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ARTICLE INFO ABSTRACT
Article history: Background: Careful hand hygiene of healthcare workers is recommended to reduce transmission of
Accepted 25 January 2019 pathogenic microorganisms to patients. Mobile phones are commonly used during work shifts and

may act as vehicles of pathogens.

Objective: To assess the colonizsation rate of intensive care unit healthcare workers’ mobile phones

Keywords: ) before and after work shifts.

Intensive care unit Methods: Prospective observational study conducted in an academic, tertiary-level intensive care unit.

Mlcr.Obmloglcal colonization Healthcare workers (including doctors, nurses and healthcare assistants) had their mobile phones sam-

Mobile phone . . . . . .

Cell phone pled fqr microbiology before and after work shifts. Samples were taken with a swab in a standardizsed
modality.
Results: Fifty healthcare workers participated in the study (91% of the department staff). One hundred
swabs were taken from 50 mobile phones. Forty-three healthcare workers (86%) reported a habitual
use of their phones during the work shift. All phones (100%) were positive for bacteria. The most fre-
quently isolated bacteria were Coagulase Negative Staphylococci, Bacillus sp. and Methicillin-resistant
Staphylococcus aureus (97%, 56%, 17%, respectively). No patient admitted to the intensive care unit dur-
ing the study period was positive for bacteria found on healthcare workers’ mobile phones. No difference
in bacteria types and burden was found between the beginning and the end of work shifts.
Conclusion: Healthcare workers’ mobile phones are colonized even before the work shift and irrespective
of the patients’ microbiological flora.

© 2019 Elsevier Ltd. All rights reserved.

Implications for clinical practice

¢ All intensive care unit healthcare workers’ mobile phones are colonized by microorganisms, included potential pathogenic ones.

e The microbiological colonization of intensive care unit healthcare workers’ mobile phones doesn’t depend on the inpatients’
microbiological flora.

e The healthcare workers’ mobile phones colonization doesn’t significantly change from the beginning to the end of the work shift.
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Introduction

Mobile phones have become indispensable in our society, and
they are used extensively in hospital settings (Heyba et al., 2015;
Kotris et al., 2017). The use of mobile phones can improve the qual-
ity of health care, allowing faster communication especially in
emergency situations (Kotris et al., 2017; Ulger et al., 2009). How-
ever, in spite of all the potential benefits, mobile phones may also
play an important role in microorganism transmission (Ulger et al.,
2009), since healthcare workers (HCWs) commonly handle their
phones irrespective of the cleanliness of their hands and rarely dis-
infect them (Heyba et al., 2015; Juyal et al., 2015). For this reason,
mobile phones may become potential reservoirs of several
microorganisms (Christensen and Briiggemann, 2014; Elkholy
and Ewees, 2010; Kotris et al., 2017; Smibert et al., 2018).

Different kinds of microorganisms can be isolated from the sur-
face of mobile phones (Heyba et al., 2015; Kotris et al., 2017;
Michelow et al.,, 2004). In some cases, those microorganisms
belong to the normal skin flora, but isolation of pathogens causing
nosocomial infections has also been reported (Jayalakshmi et al.,
2008; Magill et al., 2014; Revelas, 2012). Nosocomial infections
are continuously increasing and they affect morbidity, mortality
and hospital-associated costs (Goldblatt et al.,, 2007; Selim and
Abaza, 2015; Ulger et al., 2015). Due to the high number of invasive
devices (e.g. intravascular catheters, urinary catheters and tracheal
tubes) which can facilitate the entry of pathogens (Heyba et al.,
2015; Kotris et al., 2017), ICU patients are at very high risk of noso-
comial infections, caused by microorganisms which can be trans-
mitted also from mobile phones (Brady et al., 2007, 2009).

While the debate on the effect of electromagnetic interference
from mobile phones on medical equipment has ended, the poten-
tial role of mobile phones in infections transmission remains a
matter of intense discussion (Heyba et al., 2015). Several studies
have described the contamination of HCWs’ mobile phones, report-
ing a level of contamination and type of bacteria that change in dif-
ferent clinical and geographical settings (Russotto et al., 2015).
However, few of these studies have been conducted in the ICU
and none in the Italian critical care reality. These studies reported
that the most common microorganisms isolated on HCWs’ mobile
phones in ICU were CoNS (Coagulase Negative Staphylococci)
(62.9%-97%) but also other “difficult” bacteria causing hospital
acquired infections (HAI), mainly Methicillin-resistant Staphylo-
coccus aureus (MRSA) (1.4%-14%), Acinetobacter spp. (2.8%) and
Pseudomonas spp. (0.9%) (Heyba et al., 2015; Kotris et al., 2017;
Michelow et al., 2004).

Objective

The objective of this study was to assess the colonization rate of
HCWs’ mobile phones before and after work shifts in an Italian
general ICU. Our hypothesis was that bacterial load on mobile
phones could change and increase during the work shift.

Methods
Study design, hospital and participants

This is an observational prospective study conducted in the gen-
eral ICU (12 beds) of Foundation IRCCS Ca’ Granda Ospedale Mag-
giore Policlinico, an academic tertiary-level hospital in Milan, Italy.
We studied all mobile phones of doctors, nurses and healthcare
assistants. All participants gave their written informed consent
and were blinded to the sampling date. The sampling period lasted
6 days between September and October 2017.

Two swabs were taken from every mobile phone, one at the
beginning and one at the end of the work shift. Following the same
modality including the four angles, front, back, audio and battery
charger jack, the same researcher took the swab. During the proce-
dure, the researcher wore disposable gloves and “E-Swab COPAN”
swabs were used.

Before the sampling a short questionnaire was administered to
all participants in order to investigate the habits on the use of their
mobile phones during the working activity.

The swabs results from mobile phones were compared with the
swabs results from patients’ routine microbiological control. The
baseline of patients’ contamination was assessed with oral, pha-
ryngeal and anal swabs taken at the ICU admission and during
the ICU stay (weekly infection surveillance).

Laboratory methods

Each Swab was cultured on Brain Heart Infusion Agar plus 5%
Sheep Blood (BHI + SB) (BioMerieux) and incubated aerobically at
35 + 2 °C for 48 h. Colony growth was assessed by semiquantitative
method at 24 and 48 h and identification was performed using
Gram stain, catalase and oxidase reaction. Bacterial load was clas-
sified in 4 categories: absent, rare, mild, moderate and high. A slide
coagulase test differentiated staphylococcal isolates into Staphylo-
coccus aureus and CoNS. Oxacillin sensitivity of staphylococci were
investigated by Cefoxitin disk diffusion method according to clini-
cal laboratory standards (CLSI) criteria. Gram-negative strains were
identified by Vitek 2 (BioMerieux).

Statistical analysis

Categorical variables are presented as absolute and relative fre-
quencies. Mc-Nemar’s chi square test and Stuart-Maxwell marginal
homogeneity test (an extension of Mc-Nemar test for comparing
variable with more than two categories) were used to estimate
the effect of the work shift on qualitative and semiquantitative
HCWSs’ mobile phone colonization, respectively. Fisher’s exact test
was used to test the difference between groups. All tests were two-
sided. Risk difference and 95% confidence interval is reported. Stata
13.1 was used for analyses (StataCorp, College Station, TX, USA).

Results

One hundred swabs on 50 mobile phones were taken during the
sampling period, belonging to 28 (56%) nurses, 16 (32%) doctors
and 6 (12%) healthcare assistants. Twenty-four HCWs (48%) were
male and 26 (52%) female. Overall, the study involved 90.9% of
the people working in our ICU (93.3% of the nurses, 94.1% of the
doctors and 75% of the healthcare assistants).

Forty-three HCWs (86%) admitted to use their mobile phones
during the work shift: 38 (88.4%) of them kept the mobile phone
in their pocket and 5 (11.6%) in their bag. Among HCWs who used
their mobile phones, 36 (83.7%) reported to use it for mobile appli-
cations (87.5% of the doctors) or as a calculator (60.7% of the
nurses). All mobile phones were touchscreen. Thirty HCWs (60%)
admitted not to wash their hands after using their mobile phones.
Twenty HCWs (40%) reported to wash their hands after the use of
the mobile phone: 2 doctors (12.5% of doctors), 14 nurses (50% of
nurses) and 4 healthcare assistants (66.7% of healthcare assistants).
Nineteen HCWs (38%) reported occasional cleaning of their mobile
phones with alcoholic solution after working activity: 3 doctors
(18.7% of the doctors), 13 nurses (46.4% of the nurses) and 3
healthcare assistants (50% of the healthcare assistants).

All swabs (100%) were positive for at least one isolated bacteria.
More than one bacterial species were isolated on 36 (72%) mobile
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phones at the beginning of the work shift and on 33 (66%) phones
at the end of the work shift. CoNS, Bacillus spp. and MRSA were the
most frequent colonizing microorganisms (98% and 96%, 58% and
54%, 16% and 18% of the mobile phones before and after the work
shift, respectively) (Fig. 1). Microorganisms were similar at the
beginning and at the end of the work shifts (Table 1). The same
result was verified for the HCWs who reported keeping the mobile
phone in their uniform pocket compared to the HCWs who kept it
in their bag (p = 0.58).

Comparing the swabs results at the beginning and at the end of
the work shift, 19 (38%) mobile phones changed bacterial coloniza-
tion for at least one microorganism. Eight (18.6%) mobile phones
acquired a new microorganism during the work shift, namely 3
phones acquired MRSA, 3 acquired Bacillus spp., 1 acquired Acine-
tobacter spp. and 1 acquired molds (Table 1).

We did not found any difference in the bacterial burden from
the beginning to the end of the work shift. Semiquantitative anal-
ysis for clinically relevant microorganism are reported in Table 2.

No patients in the ICU during the 6 days when swabs were per-
formed were positive for bacteria found on HCWs’ mobile phones.

Discussion

In this study, all (100%) HCWs’ mobile phones were contami-
nated but only a few of them with potentially pathogenic microor-
ganisms. This frequency is higher than that one reported in
previous studies conducted in Egypt (Elkholy and Ewees, 2010),
in Kuwait (Heyba et al., 2015) and in Croatia (Kotris et al., 2017),
who reported a rate of mobile phones contamination of 96.5%,
73.7%, 77.3%, respectively. Taken together, these findings confirm
that contaminated objects such as mobile phones could serve as
reservoirs of bacteria with potentially relevant clinical conse-
quences. During every phone call, mobile phones come into close
contact with contaminated human body areas such as mouth, nose
and ears (Michelow et al., 2004). Indeed, a study conducted in Tai-
wan shows that the 94.3% of the HCWs with contaminated mobile
phones were colonized by the same bacteria in their nares or
hands. In particular, Staphylococcus aureus was the most commonly
isolated pathogen in the nares (19.9%) (Chang et al., 2017).

In our study, colonization of the mobile phones was not influ-
enced by the place where the phones were kept, in fact there
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was no difference between the HCWs who kept their mobile
phones in their uniform pocket, which is washed every day but it
is in close contact with the patients, and those who kept them in
their bags (hand bags or rucksacks), which are far from the patients
but are seldom cleaned. This means that it is more important how
the mobile phone is handled than where it is kept.

Interestingly we found a higher incidence of MRSA contamina-
tion compared to previous studies (Heyba et al., 2015; Kotris
et al,, 2017) because S. aureus, which is a coagulase-positive patho-
gen, can cause infections of the skin and other organs in immune-
competent patients. CoNS are the most frequently isolated bacteria
as reported in the literature: indeed, one study reported CoNS rep-
resent the 94% of isolated microorganisms, followed by Sarcina (8%)
and Bacillus (4%), while MRSA were not found (Kotris et al., 2017).
Another study showed a high percentage of CoNS (70,4%), followed
by Bacillus (8,4%), Acinetobacter spp. (2,8%), MRSA (1,4%), Pseu-
domonas spp. (0,9%) and E. coli (0,5%)(Heyba et al., 2015).

CoNS are involved in the infectious processes in immune-
compromised patients or patients using catheters (Kramer et al.,
2006; Martins and Cunha, 2007). Relatively innocuous CoNS such
as S. haemolyticus, which is a frequent colonizer of human skin sec-
ond in frequency only to S. epidermidis, have been regarded by
many studies as an important nosocomial microorganism with a
tendency to develop multiple resistances (Mazzariol et al., 2012).

The most common Gram-negative bacteria isolated from our
mobile phones is Acinetobacter spp. as reported in several articles.
Acinetobacter spp. and P. aeruginosa, with other pathogens have
been proven to remain viable for months on inanimate surfaces
(Kramer et al., 2006) and they represent a potential risk of circulat-
ing multi-drug resistant strains.

To the best of our knowledge, this is the first study comparing
colonization of HCWs’ mobile phones in ICU before and after work
shifts. All mobile phones had bacteria on their surface both at the
beginning and at the end of the shift. Notably, we found not only
normal cutaneous bacteria but also nosocomial pathogenic ones.

In our sample, we observed qualitative and quantitative
changes in the microbiological flora (especially “environmental”
microorganisms) from the beginning to the end of the shift, but
the relative frequency of isolation of each bacterial species was
not significantly different between these time points. When focus-
ing on clinically relevant (potentially pathogenic) bacteria, we
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Fig. 1. Swabs results at the beginning and at the end of the work shift.
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Table 1
Qualitative microbiology results at the beginning and at the end of the work shift.
Microorganism Before After Risk difference (95% CI) P value’ Delta’
Muco-cutaneous
CoNS, N (%) 49 (98%) 48 (96%) 0.02 (—0.04 to 0.08) 0.32 0
MRSA, N (%) 8 (16%) 9 (18%) —0.02 (-0.13 to 0.09) 0.65 3 (6%)
Viridans streptococci, N (%) 2 (4%) 0 (0%) 0.04 (-0.03 to 0.11) 0.16 0
Environmental
Bacillus spp., N (%) 29 (58%) 27 (54%) 0.04 (—0.09 to 0.17) 0.48 3 (6%)
Molds, N (%) 5 (10%) 2 (4%) 0.06 (—0.05 to 0.17) 0.18 1(2%)
Acinetobacter spp., N (%) 3 (6%) 2 (4%) 0.02 (—0.07 to 0.11) 0.56 1(2%)
Paenibacillus spp., N (%) 3 (6%) 1(2%) 0.04 (-0.03 to 0.11) 0.16 0
Aerococcus spp., N (%) 0 (0%) 1(2%) —0.02 (—0.08 to 0.04) 0.32 0
Intestinal
E. coli, N (%) 2 (4%) 1(2%) 0.02 (—0.04 to 0.08) 0.32 0
N = number of mobile phones with that specific microorganism.
Delta = number of mobile phones that acquired a specific microorganism.
" P value from McNemar’s chi square test.
Table 2
Semi-quantitative microbiology results for clinically relevant (potentially pathogen) microorganism.
END OF WORK SHIFT
Absent Rare Mild Moderate High
MRSA (N) (p = 0.34) BEGIN OF WORK SHIFT Absent 39 1 0 0 2
Rare 2 3 0 0 0
Mild 0 0 0 0 0
Moderate 0 0 0 0 0
High 0 0 0 1 2
Acinetobacter (N) (p=0.61) Absent 46 0 0 0 1
Rare 0 0 0 0 0
Mild 0 0 0 0 0
Moderate 1 0 0 0 0
High 1 0 0 0 1
Molds (N) (p=0.37) Absent 44 0 1 0 0
Rare 0 0 0 0 0
Mild 3 0 0 0 0
Moderate 0 0 0 0 0
High 1 0 0 0 1
N = number of mobile phones.
found that only 3 mobile phones acquired MRSA, 1 mobile phone Conclusion

acquired molds, 1 mobile phone acquired Acinetobacter spp. and
no mobile phone acquired E. coli.

Another important finding was that during the 6 days sampling
period no patient hospitalized in our ICU was colonized by the
same microorganism found on HCWs’ mobile phones. This result
could be explained by the fact that some pathogenies found at
the sampling could be acquired from other ICU patients or from
outside during the previous days and so we can suppose that the
contamination of mobile phones happens during the working
activity progressively.

Limitations

This study has some limitations which need to be acknowl-
edged. First, it is a single centre observational study conducted
on a relatively limited sample size, which can affect the generaliz-
ability of our findings. Second, some results may be affected by the
reliability of the answers of the operators reported in the question-
naire: for example, some of them may have not remembered clean-
ing their phones or washing their hands. Third, we did not search
the species and test the antibiotic resistance of CoNS and Acineto-
bacter spp. Fourth, although the HCWs were not aware of the study
protocol, their behaviour about hand washing or mobile phone
cleaning might be influenced by the enrollment in itself. Fifth,
the questionnaire could have been more detailed of HCWs’ habits
during work activity.

This study shows that all ICU HCWs’ mobile phones are colo-
nized by microorganisms, included potential pathogenic ones, even
before the work shift and irrespective of the microbiological
patients’ flora. The HCWs’ work shift did not significantly change
the colonization of mobile phones.

Since the use of mobile phones has not yet been regulated dur-
ing hospital working shift, more research is needed to assess the
impact of mobile phones contamination and of hygiene practices
on hospital-acquired infections.

Authors contributions

AGA, MP, EB, IA and GG designed the study, coordinated and
drafted the manuscript. EB and FB made the data collection. Micro-
biological analysis was conducted by AGR while data analysis was
conducted by MP and AGA. GG, TM, AP and DL gave expert content
to the manuscript. All authors read and approved the final
manuscript.

Ethical statement

All participants (medical, nursing and healthcare assistants
staff) agreed and gave their written informed consent. Since the
study did not concern the patients, the Ethic Committee was not
deemed necessary according to the local regulation.



A. Galazzi et al./Intensive & Critical Care Nursing 52 (2019) 17-21 21

Funding

This research did not receive any specific grant from funding
agencies in public, commercial, or not-for-profit sectors.

Conflict of interest
None of the authors discloses potential conflicts of interest.
Acknowledgements

Researchers are grateful to all doctors, nurses and healthcare
assistants for having accepted to analyze their mobile phones with
interest.

References

Brady, R.R,, Fraser, S.F., Dunlop, M.G., Paterson-Brown, S., Gibb, A.P., 2007. Bacterial
contamination of mobile communication devices in the operative environment.
J. Hosp. Infect. 66, 397-398. https://doi.org/10.1016/j.jhin.2007.04.015.

Brady, RR.W., Verran, J., Damani, N.N., Gibb, A.P., 2009. Review of mobile
communication devices as potential reservoirs of nosocomial pathogens. ].
Hosp. Infect. 71, 295-300. https://doi.org/10.1016/j.jhin.2008.12.009.

Chang, C.H., Chen, S.., Lu, JJ., Chang, CJ., Chang, Y. Hsieh, P.H., 2017. Nasal
colonization and bacterial contamination of mobile phones carried by medical
staff in the operating room. PLoS One 12, 1-11. https://doi.org/10.1371/journal.
pone.0175811.

Christensen, G.J.M., Briiggemann, H., 2014. Bacterial skin commensals and their role
as host guardians. Benef. Microbes 5, 201-215. https://doi.org/10.3920/
BM2012.0062.

Elkholy, M.T., Ewees, L.E., 2010. Mobile (cellular) phones contamination with
nosocomial pathogens in intensive care Units. Mob. Phones Contam. with
Nosocom. Pathog. Intensive Care Units. Med. ]. Cairo Univ. 78, 1-5.

Goldblatt, ].G., Krief, 1., Klonsky, T., Haller, D., Milloul, V., Sixsmith, D.M., Srugo, L.,
Potasman, 1., 2007. Use of cellular telephones and transmission of pathogens by
medical staff in New york and Israel. Infect. Control Hosp. Epidemiol. 28, 500-
503. https://doi.org/10.1086/513446.

Heyba, M., Ismaiel, M., Alotaibi, A., Mahmoud, M., Bager, H., Safar, A., Al-Sweih, N.,
Al-Taiar, A., 2015. Microbiological contamination of mobile phones of clinicians
in intensive care units and neonatal care units in public hospitals in Kuwait.
BMC Infect. Dis. 15, 1-9. https://doi.org/10.1186/s12879-015-1172-9.

Jayalakshmi, J., Appalaraju, B., Usha, S., 2008. Cellphones as reservoirs of nosocomial
pathogens. J. Assoc. Physicians India 56, 388-389.

Juyal, D., Adekhandi, S., Sharma, M., Prakash, R., Sharma, N., Rana, A, Parihar, A., Pal,
S., 2015. Mobile phones: reservoirs for the transmission of nosocomial
pathogens. Adv. Biomed. Res. 4, 144. https://doi.org/10.4103/2277-
9175.161553.

Kotris, I, DrenjanCevi¢, D. Talapko, ]J., Bukovski, S., 2017. Identification of
microorganisms on mobile phones of intensive care unit health care workers
and medical students in the tertiary hospital. Med. Glas. (Zenica) 14, 85-90.
https://doi.org/10.17392/878-16.

Kramer, A., Schwebke, 1., Kampf, G., 2006. How long do nosocomial pathogens
persist on inanimate surfaces? A systematic review. BMC Infect. Dis. 6, 1-8.
https://doi.org/10.1186/1471-2334-6-130.

Magill, S.S., Edwards, J.R., Bamberg, W., Beldavs, Z.G., Dumyati, G., Kainer, M.A,,
Lynfield, R., Maloney, M., McAllister-Hollod, L., Nadle, J., Ray, S.M., Thompson, D.
L., Wilson, L.E., Fridkin, S.K., 2014. Multistate point-prevalence survey of health
care-associated infections. N. Engl. J. Med. 370, 1198-1208. https://doi.org/
10.1056/NEJMoa1306801.

Martins, A., Cunha, M.D.L.R.S., 2007. Methicillin resistance in Staphylococcus aureus
and coagulase-negative staphylococci: epidemiological and molecular aspects.
Microbiol. Immunol. 51, 787-795. https://doi.org/10.1111/j.1348-0421.2007.
tb03968.x.

Mazzariol, A., Lo Cascio, G., Kocsis, E., Maccacaro, L., Fontana, R., Cornaglia, G., 2012.
Outbreak of linezolid-resistant Staphylococcus haemolyticus in an Italian
intensive care unit. Eur. J. Clin. Microbiol. Infect. Dis. 31, 523-527. https://doi.
org/10.1007/s10096-011-1343-6.

Michelow, I.C., Olsen, K., Lozano, ]., Rollins, N.K., Duffy, L.B., Ascp, M.T., Ziegler, T.,
Kauppila, J., Leinonen, M., 2004. Pneumonia in Hospitalized Children 113, 701-
707.

Revelas, A., 2012. Healthcare - associated infections: a public health problem. Niger.
Med. J. 53, 59. https://doi.org/10.4103/0300-1652.103543.

Russotto, V., Cortegiani, A., Raineri, S.M., Giarratano, A. 2015. Bacterial
contamination of inanimate surfaces and equipment in the intensive care
unit. J. Intensive Care 3, 54. https://doi.org/10.1186/s40560-015-0120-5.

Selim, H.S., Abaza, A.F., 2015. Microbial contamination of mobile phones in a health
care setting in Alexandria, Egypt. GMS Hyg. Infect. Control 10. https://doi.org/
10.3205/dgkh000246. Doc03.

Smibert, 0.C., Aung, AK., Woolnough, E., Carter, G.P., Schultz, M.B., Howden, B.P.,
Seemann, T., Spelman, D., McGloughlin, S., Peleg, A.Y., 2018. Mobile phones and
computer keyboards: unlikely reservoirs of multidrug-resistant organisms in
the tertiary intensive care unit. ]J. Hosp. Infect. 99, 295-298. https://doi.org/
10.1016/j.jhin.2018.02.013.

Ulger, F., Dilek, A., Esen, S., Sunbul, M., Leblebicioglu, H., 2015. Are healthcare
workers’ mobile phones a potential source of nosocomial infections? Review of
the literature. ]. Infect. Dev. Countries 9, 1046-1053. https://doi.org/10.3855/
jidc.6104.

Ulger, F., Esen, S., Dilek, A., Yanik, K., Gunaydin, M., Leblebicioglu, H., 2009. Are we
aware how contaminated our mobile phones with nosocomial pathogens? Ann.
Clin. Microbiol. Antimicrob. 8, 4-7. https://doi.org/10.1186/1476-0711-8-7.


https://doi.org/10.1016/j.jhin.2007.04.015
https://doi.org/10.1016/j.jhin.2008.12.009
https://doi.org/10.1371/journal.pone.0175811
https://doi.org/10.1371/journal.pone.0175811
https://doi.org/10.3920/BM2012.0062
https://doi.org/10.3920/BM2012.0062
http://refhub.elsevier.com/S0964-3397(18)30322-7/h0025
http://refhub.elsevier.com/S0964-3397(18)30322-7/h0025
http://refhub.elsevier.com/S0964-3397(18)30322-7/h0025
https://doi.org/10.1086/513446
https://doi.org/10.1186/s12879-015-1172-9
http://refhub.elsevier.com/S0964-3397(18)30322-7/h0040
http://refhub.elsevier.com/S0964-3397(18)30322-7/h0040
https://doi.org/10.4103/2277-9175.161553
https://doi.org/10.4103/2277-9175.161553
https://doi.org/10.17392/878-16
https://doi.org/10.1186/1471-2334-6-130
https://doi.org/10.1056/NEJMoa1306801
https://doi.org/10.1056/NEJMoa1306801
https://doi.org/10.1111/j.1348-0421.2007.tb03968.x
https://doi.org/10.1111/j.1348-0421.2007.tb03968.x
https://doi.org/10.1007/s10096-011-1343-6
https://doi.org/10.1007/s10096-011-1343-6
http://refhub.elsevier.com/S0964-3397(18)30322-7/h0075
http://refhub.elsevier.com/S0964-3397(18)30322-7/h0075
http://refhub.elsevier.com/S0964-3397(18)30322-7/h0075
https://doi.org/10.4103/0300-1652.103543
https://doi.org/10.1186/s40560-015-0120-5
https://doi.org/10.3205/dgkh000246
https://doi.org/10.3205/dgkh000246
https://doi.org/10.1016/j.jhin.2018.02.013
https://doi.org/10.1016/j.jhin.2018.02.013
https://doi.org/10.3855/jidc.6104
https://doi.org/10.3855/jidc.6104
https://doi.org/10.1186/1476-0711-8-7

	Microbiological colonization of healthcare workers’ mobile phones in a tertiary-level Italian intensive care unit
	Introduction
	Objective
	Methods
	Study design, hospital and participants
	Laboratory methods
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusion
	Authors contributions
	Ethical statement
	Funding
	Conflict of interest
	Acknowledgements
	References


