonomic units (OTUs) or gene Ids; and (2) selected 

medically relevant bacteria, bacteriophages, VFGs, and ARGs were re

ported in this study. 

2.5. Analyses 

OTUs and genes were not subject to quantitative testing. Sub

analysis included richness (total number of individual OTUs or genes), 

and cumulative hits (count of OTUs from all phones without removal of 

replicate OTUs; that is, if an OTU was found in 20 phones, it counts as 

one unit for richness and 20 cumulative hits). 

Data were analysed for bacterial OTU richness against the following 

demographics: ward, gender, clinical profession, age group, type of 

phones sampled (mobile with buttons, smartphone, hospital phone), 

time of last cleaning (never, this year, this month, this week, today), 

phone use in toilet, current illness symptoms, and type of phone cover 

(none, plastic, glass). Results are not normally distributed, and were 

presented as simple descriptive statistics (medians, minimum and 

maximum values) and when tested for significant differences, this was 

done through analysis of variance with calculated P values followed by a 

Tukey Honestly Significant Difference (HSD) test in the open-access 

software R (cran.org) using the 'agricolae' package. Boxplots were 

created in the same software with the 'lattice' package. When statistical 
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analyses were not possible due to limited sample size, qualitative 

interpretation of the answers was undertaken. 

2. 6. Ethics and funding

The Gold Coast Health (GC HREA 46569) and Bond University 

Human Research Ethics Committees (16,004) approved the study . 

Funding for the DNA sequencing and Laboratory Support was made 

available through Bond University. 

3. Results

All phones sampled (n = 30) were contaminated with bacteria and 

showed growth on agar plates (Fig. 1). The average total sequencing 

reads across all 30 sequenced samples was 7.477 million reads per 

phone, and the range was from 4.448 to 17.659 million reads (Fig. 2). 

3.1. Bacterial metagenomic sequencing 

A total of 399 bacterial OTUs were identified from the 30 phones, 

with 1432 cumulative hits. The bacteria richness had a median of 48.5 

per phone (range 21-101) and was significantly different between 

phones from NICU and PICU staff (Fig. 3A) . 

Among the 399 bacteria identified in this study, 58 recognised 

human pathogen and commensal bacterial OTUs were present and of 

these, 11 were isolated from more than half the mobile phones sampled 

(Table 1). Mobile phones had a median of 12 recognised human path

ogen and commensal bacteria each (ranging from 6 to 30). There was a 

weak correlation, not statistically significant, between all bacterial 

OTUs and clinically relevant OTUs found in each phone (R2 = 0.0397; p 

= 0.1271; Fig. 4). 

Of the 58 recognised human pathogen and commensal bacteria, 37 

were Gram-negative and 21 were Gram-positive (Table 1). One Gram

positive bacterial species from the PED was acid-fast. Gram-positive 

bacteria were evenly present across all three wards, with no observable 

differences between wards. Gram-negative bacteria were more frequent 

in mobile phones from staff in the PED. Of the 37 OTUs of Gram-negative 

recognised human pathogen and commensal bacteria identified, 33 (133 

cumulative hits) were detected from PED, whereas 2 (7 hits) were 

detected from NICU, and 6 (9 hits) were detected from PICU. 

Some colonisation patterns noted were: (1) all Enterobacter OTUs 

were found on five phones in PED; (2) Enterococcus OTUs were on two 

PED phones; (3) Pseudomonas aen.tginosa was not found in PICU while 

prevalent in the two other wards and on all phones tested in NICU; (4) 

three species of Acinetobacter (A. lwofii, A. idrijaensis, A. schindleri) were 

only found in PICU, all three on a single phone and A. lwofii on another 

phone; (5) A. towneri was only found on two phones in the NICU; (6) 

notably, NICU only had two Gram-negative species of bacteria detected, 

A. towneri and P. aen.tginosa.

Six coagulase-negative Staphylococci (CoNS) species were present on

18 of the 30 phones sampled (Table 1), and these were prevalent in all 

three wards: Staphylococcus hominis, S. epidermidis, S. saprophyticus, S. 

capitis, S. haemolyticus, and S. wameri. At least 80% of phones in each 

ward harboured at least three of these six CoNS species. In all, 24 CoNS 

OTUs were identified in this study with 213 cumulative hits. 

Escherichia coli was found on nine mobile phones; one from PICU and 

eight from PED. Other notable findings were Salmonella enterica (5 

phones from PED), which is transmitted mainly through faeces and 

contaminated water; Listeria monocytogenes (11 phones from PED, 2 

PICU, 1 NICU), which can be fatal for immunocompromised individuals, 

including pregnant women, elderly, and neonates; Bordetella pertussis (1 

PED phone) and B. bronchiseptica (2 PED and 2 PICU phones); and the 

emerging global pathogens Brevundimonas avenifonnis (2 PED, 5 NICU 

phones), B. diminuta (8 PED phones), and B. naejangsanensis (5 PED 

phones). Stenotrophomnas maltophilia, known to be associated with HAis 

and chronic pulmonary disorders, such as cystic fibrosis, was isolated 
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Table 3 

Number of Virulence Factor Genes (VFGs) and cumulative hits (Hits) associated with bacterial species or operational taxonomic units. 

Operating Taxonomic Units VFGs Hits Operating Taxonomic Units 

Staphylococcus aureus 173 633 Proteus mirabili, 

Enterobacter aerogenes 57 170 Salmonella Infanru 

Bacillus anthraci, 18 55 Enterococcus faecali, 

Bacillus cereus 18 42 Streptococcus pyogenes 

Klebsiella pnewnoniae 9 45 Enterococcus gallinarwn 

Pseudomona.s aeroginosa 8 30 Staphylococcus epidermidi, 

Staphylococcus lentus 7 66 Vibrio cholerae 

Escherichia coli 7 25 Bacillus subtili, 

Klebsiella oxytoca 5 20 Bacillus 85 
Enterococcus faecium 5 10 Pseudomonas putida 

Serratia marcescen.s 3 17 Bacillus 113 
Shigella fiexneri 3 12 Bacillus 94 
Salmonella typhimurium 3 8 Salmonella GENE 

Table 4 

Antibiotic Resistant Genes (ARGs) groups isolated, their richness and cumulative 

hits (Hits). 

Antibiotic 
Resistance 
Genes (ARGs) 

Richness Hits Antibiotic 

Beta-lactarn 34 

Aminoglycoside 26 
MOR-Efflux- 18 

pump, Efflux-
pump, MOR
Efflux-complex 

Macrolide 16 

Tetracycline 5 

Quinolone 5 

Trimethoprim 3 

Phenicol 3 
Sulphonamide 

sul 2 

Signal
transcuding
protein mecRl 

AR 269,551 2523 
Branch 

Regulator mgrA 
Repressor-of

transcription 
mecl 

Tunicamycin
resistance ttnrB 

Fosfomycin fosA 
2192 Branch 

MOR-transporter 
emrO 

107 

73 
97 

88 

20 

17 

22 

7 
12 

10 

9 

6 
6 

6 

4 

4 

Resistance Genes 
(ARGs) 

AR 272,645 2429 
Branch 
arlR 
Repressor-of-MepA 
mepR 

Response-regulator 
arlS 
Sensor-protein 
smeS 
AR 277,676 2398 
Branch 
bleomycin 
resistance protein 
BRP 
Fusidic acid fuse 
Integron-mediated
quinolone
resistance qnrVCl 
metallo-beta
lactamase bell 

mprF 

Responder smeR 
metallo-beta
lactamase be! 

Plasmid-or
transposon
encoded
chloramphenicol
exporter cmx 
Vancomycin 
vanXYC 

Richness Hits 

3 

3 
3 

3 

3 

2 

2 

2 
2 

2 

2 

2 
1 

1 

from six phones from the PED. Finally, Streptococcus pneumoniae, which 

is an upper airway commensal, but can cause otitis media and sinusitis, 

and more severe infections, such as community-acquired pneumonia 

and meningitis was found on one PICU phone. 

Various 'ESKAPE' pathogens (E. faecium, S. aureus, Klebsiella pneu

moniae, A. baumannii, P. aeruginosa, and Enterobacter spp.), commonly 

associated with increasing virulence and multi-antibiotic resistance, 

were found in this study (Table 2). Despite not detecting E. faecium, five 

other species of Enterococcus were identified. 

At least one bacterium from the ESKAPE group was found on all 

phones sampled (Table 2). Five phones from PED (n = 20) contained at 

least one OTU from each of the five ESKAPE bacteria. PICU phones (n = 

VFGs Hits Operating Taxonomic Units VFGs Hits 

2 18 Bacillus 65 1 3 
2 14 Bacillus 82 1 3 
2 9 Bacillus 88 1 2 
2 4 Bacillus 116 1 2 
2 2 Citrobacter freundii 1 2 
1 21 Enterococcus hirae 1 2 
1 8 Bacillus 76 1 1 
1 6 Bacillus 91 1 1 
1 5 Bacillus 104 1 1 
1 5 Bacillus 107 1 1 
1 4 Bacillus 110 1 1 
1 4 Bacillus 119 1 1 
1 4 Morganella morganii 1 1 

5) contained one or two ESKAPE bacteria (S. aureus and/or

A. baumannii). All NICU phones contained two ESKAPE bacteria

(S. aureus and P. aeruginosa). Detections of ESKAPE OTUs ranged from 2

to 16 for PED samples.

3.2. Virulence factor, antibiotic resistance genes and bacteriophage 

metagenomic sequencing 

3.2.1. Virulence factor genes 

The total number ofVFGs detected was 347, and the cumulative hits 

were 1258. Sampled phones had median richness of VFGs of 29 

(Fig. 3B), ranging from 11 to 169 per phone. 

The 23 most frequently occurring VFGs were found on at least 10 of 

the 30 mobile phones sampled. These were most commonly genes from 

S. aureus (15 genes, 282 cumulative hits), S. lentus ( 4 genes, 47 hits - all

within the PED), and S. epidermidis, Serratia marcescens, K. pneumoniae,

and P. aeruginosa (l gene each, with 21; 12; 12; and 10 hits respectively).

Alternatively, 237 VFGs were found on three or fewer mobile phones, of

which 98 were found on a single mobile phone sampled.

All VFGs were from 39 bacteria species or OTUs, S. aureus (173 VFGs, 

633 cumulative hits), E. aerogenes (57 VFGs, 170 hits), Bacillus anthracis 

(18 VFGs, 55 hits) and B. cereus (18 VFGs, 42 hits). All other OTUs had 

less than 10 VFGs detected (Table 3). 

3.2.2. Antibiotic resistance genes 

ARGs were detected on all phones sampled with median of 17.5 

ARGs per phone (range from 6 to 41) (Fig. 3C). There were 133 ARGs 

detected, with a cumulative total of 520 hits. The most common classes 

of ARGs encoded resistance to beta-lactam, aminoglycoside and mac

rolide antibiotics and upregulated efflux pumps (Table 4). There was a 

significant difference between number of ARGs per phone between 

NICU and the other two wards, whereas PICU and PED were not 

significantly different from each other (Fig. 3C). 

Overall, 155 bacteriophages or bacteriophage OTUs were detected in 

734 cumulative hits. The median bacteriophage richness per phone was 

21.0 (Fig. 3D). The number of bacteriophages isolated from phones 

ranged from 4 to 63. Only 16 bacteriophages were detected on 10 or 

more phones, whereas 84 were detected on three or fewer phones. 

Bacteriophages and viruses specific to Staphylococcus were the most 

common followed by Salmonella (Table 5). 

3.3. Clinical staff attributes 

The results from the questionnaire (Appendix 1) were summarised 

and compiled in Table 6. 

None of the 30 participating staff had travelled overseas in the 4 

weeks prior to sampling; no staff were taking antibiotics; all staff re

ported washing their hands with water and soap after using the toilet; 

and all staff believed their phones were contaminated. 

Despite all staff believing their phones were contaminated, only 10 of 
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Table 5 

Number of bacteriophages and cumulative hits {Hits) associated with genera of bacteria. 

Target genus Phages Hits Target genus 

Staphylococcus 55 383 Phietavirus 

Salmonella 15 59 Siphoviridae 

Bacillus 13 49 Enterobacterial 

Escherichia 13 45 Shigella 

Pseudomona.s 10 35 Myoviridae 

Enterobacteria 9 35 Hendrixvirus 

Stenotrophomona.s 6 18 Biseptimavirus 

Acinetobacter 3 36 Lambdavirus 

Propionibacteriwn 3 3 Triavirus 

Erwinia 2 5 Vibrio 

Cronobacter 2 5 Psychrobacter 

Rhizobiwn 2 2 

30 respondents indicated they had ever cleaned their phones. Five staff 

cleaned their phones with lint felt cloth and five with alcohol wipes. Of 

the five staff who disinfected their phones with alcohol wipes, one had 

done so that day, one within a week, two within a month and one within 

a year. The sample size of staff who cleaned their phone was deemed 

insufficient to analyse results between groups. 

When analysed as a whole, phones that had at some time been 

cleaned by any method did not show bacterial OTU richness difference 

from the group that had never cleaned their phones (Fig. 5). 

4. Discussion

Australia has limited surveillance and reporting of HAls, which are 

published on the MyHospitals website [33]. A HAI prevalence study was 

performed in 1984, with a second limited study in 2018, showing that on 

any given day, 10% of acute adult inpatients have at least one HAl. 

Understanding the role mobile phones might play in contributing to 

HAls would appear to be an important research question for our health 

system. HAis and antibiotic resistance disproportionally affect the most 

vulnerable in our community. This research has shown that high rates of 

viable pathogens and resistance genes can be present on mobile phones 

in clinical settings caring for these vulnerable patients. 

Strategies to reduce infection within healthcare settings, such as 

hand washing, were implemented in the 19th century based on the 

pioneering physician Ignaz Semmelweis who identified and then 

emphasised the importance of hand washing [34]. Indeed, hand hygiene 

has proven effective in slowing transmission of human pathogens for 

more than a century. The finding of a large number of potentially very 

serious pathogens on the surface of health care workers" mobile phones 

highlights the need for stricter hygiene requirements for clinical practice 

in hospitals and in the broader community today. 

This research has demonstrated that viable pathogenic bacteria are 

ubiquitous on health care workers' mobile phones within a hospital 

setting. Of the 399 viable bacterial OTUs detected, 58 were identified as 

human pathogens or commensals. The remaining 341 OTUs are still of 

interest as they demonstrate the microbial density contaminating mobile 

phones and the possibility for non-human pathogens to be present and 

represent the possibility that phones could act as a platform for micro

bial reproduction. These organisms may also act as reservoirs for VFGs 

and ARGs that can be transferred to human pathogens. 

Eleven of the human pathogen and commensal bacteria identified, 

S. aureus, S. hominis, S. epidennidis, S. saprophyticus, S. capitis, S. hae

molyticus, S. wameri, A. baumannii, Micrococcus luteus, B. cereus, and

P. aeruginosa, were found in high numbers on the sampled phones and

are recognised as causative agents for severe or life-threatening com

plications in immunocompromised people, in particular, intensive care

patients. Specifically, S. epidennidis, found on 17 of the 30 sampled

phones, has been recognised as the most common cause of late-onset

sepsis in neonatal intensive care units [35].

ESKAPE pathogens (E. faecium, S. aureus, K. pneumoniae, A. bau

mannii, P. aeruginosa and Enterobacter species) can be MROs and a 

Phages Hits Target genus Phages Hits 

9 Streptococcus 1 1 

8 Microbacteriwn 1 1 

5 Lederbergvirus 1 1 

5 Likavirus 1 1 

3 Pectobacterium 1 1 

3 Mycobacteriwn 1 1 

2 Stx2-converting 1 4 

2 Viruses 1 2 

2 Wbetavirus 1 2 

2 Pamx74virus 1 1 

2 uncultured 1 1 

leading cause of worldwide HAls [36]. An unexpected result from our 

research was detecting ESKAPE bacteria on all mobile phones sampled. 

Between one and 16 OTUs of ESKAPE bacteria were found on each 

sampled phone. Despite lacking direct evidence that these pathogens 

had been transferred from mobile phones to patients, they were all 

viable and should be considered a potential source of infection. 

Further to bacterial OTUs being present on the surface of phones, 

DNA evidence of a wide range of ARGs and bacteriophages was identi

fied following DNA sequencing. Previous studies confirm antibiotic 

resistant organisms on the surface of mobile phones belonging to hos

pital inpatients [37] and healthcare staff [38]. The latter study revealed 

mobile phones were enriched with the pathogens found on the fingers of 

hospital staff. Our team hypothesises that mobile phones harbouring a 

high density of microbes could facilitate horizontal gene transfer of 

ARGs between and within bacterial species leading to the generation 

and spread of antimicrobial resistant strains. This hypothesis is sup

ported by earlier research where viable pathogenic bacteria were found 

to persist for weeks on touch surfaces and plasma-mediated horizontal 

gene transfer of ARGs was observed [39]. 

Our study has shown that the most prevalent classes of ARGs found 

on the 30 sampled phones encoded resistance to beta-lactam, amino

glycoside and macrolide antibiotics, and efflux pumps. Given the pres

ence of a high number of ARGs and of ESKAPE bacteria on the surface of 

mobile phones, these fomites are considered a possible transmission 

pathway for pathogen movement within hospitals, in the community 

and globally. 

This study was not designed to prove if microbes on mobile phones 

cause HAls in patients. Nevertheless, HAls pose a major worldwide 

public health threat along with MROs as leading causes for morbidity 

and mortality. In developing and developed countries, 10% and 7% 

hospitalised individuals contract a HAl, respectively [l]. Antimicrobial 

resistance represents ongoing therapeutic challenges, and 

cross-infection by MROs in hospitals has led to uncertainty as to how 

these pathogens will be managed with limited treatment options 

remaining. The presence of viable antimicrobial resistant organisms on 

mobile phones in hospital settings could add substantially to the chal

lenge of managing infections by these agents. 

Employing a swab-culture-next generation sequencing method fol

lowed by OTU identification using gene libraries allowed us to identify a 

much larger number of species and OTUs than previous studies [15]. 

However, the results presented here are likely an underestimate of the 

total microbial burden on mobile phones. The methods used in this study 

were limited to five different types of agar, which differentially allowed 

species of microbes to be cultured. The results presented here are also 

limited to bacteria and bacteriophages. More inclusive results are logi

cally expected from a broader range of agar, which would enable culture 

of more species of bacteria, fungi and other organisms. A much longer 

list of results is also expected from direct swab-to-NGS; which is a 

methodology that enables the detection of microbes including animal 

and plant viruses and other micro-organisms that are not culturable, but 

has the drawback of detecting DNA and RNA material from both viable 
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Table 6 

Results from questionnaires split into variables and groups and tabulated against 
bacterial operational taxonomic unit (OTU) richness average, standard devia-
tion (SD), minimum (min), maximum (max) and total OTUs for each group. 
Results for each variable were submitted to an Honestly Significant Difference 
(HSD) test and found to be not statistically different in all cases except ward. 
PICU=Paediatric Intensive Care Unit; NICU=Neonatal Intensive Care Unit; 
PED= Paediatric Emergency Department. 

Variable and sample median minimum maximum OTUs 

groups size 

Total 30 48.5 21 101 399 

Ward sample median minimum maximum OTUs 

size 

PICU 5 29.0 25 35 88 

NICU 5 73.0 48 101 143 

PED 20 49.5 21 85 312 

Gender sample median minimum maximum 

size 

Female 19 50.0 24 101 

Male 7 58.0 25 72 

Undisclosed 4 41.5 21 49 

Age sample median minimum maximum 

size 

18-25 7 51.0 21 101 

26-55 17 38.0 24 85 

>55 6 61.5 25 76 

Profession sample median minimum maximum 

size 

Doctor 8 48.5 21 76 

Medical student 2 27.5 26 29 

Ward Nurse 19 50.0 24 101 

Ward pharmacist 1 35.0 n/a n/a 

Ever cleaned sample median minimum maximum 

phone? When? size 

No 20 49.5 21 85 

today 1 48.0 n/a n/a 
this week 4 43.5 29 76 

this month 3 35.0 26 73 

this year 2 63.0 25 101 

Type of phone sample median minimum maximum 

size 

Hospital 3 38.0 21 46 

Mobile phone small 2 60.5 48 73 

screen 

Smartphone large 25 50.0 24 101 

screen 

Use phone in sample median minimum maximum 

toilet? size 

No 6 34.0 24 51 

Yes 24 50.5 21 101 

Suffering from sample median minimum maximum 

infection? size 

No 24 50.0 21 101 

Yes, mild infection, 6 41.5 25 72 

no antibiotics 

Screen cover? sample median minimum maximum 

size 

No 12 43.0 26 101 

Yes 18 50.0 21 85 

Yes, glass (subset) 6 48.5 28 72 

Yes, plastic 11 51.0 21 85 

(subset) 
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and not viable organisms. 

Additional limitations are that the study involved only a small 

number of staff and their mobile phones from a single centre. Although 

the results may not be generalisable to other centres or populations, the 

staff came from three distinct services within a hospital setting. It is of 

interest that the service that interacts mostly with the community, the 

PED, had mobile phones with the greatest prevalence of environmental 

organisms, while the phones from staff attending the two intensive care 

units were populated more by human pathogens and commensals. 

Whether this represents more environmental cleaning and/or placement 

of phones in these settings was not explored in our study. Finally, as this 

study was conducted in a paediatric setting, mobile phones of patients 

were not tested, but this would be of an interest in adult wards. 

Mobile phones have become omnipresent in life, including in 

healthcare settings, and hygiene practices solely focused on hand

washing are likely insufficient if no action is taken to disinfect phones. It 

is logical to infer that cross-contamination between phones and hands 

would occur, since the average person uses their phones for 3.5 h each 

day [40]. 

This research identified that from a sample of 30 health care workers, 

the majority use their mobile phones in bathrooms, and despite washing 

their hands with water and soap they do not regularly, if ever, clean their 

phones. The Neonatal Intensive Care Unit had a poster (Fig. 6) over the 

entry handwash station requesting phones to be wiped, and yet, through 

the questionnaire, it was found only one of the NICU staff phones was 

cleaned with alcohol wipes (the remaining 4 had been cleaned with lint 

felt cloth). No similar signs were present in the other two wards sampled 

in this study. 

While medical practitioners need to be more conscious of effective 

mobile phone disinfection, it is also important that the general com

munity and in particular those that undertake self-medication, such as 

catherization, understand the importance of cleaning mobiles phones 

and other touch screen devices. New materials such as copper coated 

phone cases or plastic films that prevent microorganism adhesion need 

to be explored as future infection control mechanisms. Simultaneously 

(and in particular, until better technologies are available and imple

mented), phone decontamination should be promoted to all users. We 

also hypothesise that the microbial pathogens healthcare workers are 

exposed to in their professional setting may be introduced into the 

community via the mobile phone pathway. This hypothesis needs 

further research and should be considered a priority in light of the 

current global pandemic. 

Finally, the efficacy of decontamination procedures for mobile 

phones and other touchscreen devices should be elucidated, taking into 

account different materials and procedures (such as Ultraviolet radia

tion); and a systematic and widespread disinfection protocol in medical 

settings to prevent cross-contamination between phones and hands 

should be developed and implemented on a large scale. Additionally, 

and until further research is conducted confirming whether mobile 

phones are important fomites in transmitting infections in healthcare 

and community settings, we suggest that as an extra simple intervention 

mobile phones are added to the 'five moments of hand hygiene'. 

In conclusion, we provide further evidence that pathogens and mi

crobes in general are present in commonly used mobile phones and 

smartphone devices. From patients, food handlers, healthcare staff, 

travellers (planes, boat cruises) to conferences attendees of national and 

international seminars), highly touched devices like mobile phones are 

constantly enriched by microbiota and pathogenic microbes. However, 

mobile phones are poorly known as contaminated platforms and often 

ignored for their mean of potential microbial transmission; Mobile 

phones are ''Trojan horses" [15] and the challenge in preventing disease 
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Fig. 5. Bacterial operational taxonomic unit (OTU) richness against frequency in which hospital staff reported cleaning their phones. Half of the respondents who 

cleaned their phones did so with a lint felt cloth and half with alcohol wipes. 

Fig. 6. Poster found by the sinks at the staff entrance of the Neonatal Intensive Care Unit (NICU) ward on the day of sampling. 
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spread resides in recognising fomites in general are possibly contributors 

to outbreaks and epidemics. As an example, RNA of SARS-Cov-2 virus 

responsible for COVID-19 has been found on mobile phones [20]. 
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CHAPTER 5  

MOBILE PHONES OF PAEDIATRIC HOSPITAL 

STAFF ARE NEVER CLEANED AND 

COMMONLY USED IN TOILETS WITH 

IMPLICATIONS FOR HEALTHCARE 

NOSOCOMIAL DISEASES  

(STUDY 3) 
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phones of paediatric hospital staff are never cleaned and commonly used in toilets with 

implications for healthcare nosocomial diseases. Scientific Reports 2021 Jun; 11: [12999]. 
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5.1 Summary 

 
Our second study, (Study 2 – The role of mobile phones as a possible pathway for pathogen 

movement) demonstrated the range of microorganisms present on mobile phones of healthcare 

workers. With the increased taxonomic scope of organisms identified, it became clear that many 

faecal-based pathogens are present on mobile phones. Furthermore, Study 2 provided some 

insight into the hygiene habits associated with mobile phone use in the professional setting. 

 

In this study, we aimed to increase the survey questionnaire sample size to gather further 

information concerning the hygiene habits of healthcare professionals and their use of mobile 

phones in the professional setting. In total, we interviewed and collected completed surveys 

from 165 paediatric healthcare workers and staff. The questionnaire consisted of 14 questions 

and 8 sub-questions including categorical, ordinal, and numerical data. 

 

Our survey data demonstrated that 98% of participants believed that their mobile phones could 

be harbouring pathogenic microorganisms, however only 56% would regularly or if ever, clean 

their mobile phones. Additionally, 52% regularly use their mobile phones in the toilet which 

may result in faecal contamination and explain the high amounts of faecal-based pathogens 

regularly detected on mobile phones. 

 

This study further supports the notion that mobile phones are ‘Trojan Horses’ for microbial 

transmission and require proper cleaning protocols. 
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CHAPTER 6 

 A PILOT METAGENOMIC STUDY REVEALS 

THAT COMMUNITY DERIVED MOBILE 

PHONES ARE RESERVOIRS OF VIABLE 

PATHOGENS  

(STUDY 4) 
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P., McKirdy, S., Tajouri, T., Alghafri, R. A pilot metagenomic study reveals that community 

derived mobile phones are reservoirs of viable pathogenic microbes. Scientific Reports 2021 
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6.1 Summary 

 
Our first study (Study 1 – Mobile phones represent a pathway for microbial transmission – A 

scoping review) demonstrated that community-based studies exploring mobile phone 

contamination are relatively limited compared to hospital-based studies. Our previous studies 

showed that there is an extensive coverage and knowledge concerning the microorganisms on 

mobile phones of healthcare workers and the habits potentially leading to mobile phone 

contamination. 

 

This study aimed to address whether there is a parallel with mobile phones used in the 

community and whether similar hygiene habits are present and may contribute to mobile phone 

contamination. In line with our second study, we performed a mixed-methods protocol of 

traditional culture-based growth on agar plates followed by complete metagenomic next-

generation sequencing. The main limitation of this study was the high costs associated with 

metagenomics; therefore, we opted to perform a pilot study and have a small sample size of 

five (5) mobile phones. The results were then pooled into 3 samples to undergo next-generation 

sequencing.  

 

In total, 173 bacteria, 8 fungi, 8 protists, 53 bacteriophages, 317 virulence factor genes and 41 

distinct antibiotic resistant genes were identified on five (5) mobile phones from the 

community. Furthermore, this is the first study to report the presence of protozoa on mobile 

phones. Despite the limited sample size of this pilot study, we did successfully demonstrate our 

methodology protocol and metagenomic analysis to uncover a plethora of microorganisms from 

these devices.  

 

These findings add further evidence to mobile phones as platforms harbouring a large number 

of microorganisms from the surrounding environment. Additionally, we included an 

infographic which highlights how our hygiene habits and mobile phone use enable 

microorganisms to bypass the gold standard hand washing practises added a biosecurity concern 

which is made even more relevant given the current COVID-19 pandemic.  
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CHAPTER 7 

MOBILE PHONES ARE HAZARDOUS 

MICROBIAL PLATFORMS WARRANTING 

ROBUST PUBLIC HEALTH AND BIOSECURITY 

PROTOCOLS  

(STUDY 5) 
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7.1 Summary 

 
Our previous hospital-based and community-based studies (Study 2 – The role of mobile 

phones as a possible pathway for pathogen movement; Study 4 – A pilot metagenomic study 

reveals that community derived mobile phones are reservoirs of viable pathogens) showed that 

mobile phones are breeding grounds for viable pathogens. Specifically, both studies utilised our 

mixed-methods protocol of traditional culture-based growth followed by complete 

metagenomic next-generation sequencing.  

 

These findings confirm that the microorganisms identified are viable and potentially infectious, 

however the main limitation of this protocol is that organisms that do not grow on agar plates 

will not be identified.  

 

Therefore, this study aimed to address all previous limitations of our previous studies and 

perform a direct swab-to-sequencing protocol. Through this methodology we were able to 

identify the largest range of microorganisms to date which include 5717 bacteria, 676 fungi, 

320 viruses, 93 protists, 23 respiratory viruses, 4456 bacteriophages, 560 antibiotic resistant 

genes and 1536 virulence factor genes across 26 paediatric mobile phones. The wide range of 

organisms identified have the potential to infect humans, animals and plants which warrants 

strong public health and biosecurity protocols to regulate the use of mobile phones in high-risk 

settings.  

 

Furthermore, this chapter discusses the consequences of unregulated mobile phone use without 

decontamination protocols and brings to light the massive dissemination of pathogens occurring 

globally as a result.  
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CHAPTER 8 

A COMPARISON OF THE EFFICACY OF 

GERMICIDAL ULTRAVIOLET-C MOBILE 

PHONE SANITISERS

(STUDY 6) 

139



8.1 Summary 

Our previous studies have all demonstrated that mobile phones are contaminated platforms 

capable of transmitted infectious agents. Our first, third, fourth and fifth studies focused on 

identifying and demonstrating the plethora of organisms regularly contaminating mobile 

phones. All our previous studies have called for sophisticated decontamination and sanitisation 

protocols for mobile phones. 

This chapter presents an evaluation of UV-C based sanitisation devices which we believe is the 

ultimate solution to this problem. Both commercially available and industrial-grade UV-C 

devices were tested for the efficacy in decontaminated mobile phones. From our results the 

commercially available devices do not provide any sanitisation guarantee with numerous 

colonies and microbial growth observed following all time intervals post UV-C exposure. 

Furthermore, we used our mixed methods protocol of traditional culture-based growth followed 

by complete metagenomic next-generation sequencing to evaluate the organisms present 

following UV-C exposure. Concerningly, spore-forming bacteria appeared in high amounts 

with numerous virulence factor genes responsible for UV photo repair mechanisms.  

On the other hand, the industrial-grade UV-C device did not contain any colonies following 

post UV-C exposure. Additionally, the sanitisation time was significantly shorter when 

compared to the recommendation of the commercially available devices. 

Overall, following the results of this study, we firmly believe that there needs to be regulation 

of the UV-C mobile phone sanitisation industry as there is likely to be numerous commercial-

available devices that are giving a false sense of security to their customers. Furthermore, the 

prolonged use of non-industrial-grade devices has the potential to create a new cataclysmic 

issue of spore-forming ‘super-bugs’ that are immune to UV-C radiation sanitisation.   
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Abstract 

 

Introduction. Mobile phones are contaminated with various microbial pathogens. A wide 

range of marketed phone sanitisers using ultraviolet-C devices are available commercially 

however, their efficacy is poorly reported. 

 

Aim. This study aimed to investigate the germicidal efficacy of three UV-C based phone 

sanitiser devices. 

 

Methods. A total of 17 randomly selected mobile phones were subject to sanitisation with 

UV_C phone sanitisers according to manufacturer recommended exposure times. Swabs of the 

surface of the mobile phones were collected at different timepoints Pre and Post UV-C exposure 

and cultured on blood agar.  For the UV_C phone sanitisers that ‘failed’ germicidal expectation 

at the recommended UV-C exposure time additional experiments were conducted with the use 

of an extra mobile phone sanitisation. Swabs of the phone were collected at different UV-C 

treatments at and beyond the manufacturer recommended time. All these swabs were then used 

to plate four different agar petri dishes and colonies subject to next-generation sequencing 

metagenomic profiling for taxonomic identification.  

 

Results. All phones used in the study were contaminated with viable microbes. Only one brand 

of phone sanitiser showed a high germicidal efficacy in 20 seconds ultra-rapid UV-C treatment 

whilst the other two failed to sanitise phones even after extended minutes of their device UV-

C emissions. Of these failed sanitisations, metagenomic analysis revealed that strain level 

identification Bacilli spp were the predominant organisms surviving in both of these devices.  

 

Conclusion. Our study revealed that only one phone sanitiser tested was robust and delivered 

a 20 second fast germicidal treatment. Whilst the implementation of such technology in health 

care settings and public spaces can deliver a practical, rapid and touchless phone sanitisation, 

our findings highlight the need for regulations to ensure certified, efficient and robust UV-C 

sanitisers are available to consumers. 
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1.0 Introduction 

Today the number of smartphone users globally is 6.648 billion, which equates to 83.96%. of 

the world’s ~7.7 billion population [1]. With state-of-the-art advancements in computing 

capabilities, artificial intelligence development, connectivity/social media and high speed 5G 

technology, pocket-based smartphones and mobile devices have ultimately become ingrained 

into society including professional workplaces. Despite a multitude of evident advantages, 

using smart phones devices does also present dangers; for example, when driving, pedestrians 

crossing roads, potential exposure to radiation, vision impairment, psychological disturbances 

including lack of concentration, agitation, and addiction side effects [2]. Additionally, evidence 

is growing that mobile phones are ‘Trojan Horses’, serving as microbial contaminated platforms 

(fomites), that are possibly leading to microbial transmission and spread of infectious diseases 

worldwide [3] [4]. Mobile phones are touched thousands of times a day while harbouring germs 

and contaminating our hand every single time we touch these devices; hence these devices in 

essence now represent an extension of our hands. The Centre of Disease Control and Prevention 

(CDC) has outlined that up to 80% of all infectious diseases are transmitted via contact with 

hands [5]. In light to the threats of any fomites, public health authorities have advised that 

washing hands and decontaminating these fomites are solutions to prevent the spread of 

microbes and infections [6].   

Indeed, the COVI-19 pandemic has re-emphasised this message and hand hygiene was a key 

non-pharmaceutical intervention adopted for limiting the spread of the SARS-CoV-2 virus. 

This spread occurring despite the imposition of recommended high standard hand washing 

practises [3] [4] [7] [8]. However, it has been reported that SARS-CoV-2 could be recovered 

for up to 28 days on the surface of mobile phones which in keeping with the notion that these 

devices could act as fomites [9]. The growing volume of literature on the potential role of 

mobile phones as fomites has highlighted the need for public health authorities to address the 

issue. In parallel, several opportunities have arisen from the business sector to develop solutions 

to decontaminate mobile phone and whilst manufacturers have provided advise on how such 

devices could be decontaminated but there is limited scientific evidence regarding the chemicals 

to be used.  

The development of mobile phone ultra-violet C (UV-C) sanitizers to decontaminate mobile 

phones is increasing. UV-C at 253.7 nm and dose of 500 µW/cm2, is known to induce viral 

genome damage and inactivate the SARS-CoV-2 virus [10].  
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In 2011, Microsoft filed a patent for an automatic disinfectant for smartphone screens (United 

States of America Patent No. US8999237 B2, 2011). This patent involves utilizing UV light by 

bouncing the waves between a specific film and the touch screen. The main benefits of UV-

based radiation technology to target microbes are; that nucleic acids or genomes optimally 

absorb UV-C (predominantly at 260nm); that UV-C radiation can reach the nucleic acids of 

microscopic cells; and that the germicidal dose (microwatt second) of UV-C emission can be 

modulated by the intensity (force over a surface area; J/cm2), UV-C radiation’s exposure time 

(seconds) and by the close proximity of the source of radiation with the radiated target. 

The UV-C penetration depth is paramount to reach the nucleic acids hence the shorter the 

distance between the UV-C source and the target cell/organism, the greater the impact [11]. 

UV-C emission on cells results in the generation of kinks in the DNA/RNA and damages 

include cyclobutane pyrimidines with T dimers and photoproducts [12]. While microbes have 

DNA repair mechanisms, few have the capacity to resist high dose exposure to UV-C and this 

sanitisation technology has been applied to wide range of treatments ranging from sewage, 

water to medical rooms and fomites [13] [14].  

In this study three commercially available UV-C phone sanitisers were assessed for their 

efficacy against microbially contaminated mobile phones.   

 

2.0 Methods 

 

2.1 UV-C exposure timepoints and swab-based cultures of Fifteen (15) UV-C treated 

mobile phones. 

Fifteen (15) phones (named Phones #1-#15), randomly sourced from community derived 

participants, were used to determine the efficacy of three different ultraviolet C (UV-C)-based 

phone sanitisers (Picture 1). Five (5) phones were treated with the Glissner CleanPhone 

sanitiser (Appendix 1) other Five (5) phones were treated with the Care Sterilizer M1 Series 

(Appendix 2) and finally other five (5) phones treated with the BAUHN UV Phone Sanitiser 

(Appendix 3). “Culture Swab EZ II” (Becton Dickson) devices were moistened with sterile 

saline solution and used to swab the front surface of the fifteen phones used in this study. Gloves 

were worn throughout the swabbing process and replaced after each swab sample to prevent 

any cross-contamination. At different timepoints, pre and post treatment swabs were used to 

plate Horse blood agar (HBA) growth media and these plates were left to incubate at 37oC for 

48 hours in aerobic conditions. Following the 48-hour incubation period a colony counting was 

undertaken.  
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Picture 1. UV-C treatment timelines of the three phone sanitiser devices. Phone swabs were 

collected at each timepoint and cultured on blood agar. UV-C manufacture’s recommended 

exposure time Care Sterilizer M1 between 6 and 10 minutes (1_A), BAUHN UV Phone Sanitiser 

Post-20 seconds 

* 

* 

* 
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between 5 and 10 minutes (1_B) and for the Glissner CleanPhone UV-C-based phone sanitiser 

of 20 seconds (1_C). * (x5): Each device was used to treat five different phones) 

 

 2.2 Post UV_C metagenomic sequencing for UV-C sanitisers with failed germicidal 

efficacy whilst at manufacturer recommended UV-C exposure time. 

Two of the three UV-C sanitisers failed to be germicidal and were further investigated. Each 

UV-C phone sanitiser was used on one single mobile phone with different timepoints of UV-C 

exposure (Picture 2). Swabs of the phone were collected at different UV-C treatments at and 

beyond the manufacturer recommended time (Picture 2) and processed with subsequent 

downstream metagenomic next generation sequencing analysis (Picture 2). Of note, the phone 

sanitiser (Glissner CleanPhone) which successfully delivered a high germicidal efficacy was 

not further analysed. 

In brief, one mobile phone was treated with either the UV-C Care sterilizer M1 Series (Phone 

#16) or the BAUHN UV phone sanitiser (Phones #17). A timepoint of UV-C exposure was 

performed beyond the manufacturer exposure time to determine if a germicidal efficacy could 

be reached.  

At each UV-C exposure timepoint, swabs were collected and, and applied on four different agar 

plates [Nutrient Agar (NA), Bile Esculin Agar (BEA), Horse Blood Agar (HBA) and Mannitol 

Salt Agar (MSA)]at four timepoints (Picture 2). Agar plates were left to incubate at 37oC for 

48 hours.  

All agar plate colonies were pooled together at baseline (Pre UV-C) and all agar plate colonies 

at Post 10-minute UV-C sanitisation were pooled together. These pools reconstituted in a tube 

of nutrient broth at Pre and Post 10-minutes for Phone #16 and for Phone #17 were investigated 

respectively for their microbial profiling content using next generation shotgun DNA 

sequencing (Picture 2). Methodologies associated with the sample DNA extraction, sequencing 

library preparations and runs of samples in a sequencer have been published previously (8).  

Data were filtered using a multi-kingdom resolutive taxonomic identification analysis built into 

CosmosID. This filtering was based on internal statistical scores from CosmosID, which 

enabled listing of results without further validation to determine their presence in the sample. 

Data from this subset of subjects were used to Preliminarily established cut-offs for frequency 

and total match percentage for the CosmosID analysis by manual inspection [16]. In line with 

Yan et al, the metagenomic datasets were collated by applying Yan et al’s methodological 

condition so that the identified microbes are meet a total sequence match percentage of 

>3%. Additionally, results of the microbial metagenomic profiling for Phone #16 and Phone 
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#17 included unified relative abundance to illustrate the composition of organisms of particular 

kingdoms relative to the total number of microbial organisms detected. 

 

2.3 Ethics and funding support 

This research was conducted with the approval of Bond University Human Research Ethics 

Committee approval (16004) and the Murdoch University Human Ethics (2021-137). 

Funding for the DNA sequencing and Laboratory Support was made available through Bond 

University and Murdoch University. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 2.  Two additional mobile phones (named #16 and #17) were subject to UV-C emission 

with The Care Sterilizer M1 Series (Picture 2_A) and the BAUHN UV Phone Sanitiser (Picture 

2_B). A series of swabs were collected Pre and Post UV-C radiation timepoints and applied to 
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four different agar-based petri dishes (HBA, NUT, MSA, BEA). Phone #16 and Phone #17 were 

initially divided into four distinct quadrants with quadrant ‘1’ refers to sampling area of 

timepoint Pre UV-C treatment; quadrant ‘2’ refers to sampling area of first timepoint Post UV-

C treatment; quadrant ‘3’ refers to sampling area of second timepoint Post UV-C treatment 

and quadrant ‘4’ refers to sampling area of third timepoint Post UV-C treatment. In total, there 

were 4 swab samples collected from each of the two mobile phones aimed at agar-based culture. 

For each mobile phone treated with UV-C, a downstream metagenomic shotgun next-

generation sequencing analysis at two timepoints (Pre UV-C and Post 10-minutes UV-C) was 

undertaken. HBA, NUT, MSA and BEA colonies corresponding to each timepoint, were pooled 

together and used for DNA extraction for subsequent metagenomic profiling.  

 

3.0 Results 

 

3.1 UV-C treated mobile phones and HBA colony growth. 

 
The two UV-C sanitisers (Care Sterilizer M1 Series, the BAUHN UV Phone Sanitiser) that 

failed to be germicidal even in minutes were further studied to determine in detailed which 

population of microbes still survived the UV-C treatment at the manufacturer’s time 

recommendation of sanitisation. Before the treatment with the UV-C sanitisers (Care Sterilizer 

M1 Series and the BAUHN UV Phone Sanitiser), all ten phones [#1 to #5 and #6 to #10] were 

contaminated with viable microbes as observed on petri dishes (Pictures 3 and 4). At baseline 

(before UV-C treatment), phones #1 to #10 showed the highest number of colonies on HBA 

plates compared to individual post UV-C timepoint. All Post UV-C exposure timepoints using 

these two commercially UV-C sanitisers showed microbial persistence of viable 

microorganisms in all ten phones (Figure1). Microbial survival after UV-C exposure using both 

commercially sanitisers is most likely due to sub-optimal UV-C germicidal wavelength or/and 

power of UV-C irradiance. The UV-C care sterilizer M1 Series decreased the number of 

colonies from Pre UV-C (n=128) to n=45 for the total post UV-C exposure treatments. 

However, the BAUHN UV phone sanitiser showed more colonies forming growth at the total 

Post UV-C treatment than Pre UV-C exposure with n= 15 colonies and n= 138 colonies 

respectively (Table 1). This type of finding has been reported by Lieberman and colleagues 

with failure of germicidal output in several commercially phone sanitisers [17]. 
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The Glissner CleanPhone sanitiser provided the fastest UV-C microbiocidal treatment with a 

20 second post UV-C treatment resulting in colony quasi microbial-free HBA plates (Picture 

5 and Figure 1).  Picture 5 was obtained by applying a bottom-to-top lighting to pinpoint any 

traces of colonies on HBA plates. 

 

Regarding the Care Sterilizer M1 Series and the BAUHN UV Phone Sanitiser, both devices 

were suboptimal in their capacity to be germicidal even in minutes of UVC exposure and failed 

to be microbiocidal at the time recommended by the manufacturer instructions (Picture 3 and 

Picture 4).  

 
Figure 1. Scatterplot of three UV-C Phone sanitisation showing colony counts general bacteria 

from swabs inoculated onto Horse Blood Agar (HBA) before and after UV-C phone sanitiser 

machine treatment. Each UV-C treatment was subjected to 5 different mobile phones. 

Inoculation after UV-C treatment was performed within 6 minutes for the BAUHN “UV Phone 

Sanitiser” and the “Care Sterilizer M1 Series” devices, while for the Glissner “CleanPhone“ 

UV-C phone sanitiser was after 20 seconds of UV-C exposure.  
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3.2 Metagenomic sequencing analysis of colonies resulting from agar-based growths of 

Pre and Post UV-C sanitisation for Phones #16 and #17. 

3.2.1 Colonies resulting from agar-based growths of Pre and Post UV-C 

 sanitisation. 

 

Two (2) mobile phones (Phones #16 and #17) were treated with either the UV-C care sterilizer 

M1 Series (Phone #16) or the BAUHN UV phone sanitiser (Phones #17). Following single 

sample swab collection, the microbial growth was present in every single of the four different 

agar plates [NA, BEA, HBA and MSA] and at every single of the four timepoints (Picture 6 

and 7). Agar plates were left to incubate at 37oC for 48 hours.  

 

Following counting of the colonies from each type of agar plate and respective timepoint of 

UV-C exposure, there was a failure of UV-C germicidal efficiency with both devices (UV-C 

care sterilizer M1 Series and the BAUHN UV phone sanitiser) (Table 1). Both mobile phones 

#16 and #17 were contaminated with microbes at Pre UV-C exposure and led to the growth of 

colonies on agar plates (Picture 6 and Picture 7). The UV-C care sterilizer M1 Series though 

decrease the number of colonies from Pre UV-C (n=128) to n=45 for the global post UV-C 

exposure treatments. However, the BAUHN UV phone sanitiser showed more colonies forming 

growth at Post UV-C treatment than Pre UV-C exposure with n= 15 colonies and n= 138 

colonies respectively (Table 1).  
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Picture 6. Colony growth and number resulting from Phone #16 at Pre and different Post UV-

C exposure times (Care Sterilizer M1 Series). 
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Picture 7. Colony growth and number resulting from Phone #17 at Pre and different Post UV-

C exposure times (BAUHN UV Phone sanitiser). 
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Table 1.  Colony count of the colonies appearing on petri agar plates following agar-based 

growth. 

 

  Total Colonies  
  NUT BEA HBA MSA GRAND 

TOTAL 
Care 

Sterilizer 
M1 Series 

Pre-UV 51 41 16 20 128 
Post-6 min 15 5 3 5 28 
Post-10 min 2 2 7 1 12 
Post-12 min 3 1 1 0 5 

 

 
BAUHN 

UV Phone 
Sanitiser 

Pre-UV 4 0 10 1 15 
Post-5 min 13 7 25 9 54 
Post-10 min 0 0 3 0 3 
Post-15 min 16 6 50 9 81 
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3.2.2 Metagenomic sequencing analysis of Pre and Post UV-C sanitisation  

 

3.2.2.1 UV-C care sterilizer M1 Series (Phone #16)  

For metagenomic profiling, two timepoints, the Pre and Post 10-minute UV-C sanitisation 

treatment with the UV-C care sterilizer M1 Series (Phone #16) were profiled for their microbial 

content using next generation shotgun DNA sequencing. All colonies derived from all 4 plates 

(NA, BEA, HBA and MSA) (Picture 2) were pooled together for their respective UV-C 

treatment timepoint (Pre-UV-C and Post 10-minute UV-C exposure) [Picture 6 (A and C 

colonies)].  

 

Metagenomic analysis at Pre UV-C and Post 10 minutes UV-C timepoints resulted in the 

generation of 15,342,000 and 26,315,888 sequence reads respectively. Metagenomic analysis 

results showed that mobile phones #16 harboured bacteria at Pre and Post UV-C exposure 

(Figure 2).  Additionally, bacteria Post UV-C treatment with the Care Sterilizer M1 Series 

phone sanitiser were noteworthy bacilli and included Bacillus cereus and Lysinibacillus spp 

(Figure 2). Furthermore bacteriophages, antibiotic resistant genes (ARGs) and virulent factor 

genes (VFGs) were present in both timepoints on the surface of that phone. The number of 

virulent factors decrease at Post UV-C exposure but with a significant prevalence of virulent 

factors associated with bacilli (virulent factors accounting for 96% of all VFGs) when compared 

to the Pre UV-C virulent factors of the microbial organisms at this timepoint (bacilli derived 

virulent factors were accounting for 71% of all VFGs).  
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A functional analysis of the microbes found on Phone #16 exposed to the UV-C care sterilizer 

M1 Series showed that the microbes persisting UV-C treatment at 10 minutes, have 4 fold more 

presence of molecular sigma factor when compared to baseline Pre UV-C. Additionally, the 

biological predominant profile of the microbes present at 10 minutes Post UV-C was associated 

with i) asexual sporulation, ii) bacterial-type flagellum-dependent cell motility and iii) spore 

germination. Finally, Phone #16 at 10-minute Post UV-C treatment, microbial cellular 

capacities were predominantly associated with fatty acid biosynthetic and protein transport 

pathways. 

 

 

3.2.2.2 BAUHN UV phone sanitiser (Phones #17) 

For metagenomic profiling, two timepoints, the Pre and Post 10-minute UV-C sanitisation 

treatment with the UV-C care sterilizer M1 Series (Phone #16) were profiled for their microbial 

content using next generation shotgun DNA sequencing. All colonies derived from all 4 plates 

(NA, BEA, HBA and MSA) (Picture 2) were pooled together for their respective UV-C 

treatment timepoint (Pre-UV-C and Post 10-minute UV-C exposure) [Picture 6 (A and C 

colonies)].  

 

Metagenomic analysis at Pre UV-C and Post 10-minutes UV-C timepoints resulted in the 

generation of 15,139,504 and 10,651,998 sequence reads respectively Metagenomic analysis 

results showed that mobile phones #17 harboured bacteria at Pre and Post UV-C exposure 

(Figure 3).  Additionally, bacteria Post UV-C treatment with the Care Sterilizer M1 Series 

phone sanitiser were noteworthy Micrococcus luteus, Bacillus cereus and several coagulase 

negative staphylococci (CONS) such as S. epidermidis, S. warneri, S. capitis, S. hominis, S. 

hemolyticus (Figure 2). Furthermore bacteriophages, antibiotic resistant genes (ARGs) and 

virulent factor genes (VFGs) were present in both timepoints on the surface of the phone. There 

were no significant changes in the species-specific virulent factors between the Pre UV-C and 

the Post UV-C microbial populations on the surface of the treated phone. 
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4.0 Discussion 

 

This study was aimed at investigating the efficiency of UV-C based sanitisation of mobile 

phones using three phone UV-C sanitisers (The Care Sterilizer M1 Series, the BAUHN UV 

Phone Sanitiser and the Glissner CleanPhone UV_C sanitiser, Version 2021 model). A total of 

fifteen (17) mobile phones from community participants were treated with these UV-C sanitiser 

devices. All phones were subject to different timepoints of UV-C exposure with swabs collected 

at each time point including a baseline (Pre UV-C) swab. Pre and Post UV-C sanitisation swabs 

were collected and plated on agar-based media.  Phones #1 to #5, #6 to #10 and 11 to #15 were 

subject to UVC treatment with the Care Sterilizer M1 Series, the BAUHN UV Phone Sanitiser 

and the Glissner CleanPhone UV-C phone sanitiser respectively and swabs taken at different 

timepoints for HBA agar plating (Picture 1A, 1B and 1 C). The CleanPhone achieved a total 

germicidal efficiency in only 20 seconds while the other two sanitisers used in this study failed 

to achieve total sterilization even after 15 minutes of UV-C radiation. With studies 

demonstrating the fomite issues mobile phones represent in the community and health care 

settings with hundreds of microbes niching on the surface of mobile phones [3] [4] [7] [8] [18] 

[19 [20] [21], devices such as the CleanPhone which achieve a quick sterilisation are ideal in 

providing a safe, effective, and practical solution to these microbial issues (Picture 5). For 

example, in health care settings like hospitals, contaminated mobile phones used by staff most 

likely negate the lifesaving hand washing practices. Achieving a germicidal time of 20 seconds 

that results in full sterilization of all surfaces of a mobile phone with the use of UV-C provides 

a valuable contribution to disease management in professional settings. The CleanPhone 

version used in this current research is a 2021 model and our team intends to investigate the 

new most recent 2022 version of the that claims to sterilize mobile phones in only 10 seconds 

through new advancements in UV-C LED technology. For public health, such devices may be 

incorporated along with handwashing stations at key entry/exit points in hospital wards or other 

locations where hygiene is paramount and contribute to the 5 moments of hand hygiene [22]. 

Simultaneous hand hygiene and mobile phone sanitation may prevent cross microbial 

contamination between the owner’s soiled phone and palm surfaces when these are handled 

again [23]. Furthermore, the CleanPhone’s 20 second germicidal phone sanitation could be 

utilised beyond the healthcare setting and used in other professional and public settings.  Where 

the use of mobile phones is frequent and cross contamination to hands may pose a risk (Picture 

8_B), a quick sterilisation of mobile phones in 20 seconds or less could be used as a public 
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health solution (Picture 8A). Food handlers including restaurants and buffet handlers/users, 

shopping centres, childcare, aged-care, dentists, clinics, hospitals, ambulance staff, boat cruise 

staff, custom officers, airplane staff and passengers, and other frequented community-based 

settings like public toilets, shopping centres are highly recommended to adopt that mobile 

phone sanitation to enhance global public health. The high efficacy and robust UV-C phone 

sanitisers ideally enable the need for proper implementation of such technology globally. 

Current research findings have shed light on a highly effective sanitisation solution aimed at 

preventing the risk of mobile phones laden pathogens and overall microbes from disseminating 

and causing possibly infections [3].  Moreover, from a biosecurity point of view, integration of 

these devices into airports and at key border crossing points will ultimately limit the spread and 

movement of foreign and potential invasive microbes from millions of passengers (owners of 

mobile phone acting as un-noticed fomites) [18]. However, messaging around the importance 

of using UV-C sanitisers needs to be subtle enough to not induce fear and stress [24]  

 

The other two UV-C sanitisers (Care Sterilizer M1 Series, the BAUHN UV Phone Sanitiser) 

that failed to be germicidal even in minutes were further studied to determine in detailed which 

population of microbes still survived the UV-C treatment at the manufacturer’s time 

recommendation of sanitisation. Before the treatment with the UV-C sanitisers (Care Sterilizer 

M1 Series and the BAUHN UV Phone Sanitiser), all ten phones [#1 to #5 and #6 to #10] were 

contaminated with viable microbes as observed on petri dishes (Pictures 3 and 4).  

Reasons as of UV-C sanitisation inefficiency might resides in the intrinsic features and design 

of both devices. The two sanitisers used in this current study (Care Sterilizer M1 and the 

BAUHN UV Phone Sanitiser) differ in designs and intrinsic technical characteristics. The Care 

Sterilizer M1 Series information sheet reports an ultraviolet wavelength (Appendix 2) used in 

this device as a germicidal 253.7nm, whilst the BAUHN UV Phone Sanitiser provides no 

specified UV-C wavelength (Appendix 3). That lack of information is limiting our discussion 

as UV-C wavelength is one parameter for which effective UV-C irradiance and microbiocidal 

efficiency can be assessed. Our team attempted to call the customer support number for this 

device, but no specifications were provided. Our data have shown that the BAUHN UV Phone 

Sanitiser has the poorest sanitisation capacity compared to the Care Sterilizer M1 Series and 

might account for the use of a non-germicidal UV-C wavelength.  With the Care Sterilizer M1 

Series device, the known germicidal UV-C radiation, and the proximity of the UV radiation 

emission bulb (Appendix 2b) used might explain the better efficacy of sanitisation when 

compared to the BAUHN UV Phone Sanitiser. However, with the Care Sterilizer M1 Series 
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device the UV-C surface coverage of the entire phone might be suboptimal since the bulb is 

located to face the side of the phone. Such positioned source of UV-C radiation might omit in 

part the irradiation of the phone’s front and back surface area when subject to sanitisation. 

BAUHN UV Phone Sanitiser Presents with the same limitation in terms of UV-C radiation that 

is applied with emission oriented toward the sides of the treated phone (Appendix 3b). The 

irradiation coverage of the entire phone will be not uniform given the design of such sanitisers. 

The emission of the UV-C sources is not uniformly distributed with therefore areas of the 

phones not receiving any efficient spectral irradiance to enable close-proximity germicidal 

results. As an example, the design of the BAUHN UV Phone Sanitiser. This device has two 

sets of 7 LEDs in each side of the treated phone. Six LEDs are UV-A, and 1 LED is UV-C with 

the UV-C LED positioned in the middle of the two-sub series of 3 UV-A LEDs. The UV-C 

LED (with unknown wavelength) is therefore present as a unique LED in both sides of the 

phones with therefore a limited phone surface radiation exposure. The choice of limiting the 

number of UV-C LEDs might be associated with the cost of these LEDs. 

UV-C sanitisation requires a certain dose to be effective (energy in milli Joules applied per cm2 

surface area and the higher that dose the better the log reduction of microbes irradiated. 

However, depending on which organism is treated, the intrinsic features of the specific microbe 

will determine the dose intensity required to eliminate this pathogen.  

Furthermore, partial or  combined set of variables including features and design of the sanitation 

devices might explain the poor sanitisation of both devices such as: i) inadequate use of a UV-

C germicidal wavelength by the manufacturer (peak at 260-265nm); ii) inadequate UV-C 

dosage (Irradiance x Exposure time); iii) low penetrance UV-C depth (distance between UV-C 

source and surface exposed); iv) limited amount of UV-C emitting sources for the coverage of 

the entire phone surface area (all front, all sides and all back of the phone). 

Of note the dual function of some phone UV-C sanitisers combining UV-C irradiance and 

aromatherapy may be an issue if the device is sub-optimal in its UV-C based sterilisation 

efficiency. In other terms, microbes surviving the UV-C treatment and the use of aromatherapy 

might be the source of microbial dissemination as per the outbreak of pseudomonas aeruginosa 

in Austria [25].  

Noteworthy, we noticed a potential hazard with the operation of the Care Sterilizer M1 Series 

as when the sanitisation is on operation, using as it claims a germicidal UV-C wavelength of 

253.7 nm, the sanitiser has no lock mechanism/auto switch-off mechanism to stop the UV-C 

radiation from the device when it is opened. This means that the handler or user of such UV-C 

device could open the lid and be exposed to the germicidal UV-C light directly to their skin or 
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eyes.  UV-C is known to be harmful to eyes [26], skin and other cells exposed to this radiation 

and can cause cancer or other genetic abnormalities if exposed at close contact and repeatedly 

[27] [28]. It is imperative that regulatory watch dogs not only verify manufacturer’s claims of 

UV-C Phone sanitisers available in the market, but it is highly more important to regulate safety 

of use to Prevent health associated issues for the consumer or operator. UV-C radiation must 

be contained into a sealed and enclose environment within the sanitiser without any possibility 

for the user to be exposed to such radiation. Any manufacturer must be fully certified by 

regulatory bodies in the industry at the same level of certification required, for example for safe 

electronics, fire Prevention and other hazardous materials. Safety is therefore paramount to 

address customers and users are operating UV-C devices without compromising their health. 

Only UV-C sanitisers that meet all certifications must be made available in the market. These 

concerns we raise might be associated with the paucity of regulatory and compliance 

enforcement watchdogs. These devices entering the market should have certification that 

endorse the manufacturer claims to Prevent misleading information and safety issues. 

 

To determine the microbial population persisting and surviving UV-C exposure of both devices, 

two additional phones, Phone #16 (treated by the Care Sterilizer M1 Series) and Phone #17 

(BAUHN UV Phone Sanitiser), were swabbed at Pre UV-C and Post 10-minute UV-C 

(manufacturer’s recommendation time) exposure of UV-C exposure. These colonies were then 

plated on four different agar plates including HBA (Picture 2A and 2B) and subject to next 

generation sequencing to determine the microbial metagenomic profiling signatures. At 

baseline Pre UV-C and at Post UV-C exposure of 10 minute, metagenomic data showed the 

presence of bacteria, bacteriophages, virulence factor genes and antibiotic resistant genes. At 

baseline timepoint, metagenomic analysis revealed that Staphylococcus spp and Bacillus spp 

were predominately present on both phones and at both timepoints. Additionally, at Post UV-

C treatment with the Care Sterilizer M1 Series phone sanitiser, the surface of the Phone #16 

had higher number of colonies compared to Pre UV-C radiation with bacteria observed as bacilli 

including Bacillus cereus and Lysinibacillus spp (Figure 2) that are bacteria known to mount 

resistance against UV-C exposure [29] [30] [31]. While our work has a limited study power, 

the finding of bacilli’s survival persistence may be associated with capacities to sporulate. At 

10-minutes of the Care Sterilizer M1 Series phone sanitiser UV-C exposure, the microbial 

population found on the Phone #16 harboured several bacillus derived genes implicated in 

sporulation and included secE, secA-2, secG, secY-1, secY-2, inhA, plcA [32] [33].  
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In a consumer’s perspective, devices as such that are inefficient if tier germicidal efficiency 

should be avoided. Inoperative but sold devices constitute i) a sustainability issue with both a 

waste of materials and money; ii) a false sense of protection given to customers as improper 

‘sanitisation of their mobile phones’, which may lead to misinformation campaigns [34]; iii) a 

possible hazard as some devices have no auto switch-off mechanism of UV-C exposure when 

the apparatus is opened; iv) a possible positive selection of bacteria to resist UV-C as these 

commercially available devices expose microbes to UV-C without a germicidal efficacity. 

Furthermore, within that study our results have shown that some commercially graded UV-C 

phone sanitisers are not efficient in sterilising mobile phones. It is very important that regulators 

and watchdog entities have a close oversight of the market this yet-unregulated phone UV-C 

sanitation market. Our team urges the regulatory bodies all over the world to take dispositions 

and put in place implementations of key certifications to ensure proper use of such UV-C 

emitting devices that sterilise phones but as well other items. With the COVID-19 context, 

unambiguous and complete standardised regulations need to be urgently put in place to enable 

a safe and efficient use of these devices in the market. For example, the May 2020 Global 

Lighting Association (GLA) publication cites that “In this context, and in the midst of a global 

COVID-19 epidemic, GLA is concerned at the proliferation of UV-C disinfecting devices – 

particularly being sold on the internet – with dubious safety features and inadequate safety 

instructions” [35]. This issue is very critical to address and should be brought to the attention 

of the World Health Organisation (WHO) since UV-C emission and unproperly exposed to skin 

lesions is mutagenic in nature. As a customer point of view, only a fully certified, enclosed, 

robust, safe, and efficient UV-C emitting device should be launched in the market. Regulatory 

bodies such as the Environmental Protection Agency (EPA) and others need to step in firmly 

to endorse UV-C emitting devices with proper certifications that become the norm for 

customers to refer to.  Global phone sanitisation in the world is needed as billions of phones are 

in circulation and neglected for their roles as fomites. 

While several recent scientific publications raise awareness that mobile phones are important 

fomites, other studies showed that active cleaning of mobile phones is rarely or un-frequently 

performed. Health care workers, for example, believe at large that their phones are 

contaminated but still would not take actions to clean their devices regularly even on duty at 

hospitals. Therefore, implementing measures that will require full compliance for phone 

sanitisation and adoption are urgently needed. Active global awareness and education along 

with proper regulations and legislations put in place by higher public health and biosecurity 

authorities will enable all of us to sanitise our ‘third hands’ (our mobile phones). Simultaneous 
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hand hygiene and mobile phone sanitisation would un-doubtfully control and prevent the 

dissemination of infections across the world.  

 
 
5.0 Study limitations 

 

Our study  presents with limitations and include : i) low number of  phones used in that study 

n =17 with swabs on agar plates (82 in total)  and n=2 phones with subsequent 8 sequencing 

libraries for metagenomic profiling using next generation sequencing; ii) at distinct different 

Post UV-C exposure times, phone swabs were collected on distinct front surface quadrants of 

the phone (different quadrant could be contaminated with their specific microbes (Picture 1b); 

iii) Inability to remove possible dust particles on the surface of the phone prior to swabbing; iv) 

inability to retrieve microbes hidden in crevices and/or miro-cracks of smartphone screens. 

 

6.0 Conclusion 

The evidence that mobile phones are fomites and contaminated with a plethora of micro-

organisms has been published in the scientific literature [3] [4] [7] [8] [18] [19] [20] [21]. As a 

mobile object owned by billions of individuals, sanitisation of such platforms is paramount. 

UV-C based smartphone sanitisation devices are available in the market. Our study has 

demonstrated that the Glissner CleanPhone UV-C phone sanitiser device is able to kill all 

microbes on the surface of mobile phones in only 20 seconds (50-60 mJ/cm2; Appendix 1c), a 

device equipped with 96 LEDs and using a germicidal wavelength.  

 

7.0 Author’s recommendation 

Only robust phone UV-C sanitisers with full certification of efficiency and safety should be 

allowed in the market. Rapid and practical efficient sanitisers for mobile phones would prevent 

microbial dissemination in hospitals, airports, food handling spaces but as well within the 

community in general such as public bathrooms. Importantly, UV-C phone sanitiser 

implemented in different public and professional sectors must meet a level of practicality 

meaning efficient within seconds and not minutes to ‘zap’ microbes on the surface of mobile 

phones. If both hand washing and user’s mobile phones are decontaminated simultaneously, in 

hospitals, clinics, dental practices, general practitioner facilities, pharmacies, veterinary 

institutions, ambulances this may prevent microbial spread in these settings. As an example, 

prevention of health care associated infections maybe enhanced with the use of robust and 
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efficient UV-C phone sanitisers as part of the five moments of hand washing in hospitals. Hand 

washing practice will be therefore not be negated when staff touched their (made clean) 

phones). Additionally, to prevent dissemination of microbes around the world by the means of 

contaminated mobile phones, implementing the use of robust, fast and efficient UV-C phone 

sanitisers in airports, cruises, harbors, border crossings, public transports, malls, public and 

professional gatherings (e.g.  sport related events and conferences) will be ideal to maintain 

cleaned phones (along with hand washing with hydro alcoholic gels). Finally, the food industry 

from catering staff, food/buffet handlers, restaurants, cooks, abattoir staff, farming workers to 

the retail industry staff serving clients would benefit from using certified and robust grade UV-

C phone sanitisers. 
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Appendices 

 

The Glissner CleanPhone UV-C sanitiser (2021 Model) recommends a 20 second UV-C 

treatment. Their device is an enclosed apparatus with germicidal LED emitting UV-C with a 

set wavelength at 265nm-275nm with a power if 50-60mj/cm2 (Appendix 1c). The UV-C lamp 

consists of 48 LEDs (Appendix 1b) with two lamps enclosed inside the CleanPhone providing 

a complete 360o sanitisation with 96 LEDs in total.  

 

 The commercial UV-C sanitiser device (model from Kogan, “Care Sterilizer M1 Series”) 

recommends a “6-10 minutes” sanitation cycle. The Care Sterilizer M1 Series (Appendix 2a) 

device utilises an ultraviolet germicidal wavelength of 253.7nm powered by 2W for sterilisation 

with the UV-C light is emitted via a cylindrical bulb (Appendix 2b). It is noted that the device 

can reach a maximum power wattage of 9W and can fit mobile phones up to 7 inches in length. 

 

The second device that was used to test mobile phone sanitisation was a “BAUHN UV Phone 

Sanitiser” developed by BAUHN (Appendix 3a). The device utilises a combination of UV-A 

and UV-C radiation but there is no mention from the manufacturer of the specific UV-C 

wavelength radiated from their device. The instruction manual of this device stipulates that the 

sterilisation of phones takes approximately 5 to 10 minutes to complete. Within this device, two 

sets of seven LED lights on each side of the device which is used to emit a combination of UV-

A and UV-C radiation (Appendix 3b). 
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Appendix 1 

Appendix 1a. Glissner CleanPhone (2021 model). 

 
 

 

 

Appendix 1b. Glissner CleanPhone (2021 model) sanitisation lamp with 48 LED’s (2 lamps 

are used in the CleanPhone with 96 UV-C LED’s in total providing 360o coverage). 

 
 

174



   

 

Appendix 1c. Glissner CleanPhone (2021 model) specifications.  
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Appendix 2 

Appendix 2a. Care Sterilizer M1 Series, (frontal view). 

 
 

 

 

 

Appendix 2b. Care Sterilizer M1 series, UV radiation emission bulb (side view).   

 
 

 

 

 

176



   

 

Appendix 2c. Care Sterilizer M1 series manufacturers instruction manual.  
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Appendix 3 

Appendix 3a. BAUHN UV Phone Sanitiser, (frontal view).   

 
 

 

 

 

 

Appendix 3b. BAUHN UV Phone Sanitiser, UV radiation emission lights (side view).  
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CHAPTER 9 

SUMMARY, FINAL DISCUSSION, FUTURE 

DIRECTIONS, AUTHOR’S 

RECOMMENDATIONS, CONCLUSION AND 

FINAL REMARKS 
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9.1 Summary of Findings 

 

Mobile phones, also referred to as smartphones or cell phones, are now ubiquitous and used by 

billions of individuals across the world. The frequent use of these devices and the intrinsic 

features of mobile phones make them an ideal fomite. Fomites are objects or materials that can 

become contaminated with pathogens and serve as vehicles for transmission of infectious 

microorganisms. While multiple fomites are reported in the literature, mobile phones or 

smartphones are often un-noticed and neglected platforms that may be responsible for large-

scale microbial transmission.  As frequently “highly touched” platforms with users spending 

on average 3-4 hours per day using their phone and touching their devices up to 3000 times per 

day, smartphones raise strong concerns for microbial transmission. The omnipresent use of 

mobile phones across all sectors enables the potential transmission of pathogens between the 

community and healthcare settings.  

 

International public health authorities and infection control bodies do not adequately identify 

these platforms as reservoirs for pathogens and potential breeding grounds for microorganisms, 

nor do they highlight the potential risk for microbial transmission despite the potential global 

impact of these devices contributing to the dissemination of infectious diseases in epidemics 

and pandemics. Nonetheless, these devices have a strong point of difference when compared to 

other common fomites. The intrinsic features of mobile phones and user’s habits provide the 

optimal conditions for microbes to thrive on phone surfaces.  

 

Within the healthcare setting, HAIs pose a major health threat throughout hospitals across the 

world and remain a leading cause of morbidity and mortality. Numerous preventative strategies 

including proper hand hygiene and frequent disinfection of hospital-based equipment have been 

implemented throughout the years, however the threat of HAIs have increased with concerns 

of MDR-microorganisms. Furthermore, there are significant healthcare costs associated with 

treating these HAIs with estimates ranging from $28-45 billion per year in the United States 

and up to $250 million per year in Australia. These statistics, however, are significantly 

outdated and only represent a portion of the total cost as most HAIs go unreported. Paediatric 

and intensive care facilities are a major risk for the emergence of new MDR-microorganisms 

as nosocomial infections occur frequently amongst immune-suppressed and critically ill 

patients.  
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Moreover, the COVID-19 pandemic has emphasised the necessity of proper hand hygiene and 

behavioural regulation to mitigate the transmission of the SARS-CoV-2 virus as the United 

States Center for Disease Control and Prevention (CDC) has outlined that up to 80% of all 

infectious diseases are transmitted via hands. A point of concern is that, whilst individuals wash 

their hands, mobile devices/smartphones are very rarely cleaned or decontaminated as phone 

hygiene is often overlooked. This enables continual re-contamination of hands via device 

interaction and allows pathogens to by-pass gold standard handwashing via these “Trojan 

Horse’ fomites and potentially contribute to the spread of nosocomial disease in healthcare and 

community settings.  
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Study 1 – Mobile Phones Represent A Pathway For Microbial Transmission – A Scoping 

Review.  

A systematic review of literature consisting of 56 studies from 24 different countries 

demonstrated that at least 68% of mobile phones are contaminated with pathogens. Mobile 

phones used in healthcare settings contained higher amounts of antimicrobial resistance and 

pathogens compared to community settings.  

 

Strengths 

This review was a comprehensive assessment of the studies concerning mobile phone 

contamination from the past 15 years. The review demonstrated the limitations of previous 

studies which used traditional microbiology culture-based identification techniques and 

targeting specific microorganisms as opposed to unbiased detection. Additionally, given the 

circumstances regarding COVID-19 and the release of this review, I highlighted the strong 

possibility that SARS-CoV-2 was spreading via mobile phones. This review raised the 

awareness to authorities and the scientific community that mobile phones are an invisible threat 

that requires proper decontamination protocols to mitigate the risks of microbial transmission.  

 

Limitations 

The scoping review contains limitations regarding the databases searched which resulted in 

some articles being excluded from the final analysis. Additionally, the COVID-19 pandemic 

has incentivised additional research in this field and as a result more studies are being published 

concerning mobile phone contamination.  

 
Study 2 – The Role Of Mobile Phones As A Possible Pathway For Pathogen Movement.  

Evidence of high amounts of antimicrobial resistance on mobile phones of healthcare workers 

via traditional microbiology culture-based identification techniques confirmed the necessity to 

conduct a cross-sectional study in a hospital with advanced microbial identification technology. 

I investigated three (3) different healthcare wards (PICU, NICU and GP), swabbing mobile 

phones of 30 healthcare staff and applied a mixed-methods protocol of traditional culture-based 

growth on agar plates followed by complete metagenomic next-generation sequencing. Mobile 

phones with protective cases and phone covers were sampled by first opening the case and 

swabbing the touch screen in addition to the back of the device. Simultaneously, questionnaire 

surveys were collected from participants to correlate potential pathogens identified with user’s 

mobile phone hygiene behaviour. Participants were recruited on a voluntary basis and potential 
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reliability and validly errors were minimised through different question types (yes/no and scale-

based answers), both individual and small group interviews and final a clean survey design. All 

30 mobile phones were contaminated with viable and potentially infectious pathogens with 

mobile phones screened from the neonatal intensive care unit containing higher amounts of 

pathogens and antibiotic resistance compared to the other wards investigated.  

 

Strengths 

This cross-sectional study uncovered a vast array of pathogens from mobile phones of 

healthcare workers which had not previously been recorded in the literature. This research 

demonstrated that the pathogens present were viable and potentially infectious in addition to 

documenting the hygiene habits of participants and their use of mobile phones across 3 

paediatric wards. All mobile phones were contaminated with pathogens. In addition to the 

bacteria present on the device surface, there was also DNA evidence of a wide range of 

antibiotic resistant genes and bacteriophages uncovered following DNA sequencing. Despite 

these results coming from mostly healthcare settings, the results demonstrate that mobile 

phones harbour a wide spectrum of microbial organisms with the possibility that these microbes 

might be different in other non-medical settings. However, it is noteworthy that the Paediatric 

Emergency Department, which has the most interactions with the community, contained mobile 

phones with the highest prevalence of environmental organisms, whereas the other two 

intensive care units were mostly populated with human pathogens and commensals. This brings 

further evidence that mobile phones accumulate microorganisms from specific settings and act 

as a potential risk when individuals cross between settings. Finally, the research questionnaire 

data identified that most participants use their mobile phones in the bathroom with many would 

rarely or ever clean their mobile phones despite their use of soap and water to wash their hands. 

 

Limitations 

The main limitations of the results presented in this study are the probable underestimation of 

the total number and spectrum of microbial burden on mobile phones. The methodology 

focused on combining both traditional plate-based microbial culture with subsequent 

metagenomic sequencing, however this study was limited to five different types of agars, which 

allow specific species of microbes to be cultured. The results of that study identified 

microorganisms that were mainly limited to bacteria and bacteriophages. I expect that more 

inclusive results may be captured from a broader range of agar, which would enable the culture 
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of more species of bacteria, fungi, and other organisms such as protozoa. A much longer list of 

results is also expected from direct swab-to-NGS; which is a methodology that enables the 

detection of microbes including animal and plant viruses and other microorganisms that are not 

culturable but has the drawback of detecting DNA and RNA material from both viable and not 

viable organisms. Furthermore, the metagenomics methodology approach of this study is 

limited by the databases which can be searched. With greater inclusion in databases, it might 

be expected that many other pathogens/organisms would be detected. Additional limitations are 

that the study involved only a small number of staff and their mobile phones from a single 

centre (n=30). Finally, as this study was conducted in a paediatric setting, mobile phones of 

patients were not tested, but this would be of an interest in adult wards.  

 

Study 3 – Mobile Phones Of Paediatric Hospital Staff Are Never Cleaned And Commonly 

Used In Toilets With Implications For Healthcare Nosocomial Diseases.  

Our hospital-based survey explored the attitudes and behaviours concerning health care staff 

and their use of mobile phones in the professional setting. Prior to this study, I investigated the 

attitudes and opinions of only 30 healthcare staff (as seen in Study 2), however following this 

study we were able to increase the n-number to 165 participants and perform statistical analysis 

between participant demographics and questionnaire answers.  

 

Strengths 

This study was a high-powered survey of n=165 participants with differing occupations, 

including doctors and nurses, from the professional healthcare setting. Large amounts of data 

were gathered as the questionnaire survey included 14 questions and 8 sub questions, ultimately 

forming a comprehensive analysis of healthcare workers and their use of mobile phones. Data 

collected included categorial, ordinal and numerical data with analysis of categorical data 

performed with non-parametric techniques including Chi-squared tests. In addition to gathering 

extensive data, this study also provided further awareness concerning microbial contamination 

of mobile phones in healthcare settings. Throughout our interviewing process of healthcare 

staff, I received many positive verbal responses regarding the importance of this research and 

realisations from many workers who began to recognise the potential risks posed by mobile 

phones. 
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Limitations 

Whilst we did achieve a high n-number for participation (n=165), there were some documents 

which contained partial or incomplete responses which nullified their inclusion in the final 

analysis. Additionally, whilst I did survey 4 different hospital wards, they were all attributed to 

the paediatric department. A larger scale survey of the entire hospital would provide different 

perspectives of mobile phone use. Furthermore, given the nature of this research and the 

dominance of mobile phones in many different professional sectors worldwide this work should 

not be limited to solely the healthcare setting. A global survey of mobile phone use would be 

the optimum study to gather opinions of mobile phone use in a variety of settings including 

schools, universities, childcare centres, aged-care facilities, retail industries, food and 

entertainment sectors, boat cruise services, airports, light-rail, and train services which would 

ultimately drive appropriate decontamination protocols in those respective environments.  

 

Study 4 – A Pilot Metagenomic Study Reveals That Community Derived Mobile Phones 

Are Reservoirs Of Viable Pathogens. 

My community-based pilot study verified the mixed-methods protocol and aimed at providing 

an in-sight into the microbiome on mobile phones from a community setting. Previous literature 

described community-derived mobile phones as containing low antibiotic resistance profiles 

when compared to hospital-derived devices. I investigated 5 mobile phones from university 

students and processed mobile phone derived swab samples on 3 different agar plates (HBA, 

NUT, MAC). The subsequent colonies were then pooled together and subject to next-generation 

sequencing. All 5 phones were contaminated with viable and potentially infectious pathogens. 

This is the first study to report the presence of protozoa on mobile phones.  

 

Strengths 

Fundamentally each mobile phone provides a comprehensive amount of individual data. As this 

study contained a relatively small sample size (5 mobile phones with 3 metagenomic samples), 

an alpha diversity was performed to highlight the diversity between the three samples. Sample 

1 [petri dish 1 (Horse Blood Agar) type pool of the 5 phones] with 63 different strains. Sample 

2 [petri dish 2 (Nutrient Agar) type pool of the 5 phones] with 61 different strains; Sample 3 

(petri dish 3 [MacConkey Agar) type pool of the 5 phones] with 49 different strains. The 

numbers depicted on the right side of the graph illustrate how many different strains of bacteria 
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were found per sample and the numbers depicted on the left side are the averages. Overall 

sample 3 contained the least alpha diversity.” 

A strength of the community-based pilot study is the combination methodology of culture-

based agar growth followed by a metagenomic approach to organism identification. Using next-

generation DNA sequencing, the identification of a wide range of viable and infectious 

organisms (bacteria, viruses, fungi, protozoa), in addition to antibiotic resistant and virulence 

factors genes is captured and highlights the singularity of mobile phones and suggests that such 

devices may play a key role in the future as personal biosecurity signatures. Of interest, the 

antibiotic resistance profile that was discovered in this work (please see Page 118, Figure 7) 

was different among the three samples studied.  Sample 13 has the most extensive resistome 

followed by sample 14 and lastly sample 12. The key point of difference for sample 13 was the 

presence of additional aminoglycoside resistant genes such as aac6’ aph2”, spc, aadD as well 

as tetracycline tet38. This is the first publication to identified and confirm the presence of viable 

protozoa on mobile phones. The most concerning protists identified was Entamoeba histolytica 

which can cause deep intestinal bleeding in the gastrointestinal tract, or blindness if the protist 

infects the eye.  

 

Limitations 

A limitation of the community-based pilot study is the power of the study. Both the low sample 

size of mobile phones swabbed (n=5) and the location limited to one setting (University setting) 

only provides a snapshot representation of community mobile phones. Ideally, mobile phones 

should be sampled from a variety of distinct settings to document the pathogens present in each 

environment as a means of visualising potential pathogen movement. Nonetheless, the 

university location allows for recruitment of a wide spectrum of individuals from the public.  

Additionally, the limited number of agar plates (HBA, MAC, NUT) used to culture the 

microorganisms fundamentally dictates which organisms can be grown and thereby limits the 

complete range of viable pathogens present in each sample. Ideally, a large multitude of various 

agar plates should be used to determine the viable presence of sampled organisms, however 

consistent plating of organisms inevitably reduces the microbial load captured in each swab 

sample and therefore each agar plate streaking will have less organisms. By selecting a 

sufficient assortment of agar plates that enables growth of a variety both Gram-positive and 

Gram-negative organisms will circumvent this limitation. Finally, a much longer and detailed 
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list of pathogens is expected from a direct swab-to-NGS methodology, and the breadth of the 

databases are also a limiting factor (as mentioned previously).  

 
Study 5 – Mobile Phones Are Hazardous Microbial Platforms Warranting Robust Public 

Health And Biosecurity Protocols.  

The second hospital-based cross-sectional study expanded upon my previous studies and 

utilised a novel methodology of direct swab-to-sequencing protocol which bypassed the 

previous culture-based growth of colonies used in both Chapter 4; Study 2 and Chapter 6; 

Study 4. I investigated (2) different healthcare wards (PICU and GP), swabbing mobile phones 

of 26 healthcare workers and processing swabs directly through complete metagenomic next-

generation sequencing. Simultaneously, I collected questionnaire surveys from participants to 

correlate potential pathogens identified with user’s mobile phone hygiene behaviour. All 26 

phones were contaminated with a multitude of pathogens including bacteria, fungi, protozoa, 

viruses, bacteriophages in addition to antibiotic resistant and virulence factor genes.  

 

Strengths 

This study has uncovered the highest taxonomic scope of microorganism identification from 

mobile phone-derived swab samples. All 26 mobile phones were contaminated with 

microorganisms known to cause nosocomial diseases, community-associated diseases, in 

addition to pathogens specifically targeting animals and plants of the agricultural industry. The 

range of microorganisms identified raises significant biosecurity concerns as many animal and 

plant pathogens can severely devastate the agricultural and farming sector.   

 

Limitations 

The main limitation of the direct sequencing study is the absence of RNA virus detection. This 

limitation can be rectified by taking two swabs for each mobile phone. One swab would undergo 

DNA extraction and subsequent processing for metagenomic identified. The second swab 

would then undergo RNA extraction and conversion to cDNA before being process for 

metagenomic identification. A limitation of the direct sequencing study is that I have not been 

able to determine the viability and infectivity of all pathogens that have been identified on the 

surface of mobile phones of healthcare workers. It is difficult to assess the level of clinical risk 

that the finding of fragments of DNA of a range of known pathogens might imply for health 

care settings.  
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Ideally, I should prove transmission from mobile phones to humans frequently occurs. This 

would involve documenting each step of the acquired infection. Additionally, it would entail 

testing the mobile phones of the healthcare workers and then demonstrating that specific 

microbial strains had been responsible for infections in patients and finally that these patients 

could not have possibly acquired the specific pathogens in any other way. Such a high bar for 

documenting risk of infection is not consistent with current practise. The example of the current 

global pandemic with COVID-19 provides an important reference point. Testing for COVID-

19 involves identifying RNA from respiratory secretions and firstly converting RNA samples 

to cDNA before amplifying the sequencings through RT-qPCR technology. All positive 

COVID-19 tests are classified as proven infections, even in the absence of clinical symptoms. 

It has been a great challenge to identify when a patient, after a “presumed” illness or infection, 

is non-infectious as remaining traces of RNA has been documented in patients and remains 

detectable several weeks and months following the presumed primary infection. The clinical 

decisions about whether a patient should remain in quarantine are not made based on the proven 

virulence of the detected virus by attempting to culture the virus. RNA detection on its own is 

considered enough to inform clinical decision making and has led to a range of risk mitigation 

procedures such as isolation and various levels of social distancing. I strongly contend that 

identifying pathogens on the mobile phones of healthcare workers represents evidence of risk 

and it is important to develop protocols to mitigate that risk. The data from this study are 

sufficient to recognise that mobile phones and smartphone devices are an infection risk. It is 

impractical to suggest that risk mitigation strategies should not be considered until there has 

been proof of each step in the chain of infection. There is a danger in such a response. One 

could speculate that very early in the Pandemic in January 2020 there was no “proof of human-

to-human transmission of COVID-19” and as such it was argued that risk mitigation procedures 

such as border closures and other social distancing measures were not yet required. With the 

value of hindsight this initial response has been criticised and the world has responded to 

COVID-19 based on the results of RNA testing alone without necessarily proving each step of 

the diseases propagation. The observed protocol for cleaning phones in the NICU (Chapter 4; 

Study 2) was not able to guarantee that the mobile phones were free from pathogens. The next 

stage is to determine if it is possible to eliminate pathogens from the surface of mobile phones 

and/or if there needs to be consistent messaging and awareness surrounding hand hygiene; after 

you or the patient has touched their mobile phone, that you should not eat while touching your 

phone, that mobile phones are not used in areas of high faecal contamination including 
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bathrooms and toilets and finally that use of mobile phones in operating theatres and other 

places of invasive surgery should be limited.  

 

Study 6 – A Comparison of The Efficacy of Germicidal Ultraviolet-C Mobile Phone 

Sanitisers. 

My study assessing germicidal sanitisation of mobile phone UV-C decontamination devices 

aimed to provide a highly effective and sustainable solution to mobile phone fomites. This study 

explores three commercial-based UV-C sanitisers. The first device, the “Care Sterilizer M1 

Series” and the second device that was used to test mobile phone sanitisation, the “BAUHN 

UV Phone Sanitiser” do not provide adequate sanitisation capacities with significant colony 

growth following extended UV-exposure times. Additionally, the majority of microorganisms 

present following an extended UV-C dose are spore-forming bacilli species. Metagenomic 

sequencing analysis of mobile phone derived swab samples also indicated that the bacilli 

species have a multitude of UV-based-repair virulence factors which may be the result of 

ineffective UV-C emitters from these two devices. On the other hand, the Glissner CleanPhone  

provided a quick and efficient (<20 seconds) sanitisation period with zero colonies appearing 

on mobile phone derived swabs following sanitations.   

 

Strengths 

This study highlighted the solution to prevent mobile phones acting as potentially hazardous 

fomites. The sample size of this study was a medium size with 18 mobile phone derived samples 

in total; six samples taken from mobile phones after UV-C exposure from the “Care Sterilizer 

M1 Series”; six samples taken from mobile phones after UV-C exposure from the “BAUHN 

UV Phone Sanitiser”; six samples taken from mobile phones after UV-C exposure from the 

Glissner CleanPhone sanitiser.  

Limitations 

 

In this study, only four samples underwent metagenomic sequencing which includes two time 

points of phone #16 and phone #17 following UV-C exposure. Increasing the number of 

sequencing samples will rectify this issue.  
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9.2 Final Discussion (Integrative) 
 
All swabbed mobile phones in all studies (Chapter 4; Study 2, Chapter 6; Study 4, Chapter 

7; Study 5, Chapter 8; Study 6) were contaminated with microbes and composed of diverse 

groups of microorganisms. Among power size, the main limiting factor in detecting the whole 

microbial presence on mobile phones is associated with the methodology used.  Swabs obtained 

from mobile phone surfaces and directly processed with downstream shotgun next generation 

sequencing (Chapter 7; Study 5) have the greatest number and range of microorganisms 

compared to culture alone or culture then sequencing.  

  

The number of mobile phones is high in both professional settings and within the community. 

Both hospital-based and community-based settings contain mobile phones with large numbers 

of not only microorganisms but antibiotic resistant and virulence factor genes. In Chapter 3; 

Study 1, mobile phones that were swabbed in healthcare settings showed higher antimicrobial 

resistance when compared to community derived mobile phones. Study 1, however, is a review 

that explored scientific publications from 2005 to 2019 with paucity of data within the 

community. Nonetheless, a community-based pilot study was undertaken for this present thesis 

(Chapter 6; Study 4) in which a large presence of resistome and virulome was found from 

community-derived mobile phones. This discrepancy of finding with previous studies (Chapter 

3; Study 1) and this current thesis data is most likely explained by the methodological 

technology used. Limited microbial diversity and antimicrobial profiling data would be 

available with traditional cultures and antibiotic sensitivity testings or polymerase chain 

reaction (PCR) for example. On the other hand, omics studies using shotgun sequencing allows 

a broader and more comprehensive identification of all sorts of microbes and their virulence 

and antimicrobial genes. With this approach, the hospital-based study (Chapter 6; Study 4) 

showed that the NICU derived mobile phones harboured the highest virulome compared to the 

other wards.  

 

An important consideration to raise is that swabs obtained from mobile phones in all the studies 

are the result of single ‘swabbed print’ undertaken at a specific time and location. As snapshot 

decryption of microbial presence on mobile phones, different geographical locations and/or 

settings would surely display different identified and possibly specific microbial populations 

common to those locations. Additionally, owners of mobile phones may or may not clean their 

devices, but findings showed that mobile phones still warrant for the presence of microbes when 
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these were analysed. This highlights the dynamic and ongoing nature of mobile phone microbial 

contamination constantly occurring.  As important fomites with constant contamination from 

owner’s fingers, environment and as niche platforms for microbes; promoting and mitigating 

‘phone hygiene’ is vital since these devices are extended third hands and negate hand washing. 

The solution to decontaminate billions of mobile phones in the hands of billions of users but 

lacking compliance to sanitise mobile phones is a risk and challenge for public health and 

biosecurity. The implementation of high-grade fully certified mobile phone Ultraviolet-C 

sanitisers in public and professional settings is most likely the most advantageous and efficient 

means to decontaminate these devices consistently. If we take into account the hypothesis that 

mobile phones, contaminated with microbes, could be the prime vector for germ and superbug 

dissemination, such intervention will most probably have a tremendous public health benefit 

saving billions of dollars every year. 

  

Picture 1 is an infographic outlining the key components of the research completed in this PhD 

thesis. A range of different studies has been completed creating a diverse group of evidence to 

address the overarching research question of whether mobile phones as potentially hazardous 

fomites. The main results of each study have concluded that mobile phones are contaminated 

microbial platforms, acting as ‘Trojan Horses’ for the dissemination of microbes, bypassing the 

gold standard handwashing practises (Picture 1). The impacts of mobile phones remaining as 

fomites and my proposed interventions to the issue will be further discussed in this chapter. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

192



   
 

 
 

 
Picture 1. Infographic summary of all (6) studies undertaken in this thesis, outlining the 

methodology, setting, population, sample size, microorganisms detected, conclusions, 

publications, and final remarks. 

9.2.1 IMPLICATIONS FOR PUBLIC HEALTH  

Manuscript 
in 

submission 
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There are approximately 59 million healthcare workers worldwide [1]. The results of our studies 

have demonstrated that approximately 98% of healthcare staff consider their mobile phone as 

an essential work-related tool which results in tens of millions of workers using their devices 

whilst on duty. Additionally, my studies have demonstrated that 100% of mobile phones, that 

were tested, were contaminated with microbes. Currently, there are no regulations to restrict 

the use of mobile phones in operating theatres or other “high risk” hospital environments, let 

alone any regulations to mandate phone sanitization in healthcare, that I am aware of. The 

consequences of inaction on this issue are that possibly mobile phones are in-part responsible 

for HAIs. 

 

The economic burden of nosocomial diseases is important worldwide.  In the USA, HAIs 

deliver an extensive economic burden with traditional estimations ranging between US$28-45 

billion per year [2] and new studies have analyzed the associated costs of HAIs to society to 

exceed $200 billion annually [3]. The estimated economic burden of nosocomial infections 

fluctuates due to a series of factors including different patient populations explored, varying 

study settings, relying solely on index hospitalization costs, whether outpatient costs are 

included in the analysis and finally whether the analysis includes multi-drug resistant infections 

[4] [5]. Alone, the economic burden of antibiotic resistance represents a large cost to public 

health. The economic burden of antibiotic resistant infections encompasses costs of drug 

treatment and purchases of therapeutic agents, laboratory-based identification tests, diagnostic 

methods, bronchoscopies, MRI’s, radiological studies etc. This becomes an issue when these 

additional costs cannot be handed over to the patient receiving treatment or their insurers. 

Patients are subsequently exposed to both direct (upfront payments) and indirect (decreased 

productivity/income reduction) costs for infections [6]. A review published in 2014 by Jim 

O’Neill entitled, ‘Review of Antimicrobial Resistance’ estimates a global cost of antibiotic 

resistant infections to reach $100 trillion in addition to 10 million further deaths by the year 

2050 if this issue is not resolved [7]. O’Neill’s review outlines that malaria, E. coli and 

Mycobacterium tuberculosis have a direct correlation with economic impact for drug resistant 

infections. A research team commissioned by O’Neill, described Malaria as responsible for the 

highest number of fatalities, whereas E. coli was determined to be the greatest detractor from 

GDP. Currently, there are no distinctive measures to determine the economic impact of resistant 

infections within Australia. Furthermore, Teresa M outlined in 2017 that the only published 

Australian statistic estimates a total cost of AUD$250 million per year. However, this statistic 
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is based on international data that is more than 10 years old [8]. Additionally, when compared 

to the USA the annual direct medical costs of HAI to U.S. hospitals ranges from $28.4 to $33.8 

billion, however this figure is also an underestimation with data estimates greater than 10 years 

old [5].  

With billions of people using mobiles phones worldwide without proper sanitisation of such 

devices and awareness that these devices harbour all sorts of microbes, the amount of proximity 

these microbes are to their users (publicly or/and in professional settings) is not only a public 

health issue but also a biosecurity issue.     
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9.2.2 IMPLICATIONS FOR BIOSECURITY  
 
The rapid advancements of air travel enable swift movement of passengers across thousands of 

miles in only a few hours. Pre-COVID, international travel was used by billions for tourism, 

work, conferences, expositions, festivals, religious pilgrimages, and other worldwide 

gatherings. In 2019, the estimated number of passengers by the global airline industry was 4.543 

billion, however this number drastically dropped because of the COVID-19 pandemic with only 

2.2 billion passengers reported in 2021 [9]. As the world recovers from COVID this volume of 

international travel will return. 

Assuming 75% of passengers bring their personal mobile phone when they travel, there is 

estimated to be 3.4 billion mobile phones travelling. With these devices likely to be 

contaminated with pathogens, many species are capable of remaining viable and potentially 

infectious for extended periods of time during the travel. In chapter 2, table 2 the lifespan of 

“ESKAPE” pathogens on inanimate surfaces was shown to be extensive; Coagulase-negative 

staphylococcus (up to 74 days), Staphylococcus aureus and Methicillin-resistant 

Staphylococcus aureus (up to 7 months), Enterococcus spp. (up to 4 months), Acinetobacter 

spp. (up to 5 months), Pseudomonas aeruginosa (up to 16 months) and Escherichia coli (up to 

16 months). If these devices are not sanitised, then the subsequent movement of viable microbes 

is occurring and crossing borders unnoticed. In Chapter 7; Study 5 I described the potential 

biosecurity implications of un-sanitised mobile phones gathering and transferring potentially 

invasive microbial species.  

Throughout my studies outlined in this thesis, the range of microorganisms identified from 

mobile phones has been extensive. In Chapter 7; Study 5 the methodology of direct swab-to-

sequencing protocol revealed an abundance of microorganisms which may pose significant 

biosecurity concerns. The microorganisms identified represent human, animal, and plant 

pathogens. The biosecurity consequences are yet to be fully uncovered; however, the agriculture 

industry is most likely to be impacted by the transmission of region-specific plant and animal 

pathogens via mobile phones.  

Industry professionals travelling from various countries may most likely be unaware of the 

potential impact from their mobile phones. For example, the Viticus Veterinary Summit attracts 

12,426 total attendees each year including over 6000 Veterinarians from up to 60 different 

countries. The impact of introducing zoonotic bugs, antibiotic resistant organisms and invasive 
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microbes including fungal and protozoal species from animals, accumulated on the mobile 

phones of these industry professionals can be catastrophic. Furthermore, other professional 

settings are at risk to the use of mobile phones as fomites such as dentists, food handlers, 

childcare workers, elderly care facilities, cruise ship workers, airports and many more.  

With the case of COVID-19, the SARS-CoV-2 viruses responsible for the COVID-19 pandemic 

has resulted in an unprecedented global catastrophe killing millions of individuals and resulting 

in an unparalleled period of economic downturn. Numerous studies have confirmed the 

presence of SARS-CoV-2 on mobile phones [10] [11].  

 

I have hypothesized in our scoping review and subsequent publications that mobile phones 

could be in part responsible for the propagation of the virus globally. Back in 2020 and up to 

now, photos, documentaries and television broadcasts show the extent of SARS-CoV-2 

infections occurring in boat cruses, airports, and planes. Images of people landing and exiting 

the arrival ports with mobile phones on hands are commonly seen while no attention or control 

measures have been in place to verify the cleanliness of such devices. Research has 

demonstrated that SARS-CoV-2 can survive on mobile phone surfaces for up to 28 days [12]. 

With this research finding, I can assume that SARS-CoV-2 sickened individuals (symptomatic 

or not), would shed viral particles whether by hands or by droplets (while talking over their 

mobile phones). This hypothesis is most probable and means that possibly contaminated mobile 

phones from carriers of the virus, would pose not only a risk for co-passengers but a 

biosecurity/public health risk for the country where these carriers will land. Researchers are 

continuing to highlight the potential impact of mobile phones as vectors for SARS-CoV-2 

transmission [13] [14]. Furthermore, a new 2021 study has demonstrated that mobile phones 

can be used as a screening tool for confirm COVID-19 positive cases. The research team has 

developed a robust protocol, phone screening test (PoST) which detects SARS-CoV-2 positive 

smartphone screens through RNA RT-PCR [15]. In addition, the biosecurity threat is 

maximized since mobile phones are platforms of viable fungi, protozoa, bacteria, and viruses. 

The paucity of sanitization of such devices, coupled with the fact that they are carried 

everywhere and dynamically contaminated by the owner and his/her surrounding while touched 

as a ‘high touch’ screen device; all warrant for caution and necessitates action to curve down 

the dissemination of microbes worldwide. Measures and regulations associated with the 

possible threats that mobile phones pose for biosecurity should be urgently addressed. The 

impact on public health and biosecurity may be astronomical but still undetected. To date 
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(March 2022) with only one virus (SARS-CoV-2), there has been 440 million confirmed 

COVID-19 cases resulting in 6 million deaths worldwide. Specifically, Australia has 

experienced a total of 3.26 million cases and 5269 deaths from the virus [16]. It is estimated by 

the International Monetary Fund that the COVID-19 pandemic has resulted in $28 trillion in 

lost economic output, being described as the worst world crisis since the Great Depression [17]. 

Whilst the global fiscal support of approximately $12 trillion has aimed to soften the impact 

and prevent a financial catastrophe, almost all countries have experienced negative economic 

growth resulting in severe setbacks lowering the average standard of living across all country 

groups. In addition, the different genetic lineages and variants of the SARS-CoV-2 virus which 

have continued to circulate the globe demonstrate extensive virulence capabilities. Currently, 

the variants being monitored include Alpha (B.1.1.7 and Q lineages), Beta (B.1.351 and 

descendent lineages), Gamma (P.1 and descendent lineages), Epsilon (B.1.427 and B.1.429), 

Eta (B.1.525), Iota (B.1.526), Kappa (B.1.617.1), 1.617.3, Mu (B.1.621, B.1.621.1) and Zeta 

(P.2). Whilst the main variants of concern include Delta (B.1.617.2 and AY lineages) and 

Omicron (B.1.1.529 and BA lineages) [18]. Particularly, when comparing the Delta and Alpha 

strains, delta spreads at a 50% faster rate and is 50% more contagious. This outlines a worsening 

situation of transmissibility as the original SARS-CoV-2 virus reported a R0 (R naught) value 

of 2.4-2.6 whilst the Delta variant was 5-8, indicating that up to 8 individuals can become 

infected from a single case of Delta [19]. Currently there is limited data on the rapid 

transmissibility potential of Omicron, however, the fundamental message is that some variants 

of this virus show a higher propagation rate and transmissibility. Further research is warranted 

to investigate whether Omicron or other variants have greater ability to attach to personal 

mobile phones and remain viable.   

 

Overall, due to the intrinsic features of mobile phones enabling the optimum conditions for 

microbial survival, coupled with their constant contact with hands and acting as an essential 

tool for everyday life, these devices can be ‘Trojan Horses’ for the dissemination of microbes 

around the world.  

 

 

 

 

 

198



   
 

 
 

9.2.3 IMPLICATIONS OF RESEARCH 

Extent of microorganism identification  

Using next generation sequencing and incorporating a metagenomic approach to identify 

microorganisms present on mobile phones, most of the microbiome of these devices has been 

uncovered except for RNA viruses. Previous studies and available literature concerning 

identification of microorganisms on mobile phones have relied on traditional methods of 

microbial identification including culture-based growth followed by PCR to identify individual 

colonies. This approach has several limitations which include the specific agar plates which 

either encourage and/or inhibit the growth of specific microorganisms which ultimately fails to 

capture the complete list of every organism present on a swab sample taken from a mobile 

phone. Additionally, the use of PCR is designed to target a specific region of a piece of nucleic 

acid commonly present in a specific microorganism species to confirm that presence of such 

species. This technique however not only limits the range of potential species that can be 

uncovered but also requires specific primers and prior knowledge of what to expect and 

therefore what to target to replicate and identify the microorganism.  

 

More advanced sequencing techniques such as 16S rRNA sequencing enables the identification 

of a much greater range of microorganisms, however this technique also includes major 

limitations. Firstly, the technique is unable to differentiate between all bacterial taxa as some 

bacteria contain identical 16S sequences (e.g., Bacillus cereus and Bacillus anthracis), however 

they can be clearly distinguishable biochemically and by DNA homology. This has resulted in 

resolution issues at the genus and/or species level for a variety of groups including Enterobacter 

and Pantoea, fast-growing mycobacteria, the Acinetobacter baumanni-A. calcoaceticus 

complex, Achromobacter, Stenotrophomonas and Actinomyces [20]. Fundamentally, when 

exploring the range of microorganism’s present, 16S sequencing only focuses on bacteria 

strains and therefore does not encompass the entire microbiome of microorganisms present on 

a sample. This key different is what separates next generation sequencing from previous 

identification techniques as the entire population of all microorganisms can be uncovered by 

taking a metagenomic approach to organism identification. Not only are bacteria uncovered, 

but also viruses (including both DNA and RNA species), fungi, protozoa, and bacteriophages 

(bacterial viruses). Furthermore, whilst the total count of all microorganisms present in a sample 

can be identified, next-generation sequencing uncovers the entire microbiome which includes 

both the microorganism and the genes that are present in a sample. This enables advanced 

199



   
 

 
 

converge of Antibiotic Resistant genes and Virulence Factor genes. Identifying these genes 

provides further information concerning the nature of the microorganisms present and provides 

complete comprehension of the resistome.  
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9.3 Future Directions 
 

9.3.1 CURRENT AND FUTURE INVESTIGATIONS 

My research team has recently performed a new study overseas (Dubai) as a replication study 

to my direct metagenomic sequencing study (Chapter 6; Study 4) to highlight differences in 

the microbiome of mobile phones of health care staff in a different geographical region. The 

idea that mobile phones harbour different microorganism depending on the geographical 

location was first hypothesised in my scoping review (Chapter 3; Study 1) and therefore it is 

important to confirm this hypothesis. Now in publication to Frontiers in Cellular and Infection 

Microbiology, our work entitled “Metagenomic sequencing and reverse transcriptase PCR 

reveal that mobile phones are reservoirs of multidrug resistant superbugs and SARS-CoV-2” 

has demonstrated that in a hospital within United Arab Emirates (UAE), the contamination of 

mobile phones shows the presence of virulent microbes (viruses, bacteria, fungi) and extensive 

antimicrobial resistance (Figure 1). Particularly, Pseudomonas aeruginosa bacteria, showed a 

large predominance in samples and harboured a plethora of antibiotic resistant genes, virulence 

factor genes with evidence of extensive biofilm formation [21].  
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Figure 1. Research collaboration manuscript, “Metagenomic sequencing and reverse 

transcriptase PCR reveal that mobile phones are reservoirs of multidrug resistant superbugs 

and SARS-CoV-2.” 

Boucherabine S, Nassar R, Zaher S, Mohamed L, Olsen M, Alquatami F, et al. Metagenomic 

sequencing and reverse transcriptase PCR reveal that Mobile Phones and environmental 

surfaces are reservoirs of multidrug resistant superbugs and SARS-CoV- 2. Frontiers in Cellular 

and Infection Microbiology 2022 Jan 24,. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 

License (CC BY) (https://creativecommons.org/licenses/by/4.0/) 



   
 

 
 

Additionally, a second study has been completed in the UAE to determine the hygiene habits 

of healthcare workers and their mobile phones. This study is a replication of my survey study 

(Chapter 5; Study 3) and builds upon my work with additional questions added to the survey 

to determine whether healthcare workers are aware that their mobile phones could aid in the 

transmission of SARS-CoV-2 (Figure 2). Now published in Infection, Disease and Health by 

Elsevier, an international scientific journal, our work entitled “Mobile phones as fomites for 

pathogenic microbes: A cross-sectional survey of perceptions and sanitization habits of health 

care workers in Dubai, United Arab Emirates” encompasses a large n-number of 377 healthcare 

personal and demonstrates that participants are aware of the potential risks of microbial 

dissemination from their mobile phones [22]. Furthermore, the COVID-19 pandemic has 

elevated the infection control standards with healthcare workers having a greater desire to 

implement UV-C based mobile phone sanitisation stations to prevent transmission of infectious 

agents. 
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Figure 2. Research collaboration manuscript, “Mobile phones as fomites for pathogenic 

microbes: A cross-sectional survey of perceptions and sanitization habits of health care 

workers in Dubai, United Arab Emirates.” 

 

Albastaki A, Olsen M, Almulla H, Nassar R, Boucherabine S, Mohamed L, et al. Mobile phones 

as fomites for pathogenic microbes: A cross-sectional survey of perceptions and sanitization 

habits of health care workers in Dubai, United Arab Emirates. Infection, Disease & Health.  

This is an open-access article distributed under the terms of the Creative Commons Attribution 

License (CC BY-NC 3.0) (https://creativecommons.org/licenses/by-nc/3.0/) 
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Finally, a third study has been undertaken in the UAE to sample both mobile phones and smart 

watches. Now published in Infection and Drug Resistance, our work entitled “Healthcare 

derived smart watches and mobile phones are contaminated niches to multidrug resistant and 

highly virulent microbes”, demonstrate that microbial communities found in these surfaces are 

relatively similar (Figure 3) [23]. Further studies are underway with fingers of medical staff 

owning these devices that were sampled. This study is aimed at demonstrating the dissemination 

route of microbes between hands and touch screens.  
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Figure 3. Research collaboration manuscript, “Healthcare derived smart watches and mobile 

phones are contaminated niches to multidrug resistant and highly virulent microbes.” 

Boucherabine S, Nassar R, Mohamed L, Olsen M, Alqutami F, Zaher S, et al. Healthcare 

Derived Smart Watches and Mobile Phones are Contaminated Niches to Multidrug Resistant 

and Highly Virulent Microbes. Infection and Drug Resistance 2022 Aug 17,;15:5289–5299 

This is an open-access article distributed under the terms of the Creative Commons Attribution 

License (CC-BY-NC-ND) (https://creativecommons.org/licenses/by-nc-nd/4.0/) 



   
 

 
 

9.3.2 TOUCH-SCREEN DEVICES AS FOMITES 

Fundamentally, mobile phones can be described as the ultimate fomite with the highest rate of 

contamination with pathogens on its surface, however there are range of high-touch devices 

that have become ubiquitous in healthcare and community settings. Smartwatches are also 

heavily relied upon by healthcare staff as a means of sending and receiving important routine 

information. Additionally, integrated electronic medical records are beginning to be rolled out 

and implement in hospitals to track, record, and access the medical history of patients. The 

device consists of a large touch-screen surface which provides ample room for microorganisms 

to thrive on the surface. Furthermore, these devices are transported between patient-to-patient 

and ward-to-ward allowing an effective vehicle for microbial transmission. Outside of the 

healthcare setting, ‘high-touch’ surfaces are becoming much more integrated into modern 

society and will eventually dominate our lifestyles due to their ‘user-friendly’ and intuitive 

approach to interaction. ATM machines, POS machines, eftpos card readers, retail-based touch 

screens, grocery self-checkout machine (as seen at McDonald’s, Woolworths/Coles etc.), iPads, 

smartwatches, sign-in screens, car control panels, GPS devices, car stereo, tablets, airline 

multimedia entertainment headrests, e-books, handheld game consoles (e.g. Nintendo Switch), 

touch-screen printer, ticket machine (e.g. boat cruises, food-industry etc.), electronic 

whiteboards and arcade machines are just some examples of high-touch surfaces readily 

available and frequently used by all. 

 

9.3.3 RNA VIRUS IDENTIFICATION 

From the work completed in this PhD, it is evident that an abundance of bacteria, viruses, fungi, 

protozoa, bacteriophages (bacterial viruses) in addition to virulence factor and antibiotic 

resistant genes have been uncovered and are present on mobile phones. The main limitation of 

the microorganisms identified is the lack of RNA viruses. Separate from this thesis, the only 

RNA virus confirmed to be present on mobile phones, by my research team, is SARS-CoV-2. 

Future studies would focus on identifying the spectrum of RNA viruses from mobile phones. 

This can be completed by first extracting RNA from mobile phone-derived swab samples. The 

isolated RNA could then be processed through the transcriptomics pipeline that has been used 

to complete DNA sequencing in our studies. This process would involve using the TruSeq 

stranded total RNA library prep kit followed by ribosomal RNA depletion using the Ribo Zero 

kit. This process contains a cDNA synthesis step followed by PCR which would allow for 

sequencing of cDNA and subsequent identified of RNA viruses. My research team has begun 
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to characterise the RNA microbial populations on mobile phones by first confirming the 

presence of the SARS-CoV-2 virus on a mobile phone of a healthcare worker working in a 

fever clinic. In 2021, my research team presented an abstract of our findings to the World 

Microbe Forum demonstrating that SARS-CoV-2 is present on mobile phones and that mobile 

phones are likely facilitating the rapid spread and dissemination of SARS-CoV-2 (see Figure 

4 below). 

 
Figure 4. Abstract presentation at the World Microbe Forum, “SARS-CoV-2 Contamination of 

Mobile Phones and Environmental Surfaces: A Point Prevalence Survey in An Emergency Care 

Unit”. 
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9.4 Author’s Recommendations 
 

Global mobile phone/smartphone cleaning awareness campaign  

Currently, the World Health Organisation operates an effective large-scale hand hygiene 

campaign as a means of encouraging handwashing through the five stages of hand hygiene. 

Whilst this initiative aims to prevent the spread of infectious disease via contact with hands the 

impact mobile phones as fomites completely counteracts the efforts employed to reduce 

infection. The speed of technology and innovation has enabled a seamless transition of high-

touch devices in healthcare and community settings, which pathogenic microorganisms have 

hijacked to continue their evolution towards unstoppable multi-drug resistant superbugs. 

Mobile devices and smartphones have become our ‘third hand’ and gained access to our most 

vulnerable populations of immune-compromised individuals resulting in not only a loss of lives, 

but of economic resources that is used to treat patients who acquire a HAI of CAI.  

 

Furthermore, to provide a practical and sustainable solution, simply washing one’s hands after 

touching their mobile phone does not achieve either objective. Firstly, individuals spend on 

average 3.5 hours per day on their mobile phones and touch their devices up to 5000 times 

which leaves a tremendous amount of handwashing required to prevent cross-contamination 

between mobile phones and hands. Effective handwashing requires at least 2.2L of water and 

must last at least 20-30 seconds with hospital-grade soap.  

 

To put this in perspective within a healthcare setting, the 5-moments of hand hygiene currently 

required staff to wash their hands 5 times per interaction with a patient and if a healthcare 

worker is facilitating 10 patients per day, then the minimum requirement is 50 instances of 

washing hands. This would equate to 110L and 16–25 minutes per day per staff member. Now 

if we consider the role of mobile phones as bypassing the gold standard handwashing practise 

and adjust the calculations to prevent these devices from cross-contaminating hands, it will 

equate to (2.2L of water x 5,000 instances of handwashing) and (5,000 touches x 30 seconds 

handwashing). This ultimately results in 11,000L of water and 41 hours of hand washing per 

person which is simply impossible. Furthermore, to be effective in infection control this would 

have to apply for all healthcare staff who use their mobile phones as essential tools to carry out 

their daily work routines. Additionally, the costs associated with the amount of water, soap and 

paper towels required to fulfill the handwashing requirements is not sustainable.  
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Legislation and regulation of mobile phone use in healthcare settings 

The COVID-19 pandemic has truly brought infection control to the front lines as one of the top 

health issues that needs to be addressed to safe-guard the future of mankind. Whilst the 

pandemic continues to impact people of all walks of life, there is a greater issue that has 

continued to emerge and must be prevent from completely disarming our defences against 

infection. The rise of antibiotic and antimicrobial resistance is the most dangerous challenge 

currently facing the human population. There is simply not one solution that can safeguard 

humans and prevent the dominance of ‘superbugs’ but a multi-factorial approach may give us 

an edge in the race against these ‘invisible enemies’. Mobile phones provide the opportunity 

for nosocomial and community-acquired pathogens to gain additional antibiotic and virulence 

factor genes that enhance their development and evolution to the point of becoming multi-drug 

resistance organisms and even forming biofilms on the surface of mobile phones. Implementing 

strong policies and legislation towards mobile phone decontamination and limiting the use of 

devices in high-risk settings will prevent multi-drug resistant organisms from cross-

contaminating hands and ultimately prevent transmission to susceptible individuals.  

 

Implementation of mobile phone UV-C sanitisation stations  

The only practical and sustainable solution to this issue is through ultraviolet-C sanitisation. As 

demonstrated in Chapter 8; Study 6, commercial-grade mobile phone sanitisers provide 

suboptimal efficacy with colony growth from mobile phone derived swabs following extended 

UV-C exposure. Moreover, industrial-grade ultraviolet-C sanitisation devices provide an 

efficient and effective method of phone sanitisation with high efficacy, sustainability, and 

longevity.  

 

The use of mobile phones should be restricted in areas of high concern of cross-contamination. 

Mobile phones should not be used in operating theatres, during surgical procedures, in 

restrooms or toilets, or when handling or preparing food. Infection surveillance should be 

practised in community and hospital settings where mobile phones are in high use. Access to 

industrial-grade ultraviolet-C sanitisation devices should be made available in airports with 

passengers required to pass their phones through these sterilisation devices as they enter and 

exit different countries and locations.  
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9.5 Conclusion 
 

1. The scoping review provided a comprehensive overview of mobile phone contamination 

research from 2006-2019. Overall, the review represents a snapshot of published works 

highlighting microorganisms found on mobile phones in different countries and provides 

an overview of commonly identified microbes in both healthcare and community settings. 

a. 56 studies were analysed from 24 different countries. 

b. 68% of mobile phones are contaminated with microorganisms.  

c. Mobile phones used in healthcare settings displayed higher amounts of 

antimicrobial resistance compared to mobile phones from community settings.  

d. Mobile phones may be responsible for the rapid spread and dissemination of the 

novel SARS-CoV-2 virus. 

 

2. The first hospital-based cross-sectional study demonstrated: 

a. There was an abundance of viable microorganisms in addition to antibiotic resistant 

genes and virulent factor genes identified and characterised into 5 data categories. 

In total, there were 1433 bacteria, 112 fungi, 734 viruses (bacteriophages), 520 

antibiotic resistant genes and 1258 virulence factor genes identified across 30 

mobile phones from healthcare professionals working in 3 different wards (NICU, 

PICU and PED).  

i. Bacteria: The top recurrent bacteria across all 30 phones of this hospital-

based study consisted of Staphylococcus aureus, Micrococcus luteus, 

Staphylococcus hominis, Staphylococcus epidermidis, Staphylococcus 

saprophyticus, Staphylococcus capitis, Acinetobacter baumannii, Bacillus 

cereus, Pseudomonas aeruginosa, Staphylococcus haemolyticus, 

Staphylococcus warneri and Enterobacter cloacae.  These microbes were 

found in high numbers in hospital wards from healthcare staff are known to 

cause various life-threatening complications in immunocompromised people 

with particular emphasis on patients of intensive care units. 

ii. Fungi: 86% of all studied phones were contaminated with fungal 

microorganisms. 100% of the PICU and NICU phones and 80% of the PED 

phones were contaminated with fungi. 
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iii. Bacteriophages: Staphylococcus aureus were the most common phages 

identified, followed by Salmonella virus, Escherichia virus, Bacillus viruses, 

Enterobacterial phage, Acinetobacter phage and pseudomonas virus.  

iv. Antibiotic Resistance: The efflux pumps, beta-lactam resistant genes, 

macrolides and aminoglycosides were the most important pool of genes 

identified.  

v. Virulence Factors: Genes for Staphylococcus aureus, Enterobacter 

aerogenes, Staphylococcus lentus, Bacillus anthracis and Klebsiella 

pneumoniae were the most common with Staphylococcus aureus accounting 

for more than half of the total gene pool.  

b. The mobile phones from NICU demonstrated a significant difference of antibiotic 

resistance when compared to the other two wards (PICU and PED). Additionally, 

NICU showed the highest average number of Staphylococcus aureus associated 

Virulence Factor genes (av=56.6/phone) compared to the other two wards (PICU 

av=10.8/phone; PED av=14.8/phone). 

c. In terms of hygiene habits uncovered through the questionnaire survey, mobile 

phones that had been cleaned at some point in time did not show bacterial richness 

differences compared to the staff members who had never cleaned their phones.  

 

3. The hospital-based survey study demonstrated: 

a. The hygiene habits of individuals and their use of mobile phones in the professional 

setting allows these devices to become contaminated. In total, there were 165 

healthcare workers who participated in this survey with 45% of participants working 

in the GP, 23% from the PICU, 15% from NICU and 15% from PED. 

b. 80% of participants claimed to use their personal mobile phones for work-based 

activities and 87% believed that their mobile phones were essential tools for their 

job. 

c. 52% of participants admitted to using their mobile device in the bathroom and 57% 

claimed to have never cleaned their mobile phone.  

d. 98.7% of participants believed that their phones could harbour microorganisms. 

e. Through the Chi-Squared Test for Independence, we determined that occupation 

does influence the hygiene habits of healthcare workers regarding their mobile 

phone use in bathrooms as well as the frequency with which participants cleaned 

212



   
 

 
 

their devices. Other demographic attributes such as age and sex did not influence 

hygiene habits or device cleaning.   

 

4. The community-based pilot study demonstrated: 

a. There was an abundance of viable microorganisms in addition to antibiotic resistant 

genes and virulent factor genes identified across five (5) community-based mobile 

phones and characterised into 6 data categories. In total there were 235 bacteria, 8 

fungi, 5 protists, 53 bacteriophages, 52 antibiotic resistant genes and 318 virulence 

factor genes.  

i. Bacteria: 165 Gram-positive and 70 Gram-negative bacteria were 

identified. Clinically relevant bacteria uncovered include Coagulase-

negative Staphylococci, Staphylococcus aureus, Listeria monocytogenes, 

Bacillus cereus and Enterococci spp.  

ii. Fungi: 8 fungal species were identified with Malassezia restricta as the most 

dominate species (accounting for 25%). 

iii. Protists: 5 different protists were uncovered with human pathogens 

belonging to the Sarcodina group. Of note, this is the first study to report the 

presence of protozoa on mobile phones and the presence of Entamoeba 

histolytica is of high concern as this protozoan is associated with intestinal 

infections causing deep intestinal bleeding as well as extra-intestinal 

infections such as amoebic brain encephalitis.  

iv. Bacteriophages: 53 phages were identified with staphylococcus species 

representing more than half of the total pool (58.5%), followed by 

Propionibacterium phages (11.3%) and Lactococcus phages (5.6%).  

v. Antibiotic Resistance: The most common antibiotic resistance genes 

identified include macrolide resistance, beta-lactam-resistance, and finally 

MDR-Efflux-Pump inhibitors.  

vi. Virulence Factors: 96% of the virulence factor genes identified were 

associated with Staphylococcus aureus.  

 

5. The second hospital-based cross-sectional study demonstrated: 

a. There was an abundance of microorganisms in addition to antibiotic resistant genes 

and virulent factor genes identified and characterised into 8 data categories. In total, 
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there were 5715 bacteria, 675 fungi, 93 protists, 320 viruses, 23 respiratory viruses, 

4456 bacteriophages, 560 antibiotic resistant genes and 1536 virulence factor genes. 

i. Bacteria: 1307 different strains of bacteria were identified. Clinically

relevant pathogenic bacteria identified include all ‘ESKAPE’ pathogens

which are known to cause nosocomial diseases. Community-acquired

pathogenic bacteria were also identified and include the ‘HACEK’.

ii. Fungi: 123 different strains of fungi were identified with the most common

belonging to the phylum Ascomycota and Basidiomycota.

iii. Protists: 12 different types of protists were identified. several amoebae of

the protozoal group Sarcodina were identified including Acanthamoeba

polyphaga, Acanthamoeba palestinensis, Naegleria fowleri, Entamoeba

dispar, Entamoeba histolytica.

iv. Viruses: 87 different viruses were identified. Seven different human herpes

viruses and seven clinically relevant pathogenic human polyomaviruses

were identified. Nine different animal retroviruses known to cause cancer

were identified. Finally, plant and insect viruses were also identified with

the most common being Tobacco vein clearing virus.

v. Bacteriophages: 512 different types of bacteriophages were identified with

the most common being Propionibacterium virus, Streptococcus virus,

Lactococcus virus, Staphylococcus virus, Pseudomonas virus.

vi. Antibiotic Resistance: 134 different types of antibiotic resistant genes were

identified. The most common genes include beta-lactams (32 genes),

aminoglycosides (26 genes), Macrolides (19 genes), efflux pumps (17 genes)

tetracycline (13 genes) and pump-regulator genes (13 genes).

vii. Virulence Factors: 419 different types of virulence factor genes were

identified. The most identified genes belonged to Klebsiella pneumoniae,

Proteus mirabilis, Enterococcus faecalis, Enterococcus faecium,

Streptococcus pyogenes, Staphylococcus epidermidis, Staphylococcus

lentus and Staphylococcus aureus.

6. The mobile phone sanitisation evaluation study demonstrated:

a. Commercial-grade mobile phone sanitisers provide a suboptimal UV-C sanitisation

capabilities which may provide a false sense of security to consumers as microbial
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growth is still present on mobile phones after extensive use even beyond the 

manufacturers time recommendation.  

b. There is a highly effective solution to prevent mobile phones acting as potentially

hazardous fomites. The Glissner CleanPhone sanitisation device provide a quick and

fast sanitation time with high safety certifications, optimal dose of UV-C and power

with high UV-C penetration.
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9.6 Final Remarks 

With billions of phones in circulation, in the hands of billions of users with such devices soiled 

dynamically with all sorts of microbes, it is time for global public health organisations such as 

WHO and CDC to act and to take this matter seriously considering all scientifically published 

evidence that these devices are active fomites. Mobile phones are ‘Trojan Horses’ possibly 

vectoring and disseminating microbes worldwide (especially by the means of modern 

transport). The future of the success of public health’s (and biosecurity) is undoubtedly 

technologically driven. Immediate attention to sanitise contaminated mobile phones of 

microbes must be undertaken frequently by all users with the implementation for example of 

safe, robust, certified industrial based UV-C phone sanitisers or efficient alternatives. 

Today in our modern age, smartphones have gripped our hands to become what many consider 

to be a “third hand” and an extension of ourselves. Whether it be in the professional working 

sectors, or our everyday lives, mobile phones and smartphones have integrated themselves and 

formed a parasitic form of symbiosis with the human population as they carry dangerous germs 

and are never sanitised. In the 1800’s Ignaz Semmelweis was the pioneer of the antiseptic 

procedures and is considered the grandfather of handwashing. However, it was only after his 

death when true recognition of the importance of handwashing was established. Today in the 

21st century, with the advent of high touch screen mobile phones and smartphones, these devices 

when contaminated with microbes and un-sanitised are negating handwashing. As an extension 

of our hands or our ‘third hand’, there is a dire need to mitigate such cross contamination from 

phones. While using hygienic methods are paramount, sanitising our ‘third hand’ must be 

undertaken simultaneously. If I may say, if Dr Ignaz Semmelweis was alive today, his message 

to the world would most likely be to clean mobile phones for better public health for everyone. 
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REMEMBER, IT’S IN YOUR HANDS! 
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Appendix C – Participant Information Statement and Consent Form 

(1) What is the study about?

a) Purpose of the Study:
You are invited to participate in a study entitled ‘Smartphones as Contaminated 
Platforms for Transmission of Nosocomial Infections’. My name is Matthew Olsen 
and I am currently completing a PhD at Bond University in collaboration with 
Researchers from Gold Coast University Hospital & Griffith University,  

My research investigation is in the field of public health and microbiology where I 
am specifically interested in the transmission of pathogenic microorganisms in our 
society. Mobile/smart phones have become an essential tool in daily life including 
our work environment, We wish to find out the diversity of microorganisms present 
on the surface of mobile phones which are known to harbour microorganisms.  

b) Why you’ve been selected as a potential participant for our study?
You were selected as a potential participant because you are over 18 years and 
either visiting or working at the Gold Coast University Hospital, in or around the 
paediatric ward on the day of sampling. We are interested to see if there are any 
specific types of microorganisms more or less likely to be present in a clinical 
setting compared to a non-clinical setting. 

c) What benefits may reasonably be expected from my participation?
While there are no direct benefits to you from your participation, it is anticipated 
that your data will contribute to a better understanding of the microorganisms 
present on mobile/smart phones. It is anticipated that this data will lead to a safer 
and healthier environment.  

d) Are there any discomforts, inconveniences and potential risks that I may
experience?

There are no discomforts or inconveniences involved in participation in this 
negligible risk research project. Data collected is non-identifiable, so your privacy 
is protected. Some questions on the questionnaire may be of a personal nature 
but, since we will not collect any identifying information from you, your privacy 
and anonymity are assured.  

(2) Who is carrying out the study?
The research is being conducted by myself, Matthew Olsen, PhD student at
Bond University under the supervision of Associate Professor Lotti Tajouri,
Professor Peter Jones, Child Health Gold Coast University Hospital, Dr,
Rashed Alghafri, Bond University (external supervisor), Assistant Professor
Anna Lohning and Dr. Peter Jones from Bond University in collaboration with
colleagues from Gold Coast University Hospital.
The research studies contribute to Matthew Olsen’s studies for the award of
the PhD degree course being undertaken at Bond University.

(3) What does the study involve?
As a participant in this study, you will be involved in activities such as
questionnaires, and allowing us to take a swab of your mobile/smart phone.
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(4) How much time will the study take?
Participation will involve 10 minutes of your time which will be undertaken
during the handover period. The questionnaire should take around 5 minutes
to complete while allowing another 5 minutes for us to take the swab of your
mobile phone.

(5) Will I incur any costs by participating in the study?
No cost to you is involved.

(6) Can I tell other people about the study?
There are no limitations about telling other people about the study.

(7) Will I receive the results of the study?
Not directly. Results from this study will be collated and published as group
data in peer-reviewed scientific journals.

(8) Confidentiality and disclosure of information
Information obtained in connection with this study is anonymous and
therefore you are not able to be identified.

(9) Can I withdraw from the study?
Participation in this study is voluntary - you are not under any obligation to
consent and, if you do consent to participate, you can withdraw at any stage
without affecting your relationship with Gold Coast University Hospital in any
way. You can withdraw your consent by advising the researcher either
verbally or simply leave the Handover session after the introductory talk. If
you consent to participate, and subsequently wish to withdraw, provided it is
still within the same Handover period while researchers are still collecting
data, your responses and swab will be destroyed. Should you wish to
withdraw after this time your responses and swab cannot be withdrawn.

(10) How can I obtain further information?
When you have read this information I, Matthew Olsen
(matthew.olsen@student.bond.edu.au) or the other members of the research
team will discuss it with you further and answer any questions you may have.
If you would like to know more at any stage, please feel free to contact either
myself or my Principle Supervisor, Lotti Tajouri, Associate Professor at Bond
University, (07 5595 1148)

(11) What can I do if I have a complaint or a concern?
Any concerns or complaints about the conduct of this study should be directed
to the:

HREC Coordinator 
Gold Coast University Hospital 
1 Hospital Boulevard 
SOUTHPORT   QLD   4215  
Email: GCHEthics@health.qld.gov.au 
Phone:  (07) 5687 3879 

Research Governance Leader 
Gold Coast University Hospital 
1 Hospital Boulevard 
SOUTHPORT   QLD   4215 
Email: GCHResearch@health.qld.gov.au 
Phone: (07) 5687 3880 

Any complaint will be investigated promptly and you will be informed of the 
outcome. 
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