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Abstract
Mobile phones (MPs) are potential reservoirs of nosocomial bacteria, but few data are available concerning viruses. We aimed to evaluate the

presence of virus RNA from epidemic viruses including metapneumovirus, respiratory syncytial virus, influenza viruses, rotavirus (RV) and

norovirus on the MPs used by healthcare workers (HCWs) and to relate it to hygiene measures. An anonymous behavioural

questionnaire about MP use at hospital was administered to the HCWs of four adult and paediatric departments of a university hospital.

After sampling personal (PMP) and/or professional MPs (digital enhanced cordless telephone, DECT), virus RNAs were extracted and

amplified by one-step real-time reverse transcription–quantitative PCR. The molecular results were analysed in a masked manner in

relation to the behavioural survey. Questionnaires from 114 HCWs (35 senior physicians, 30 residents, 32 nurses, 27 nurses’ assistants)

working either in adult (n = 58) or paediatric (n = 56) departments were analysed. Medical personnel used their PMP more frequently

than paramedical HCWs (33/65 vs. 10/59, p <0.001). MPs were used during care more frequently in adult wards than in paediatric ones

(46/58 vs. 27/56, p <0.001). Virus RNA was detected on 42/109 (38.5%) collected MPs, with RV found on 39, respiratory syncytial virus

on three and metapneumovirus on one. The presence of virus RNA was significantly associated with MPs from the paediatric HCWs

(p <0.001). MPs routinely used in hospital, even during care, can host virus RNA, especially RV. Promotion of frequent hand hygiene

before and after MP use, along with frequent cleaning of MPs, should be encouraged.
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Keywords: Epidemic viruses, healthcare workers, hospital-acquired infections, mobile phones

Original Submission: 6 October 2015; Revised Submission: 4 December 2015; Accepted: 10 December 2015

Editor: D. Raoult

Article published online: 20 December 2015
Clin
©
htt
Presented in part at the 17th annual meeting of the European Society
of Clinical Virology, September 2014, Prague, Czech Republic
Corresponding author: E. Botelho-Nevers, GIMAP EA 3064
(Groupe Immunité des Muqueuses et Agents Pathogènes), University
of Lyon, 42023 Saint-Étienne, France
E-mail: elisabeth.botelho-nevers@chu-st-etienne.fr
Introduction
Mobile phones (MPs) are becoming commonplace in both
community and hospital settings. More than 50% of healthcare

workers (HCWs) admit using MPs (either personal or
Microbiol Infect 2016; 22: 456.e1–456.e6
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professional devices) in their clinical environment and practice,
including during physical contact with patients [1–4]. The use of

MPs can improve the quality, rapidity and efficiency of
communication in healthcare settings [1].

Bacterial contamination on these devices has been described
[1], with up to 25% of MPs being found to be contaminated [5].
Nosocomial bacteria such as methicillin-resistant Staphylococcus

aureus, Acinetobacter species, vancomycin-resistant enterococci,
Pseudomonas species and coliforms have been retrieved from

MPs [2,5–7]. These devices may thus serve as a reservoir of
bacteria known to cause nosocomial infections [4,5] and may

play a role in their transmission to patients through the hands of
HCWs [8]. Adequate hand hygiene as well as device cleaning
Ltd. All rights reserved
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and disinfection could decrease this risk. Unfortunately, as re-

ported in reviews about this topic [4,5], HCWs do not regu-
larly apply hygiene procedures such as regular cleaning of their

mobile devices and do not perform hand hygiene before or
after their use, even though most physicians are aware that

these devices could carry pathogenic microorganisms [9].
In contrast to bacterial contamination, evidence of viral

contamination of MPs such as digital enhanced cordless tele-

phones (DECTs) or personal mobile phones (PMPs) are, to our
knowledge, lacking. However, epidemic viruses such as influ-

enza viruses, rotavirus (RV) and norovirus (NV) have been
shown to be able to adhere and contaminate inert surfaces as

well as medical devices close to the patients’ environment
[10–12]. NV and RV were shown to be particularly resistant;

they can survive for weeks, even months, on surfaces and in the
hospital environment [11,13–16]. Contamination of hospital
surfaces by these viruses may therefore play a role in noso-

comial epidemics [11,13]. Respiratory viruses have been shown
to persist on surfaces for a few days [14,17], with a potential

role in nosocomial transmission, as emphasized during the se-
vere acute respiratory syndrome epidemic of 2003 [18].

Epidemic viruses have already been retrieved from electronic-
device surfaces such as keyboards, computers and telephone

handsets [10,12,17,19–21]. However, the viral contamination
of HCW MPs using up-to-date methods has not been studied.

The aims of this study were (a) to evaluate the contamination
of MPs by epidemic viruses including RV, NV, influenza A and B
viruses, syncytial respiratory virus (RSV) and metapneumovirus

(hMPV) in clinical settings, (b) to evaluate the behaviour of
HCWs using their MPs in our center by using a blindly recor-

ded questionnaire and (c) to correlate viral contamination of
MPs with the behaviour of HCWs.
Materials and Methods
The study took place at the University Hospital of Saint-Étienne,
France, from January to March 2013, i.e. the period of circu-

lation of epidemic viruses (influenza viruses, RSV,
gastroenteritis-associated viruses) in our setting [22] (personal

data). HCWs of the paediatric and adult emergency rooms, as
well of those of the general paediatric and the infectious dis-
eases departments, were involved. The term ‘mobile phones’

was used to indicate both PMPs and DECTs. Physicians and
residents were considered to be medical staff (n = 55); nurses

and nurses’ assistants were considered to be paramedical
HCWs (n = 59). The design of the study is summarized in Fig. 1.

Medical students were excluded from the survey, but because
the sampling of MPs was performed in their unit during the

study, we also sampled their PMPs. None of the HCWs
© 2015 European Society of Clinical Microbiology and In
declared or presented signs of epidemic viral infection at the

time of MP sampling.

Behavioural patterns in the use of MPs by HCWs
Each department was visited twice by SP and EBN during the study

period. A questionnaire was administered to all HCWs in the
visited departments, without previous information about the study

being provided. Participants were volunteers and answered anon-
ymously; they all agreed that the MPs they used could be sampled.

General data about the use of PMPs or DECTs during work were
recorded, such as using the device close to patients, using an
alcohol-based hand rub before and after use and cleaning the MPs.

Sampling of MPs
The MPs were wiped with a 480CE e-swab (Copan, Brescia,

Italy), and the swabs, placed in transport medium, were frozen
at −80°C before virologic analysis. When HCWs used PMPs

and DECTs at hospital, both MPs were sampled. In some cases,
several HCWs shared one DECT; in this situation, the DECT

was sampled once. PMPs were sampled only if used at hospital.

Detection of virus RNA on MPs
A volume of 200 μL of transport medium was extracted by

using the Specific B protocol on the NUCLISENS easyMAG
instrument (bioMérieux, Marcy l’Etoile, France). The elution

volume was 50 μL. The amplification step was performed
immediately after extraction, without freezing of nucleic acids.
Ten microlitres of extract was mixed with ready-to-use com-

mercial mastermix, and one-step reverse transcription and
quantitative PCR (RT-qPCR) reactions were performed on an

ABI7500fast real-time cycler (Applied Biosystems, Foster City,
CA, USA), according to the manufacturers’ recommendations.

The enteric viruses (RV and NV) were detected by using KHRV
and KHPNOV kits from Ceeram (La Chapelle-sur-Erdre,

France); the respiratory viruses (influenza A and B viruses,
RSV and hMPV) were detected by using the MWS kits from
bioMérieux [22]. The molecular results were analysed in a

masked manner to the results of the behavioural survey.

Ethics
The ethics committee of the University Hospital of Saint-Éti-
enne approved the study.

Statistical analysis
The software used for the collection of data was Excel
(Microsoft, Redmond, WA, USA). Statistical analyses were

performed by SPSS 20.0 software (IBM, Armonk, NY, USA).
For the univariate and bivariate analyses, Fisher’s exact test and
t tests were used (p <0.05 was considered significant). To adjust

for confounding factors, variables with p <0.2 in univariate
analysis were entered into a multiple logistic regression model.
fectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 22, 456.e1–456.e6
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Results
During the study period, 114 HCWs (all of those interviewed)

responded to the questionnaire. The partition of HCWs by cate-
gory and department is presented in Fig. 1. The majority of partic-

ipants were women (74.6%); the mean age was 33.5 ± 10.0 years.

Behaviour of HCWs in use of MPs during work at
hospital
All HCWs owned a PMP, and 99 of them (86.8%) used a DECT
daily at work. All the HCWs declared that they knew that MPs

could host infectious agents. The participants received more
than ten calls per workday in 65.6% of cases (75/114 HCWs);

no statistical difference was found among categories. Table 1
lists the results of the questionnaire analysis. HCWs used

their PMPs in hospital in 37.7% (43/114) of cases, with medical
HCWs using their PMP more frequently than paramedical
© 2015 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier
HCWs (respectively, 33/65 vs. 10/53, p <0.001). Seventy-three

HCWs (64%) used MPs during care. Among them, 28.8% (21/
73) never performed hand hygiene before using their MP,

whereas 37.0% (27/73) of HCWs never performed it after using
their MP. Overall, 15 HCWs (20.6%) never performed hand

hygiene both before and after using a MP. As shown in Table 1,
paediatric staff used MPs during care significantly less frequently

than adult staff (27/56 vs. 46/58, p <0.001). Regarding hand
hygiene before or after use of MPs during care, there was no
difference among categories. Paediatric staff disinfected their

DECTs less frequently than adult staff (13/52 vs. 25/47,
p <0.005). Seventy-eight HCWs (68.4%) halted patient care to

answer their MP (their own MP or a shared MP). This pro-
portion was significantly lower in paediatric staff than in adult

staff (27/56 vs. 46/58, p <0.001). Among HCWs who stopped
care to hang up a MP, 18 (23.1%) never performed hand hy-

giene after using the MP and before continuing care, with no
significant difference among categories.
Ltd. All rights reserved, CMI, 22, 456.e1–456.e6



TABLE 1. Declared practices of hygiene and analysis of viral contamination of MPs used by healthcare workers at the University

Hospital of Saint-Étienne, France

Practice

Paediatric ward Adult ward

pParamedical staff Medical staff Paramedical staff Medical staff

Use of MP (personal or professional) at hospital (%) 20/22 (90.9%) 33/34 (97.1%) 33/37 (89.2%) 21/21 (100%) NS
PMP 4/20 (20.0%) 17/33 (51.5%) 6/33 (18.2%) 16/21 (76.2%) <0.0001a

DECT 18/20 (90.0%) 29/33 (87.9%) 32/33 (97.0%) 20/21 (95.2%) NS
Use of MP (personal or professional) during care (%) 9/22 (40.9%) 18/34 (52.9%) 28/37 (75.7%) 18/21 (85.7%) <0.001b

Hand hygiene never performed before its use 3/9 (33.3%) 5/18 (27.8%) 8/28 (28.6%) 5/18 (27.8%) NS
Hand hygiene never performed after its use 3/9 (33.3%) 6/18 (33.3%) 11/28 (39.3%) 7/18 (38.9%) NS

Never disinfect their MP (personal or professional)
PMP 1/4 (25.0%) 4/17 (23.5%) 2/6 (33.3%) 6/16 (37.5%) NS
DECT 10/18 (55.6%) 15/29 (51.7%) 5/32 (15.6%) 8/20 (40.0%) <0.005b

Halt care provision to answer a call on MP (own or shared) (%) 9/22 (40.9%) 25/34 (73.5%) 25/37 (67.6%) 19/21 (90.5%) <0.005a

Hand hygiene never performed after its use in this context 1/9 (11.1%) 4/25 (20.0%) 8/25 (32.0%) 5/19 (26.3%) NS
Detection of virus on at least one MPc 10/15 (66.7%) 19/34 (55.9%) 1/19 (3.4%) 7/21 (33.3%) <0.0005b

PMP 3/3 (100%) 5/12 (41.7%) 0/3 (0%) 5/11 (45.5%) NS
DECT 7/12 (58.3%) 14/22 (63.6%) 1/16 (6.3%) 2/10 (20%) <0.05b

DECT, digital enhanced cordless telephone; MP, mobile phone; PMP, personal mobile phone.
aMedical vs. paramedical staff, whatever the department.
bPaediatric vs. adult ward.
cIn the 89 healthcare workers who provided sampling of at least one MP at the time of interview.
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Virus RNA detection on MPs
Virus RNA was detected on 42/109 (38.5%) sampled MPs: RV in
39 cases (92.8%), RSV in three cases and hMPV in one case. NV

RNA and influenza virus A and B RNA were not detected on
MP samples of interviewed HCWs. One DECT sampled from a

paediatric emergency room senior physician was found to be
positive for both RSV and RV.

We also sampled 22 PMPs from medical students who were
present in the wards during the study; 11 (50%) were found to

be positive for virus RNA (RV n = 7, RSV n = 2, influenza virus
A and influenza virus B n = 1 each). Because they did not
respond to the questionnaire, they were not included in the

multivariate analysis.

Correlation of viral contamination of MPs to the
behaviour of HCWs
Table 1 shows the detection of viruses on at least one MP by

HCW category. By multivariate analysis, the presence of virus
RNA was significantly associated with MPs from paediatric
HCWs compared to adult HCWs (p < 0.001; 32/59 vs. 10/50;

odds ratio increased by 2.76). Other recorded behaviours in
using MPs in hospital were not associated with viral contamina-

tion. Notably, there were no differences in viral contamination
regarding staff categories or hygiene habits related to MP use.
Discussion
We report here for the first time contamination of MPs used by
HCWs with epidemic viruses including RV, RSV and hMPV. This

finding raises the possible role of MPs in cross-transmission of
epidemic viruses in hospitals, with the transfer from nonporous
© 2015 European Society of Clinical Microbiology and In
fomites to fingers as described recently [23] and from fingers to

fomites including MPs. PMPs may also play a role in the spread
of pathogens from community to hospital as well as from

hospital to community.
More than one third of sampled MPs were found to be

contaminated with virus RNA in the clinical settings we studied.
RV RNA was largely recovered from MPs, notably in those

from the paediatric staff. This finding was concordant with
epidemiologic data showing that RV is the prevalent virus

during winter epidemics in the paediatric population, including
during the time of this study (data not shown), because RV
vaccination coverage is low in France [24]. RV has been

frequently found on hospital surfaces for several months after
the epidemic period and after the surfaces had been cleaned

[11,14,15]. The high prevalence of RV in patients on the pae-
diatric ward during the study, together with the capacity of RV

to persist in the environment, are probably the main factors
explaining the high frequency of RV RNA detection on MPs. It

would be interesting to look at the presence of RV RNA on
MPs outside the epidemic winter period. Despite NV RNA
screening in our samples, it was not detected on MPs in this

study. NVs are, however, largely known to be able to survive
on several hospital surfaces [10,13,19]. The absence of NV

RNA was probably due to the reduced circulation of NVs
usually associated with benign diarrhoea in adults, and few pa-

tients infected with this pathogen may have been hospitalized in
adult wards in the course of the study. Failure to detect NVs

seems to be less probable, as we used internal controls in both
RV and NV RT-qPCR assays in order to avoid false-negative

results due to inhibitors [15].
The second most frequent virus RNA detected on samples

was RSV, which may also be found on environmental surfaces
fectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 22, 456.e1–456.e6
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and can lead to inoculation after touching contaminated sur-

faces [25]. Finally, other respiratory viruses transmitted by
droplets, including hMPV and influenza viruses, were recovered

from the PMPs of one HCW and two medical students,
respectively. These respiratory viruses could also survive on

hands and on environmental surfaces [12,17,26], leading to the
risk of cross-transmission in hospital settings. The yield of
contamination could be high because the same MP could be

contaminated by several pathogens, as described in our study,
and DECTs could be used by several HCWs.

Although most HCWs are aware that MPs may carry path-
ogenic bacteria [4], most of them do not perform hand hygiene

before or after using MPs, and they do not regularly clean their
MPs [8]. In the present study, all participating HCWs said they

knew that MPs could be contaminated by viruses. However,
most of them said they used PMPs and DECTs during their
work, notably when they were in contact with patients. This

was particularly true among adult staff. A large proportion also
did not perform hand hygiene when using a MP, even during

physical contact with patients, without difference among cate-
gories or departments. Hand hygiene should be performed just

before patient contact, as highly recommended by World
Health Organization guidelines (http://apps.who.int/iris/

bitstream/10665/44102/1/9789241597906_eng.pdf). Beyond
possible cross-transmission of pathogenic bacteria [2–5,8], we

can hypothesize that cross-transmission may also occur with
epidemic viruses, as shown in our study. Alcohol-based hand
rubs and antiseptic wipes are largely available for all HCWs in

our hospital; the lack of hand hygiene before and after using
MPs and the lack of cleaning MPs is mostly related to poor

adherence to hygiene recommendations by HCWs. Actually,
hand washing with soap and the use of alcohol-based disinfec-

tants have been proven to be efficient at removing viruses,
especially respiratory ones, from artificially contaminated hands

[27]. Gastroenteritis-associated nonenveloped viruses are,
however, known to be more resistant to disinfection pro-
cedures [28]. Hydroalcoholic hand rub that passes the EN

14476 viral norm or specific tests is needed to kill NVs.
However, RVs are sensitive to alcohol disinfection, meaning

that the contamination of MPs by these viruses is certainly
related to the fact that HCWs did not use alcohol-based hand

rubs before using their MPs, rather than more intensive use.
Indeed, paediatric MPs were found to be more frequently

contaminated; paediatric HCWs used their MPs less frequently
than adult HCWs. These results suggest that promotion of the

cleaning of MPs should be performed more actively. Indeed, the
use of isopropyl alcohol has been shown to be efficient in
reducing contamination of fomites [29]; disinfectant wipe

intervention on fomites has also been demonstrated to reduce
the load of infectious agents as well as the risk of fomite-to-
© 2015 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier
finger microbial transfer [30]. These recommendations should

be promoted in paediatric wards, where RVs circulate inten-
sively during epidemics.

Our study has several limitations. Firstly, only virus RNA was
detected on MPs, without presumption of the possible infec-

tious potential of the different viruses. The samples were not
inoculated onto cell cultures for isolation of respiratory viruses,
RV and NV being not cultivable [15]. However, this first

demonstration of contamination of MPs by virus RNA should
be considered as an effective way for the nosocomial trans-

mission of these viruses, and notably of RVs in paediatric wards.
Another limit concerns the absence of virus load determination

on MPs by RT-qPCR, as has been done for food contamination
[31]. However, to our knowledge, the correlation between

virus load on inanimate surfaces and the risk of nosocomial
transmission has not been clearly demonstrated. Finally, we
were not able to show a correlation between the contamina-

tion of the MPs and the frequency of hand hygiene; the sample
size of 30 workers, chosen to ensure the validity of the esti-

mation per HCW category, was probably too low to permit the
evaluation of this interaction.

After the demonstration by others of contamination by bac-
teria [4,5], we show here that contamination by virus RNA also

exists on the MPs used by different categories of HCWs from
several hospital wards. Our study indicates that more attention

must be paid to disinfecting MPs that are largely used in clinical
settings and that constitute a reservoir for viral agents. In addi-
tion, hand hygiene before and/or after their use must be rec-

ommended more strongly, especially in paediatric wards, where
viruses may circulate intensively. Because restriction on the use

of these devices is not feasible [5], raising awareness in HCWs
about the risk of pathogen transmission is urgent. Regular

cleaning of MPs should be promoted. Beyond use of MPs, hand
hygiene should be performed just before contact with patients.
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