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Abstract

Background—Health care workers (HCWSs) use their mobile phones during working hours or
medical care. There is evidence that the instruments are colonized with pathogenic
microorganisms. Here, we describe levels of Enterobacteriaceae contamination (EC) in cell phones
and the risk factors associated with EC in Peruvian intensive care units (ICUs).

Methods—This was a 5-month cohort study among 114 HCWs of 3 pediatric and 2 neonatology
ICUs from 3 Peruvian hospitals. A baseline survey collected data on risk factors associated with
EC. Swabs were collected from HCWSs’ phones every other week.

Results—Three-quarters of HCWs never decontaminated their phones, and 47% reported using
the phones in the ICU >5 times while working. EC was frequent across samplings and sites and
was substantially higher in subjects with longer follow-up. Potential risk factors identified did not
have strong associations with positive samples (relative risk, 0.7-1.5), regardless of significance.
Half of the phones were colonized with an Enterobacteriaceae at least once during the 4 samplings
attained on average during the study period. Half of the isolates were multidrug resistant (MDR),
and 33% were extended-spectrum B-lactamase producers.

Conclusions—EC on HCWs’ phones was frequent and apparently randomly distributed through
the hospitals without clear clustering or strongly associated risk factors for having a positive
sample. Based on the level of EC, phones may be considered as potential bacterial reservoirs of
MDR and ESBL bacteria.
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Intensive care units (ICUs) require a high level of sanitation and infection control because of
the critical condition of their patients and the high risk for complications and nosocomial
infections. Outbreaks of healthcare—associated infections with multidrug-resistant bacteria
have been widely described in pediatric and neonatology 1CUs, causing significant
morbidity and mortality and increasing health care costs and length of stay.1—3

The most common cause of outbreaks in ICUs is Enterobacteriaceae.3* These pathogens are
coresistant to different classes of drugs and often contain antibiotic resistance genes such as
extended-spectrum B-lactamase (ESBL). ESBL infections are associated with increased
morbidity, mortality, and the need for carbapenem therapy, for example, leaving few
therapeutic options available for patient treatment.>:6

In the last decade, cell phone use has penetrated clinical practice, providing rapid access to
medical information and allowing efficient communication with colleagues worldwide.”
However, cell phone use in sensitive settings and lack of disinfection, coupled with their
portability, makes them a potential source of infection.8? Evidence of cell phone
contamination at hospitals has been observed, with up to 94% of phones testing positive for
a wide range of bacteria; these may be implicated in outbreaks at ICUs.10:11 Therefore, cell
phones probably represent a constant infection risk for patients,? and developing countries
are likely at greater risk.

The objective of this study was to describe levels of Enterobacteriaceae contamination in
cell phones in Peruvian ICUs. This study also investigated potential risk factors associated
with cell phone contamination in these settings.

MATERIALS AND METHODS

Study design

From February—June 2012, we conducted a 5-month cohort study among health care
workers (HCWSs) of ICUs from 3 national hospitals in Lima, Peru. HCWs completed a
baseline questionnaire, and swabs were collected from their cell phones (referred to as
phones from here onward) every other week (10 samplings total) for Enterobacteriaceae
culture.

The Ethics Committees of Universidad Peruana Cayetano Heredia (SIDISI 58415) and the
hospitals approved the study protocol and all of its procedures. All participants underwent

oral informed consent and were provided with an information sheet for their understanding
of study procedures.
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Population and sample

The study was conducted in 3 pediatric and 2 neonatology ICUs of 2 pediatric and 1 general
hospitals. All physicians, residents in training, and professional and technical nursing
personnel were invited to participate. Personnel without phones or with appointments in
other wards at the same hospitals were excluded. Most HCWs were enrolled at the first visit,
and others were assessed in subsequent dates. Consenting participants were asked to enroll
their phones, choosing one device if they had multiple eligible devices. Tablets or other type
of devices were not included in the study.

Enrollment and baseline assessments

Ten visits were scheduled every other week at each ICU. All eligible subjects present were
asked to participate by providing their phones. A baseline survey was applied for collecting
demographics, phone use at work, hygiene-related practices, and knowledge about
contamination and transmission of pathogens through phones. Phone characteristics were
recorded for identification during the follow-up. In every visit, enrolled HCWs were asked
to provide their enrolled phones, and a swab sample was collected without asking any
additional information or providing prior microbiologic results. Study personnel verified that
the phone presented was the device initially enrolled. Some HCWs were not found in each
sampling visit because of their variable work schedule, resulting in a variable number of
samples collected from the phone of each HCW.

Phone swab collection and testing for Enterobacteriaceae

All samples were collected using a sterile technique for each phone. A sterile cotton swab
moistened with trypticase soy broth was rotated on the phone covering the entire surface
(back and keyboard and screen or touchscreen, depending of the type of phone). The swab
was then submerged into a 3 mL trypticase soy broth tube and incubated aerobically for 18—
24 hours at 35°C. After incubation, the swab was plated onto MacConkey agar and
incubated under the same conditions. Bacterial isolates were characterized at the species
level by standard microbiologic procedures.

Antimicrobial susceptibility testing

Antibiotic susceptibility was determined by the disk diffusion method according to the
Clinical and Laboratory Standards Institute.13 The Enterobacteriaceae antibiogram included
aztreonam 30 g, cefepime 30 pg, cefotaxime 30 pg, ceftazidime 30 pg, amoxicillin-
clavulanic acid 30 pg, imipenem 10 g, meropenem 10 ug, ertapenem 10 pg, cefoxitin 30 ug,
sulfamethoxazole-trimethoprim (SXT) 25 ug, amikacin 30 pg, gentamicin 10 g, tobramycin
10 pg, and ciprofloxacin 5 pg.

The Clinical and Laboratory Standards Institute’s ESBL confirmatory test was used to
confirm ESBL production in all strains with a reduced inhibition zone to aztreonam,
cefepime, cefotaxime, or ceftazidime.13 Metallo-B-lactamases, carbapenemase, and AmpC
B-lactamases were screened using 3 combined disk procedures as previously described.14-16
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Molecular identification of bla genes

The genotyping characterization of the b/a genes associated with ESBL-producing bacteria
was done by polymerase chain reaction. DNA was extracted by the thermal shock method,
and blargn, blasyy, and blacTx-m genes were amplified as previously described.17-19
Polymerase chain reaction products were separated by electrophoresis on 1% agarose gel
and revealed by RunSafe (Cleaver Scientific, Rugby, UK).

Statistical analysis

The frequency of positive Enterobacteriaceae isolates was estimated during the entire study.
We used a binomial family generalized linear model with a logarithmic link and estimated
risk ratios (RRs) for different characteristics of the HCWs to determine the association with
a positive swab conducted in a visit or sampling. We calculated the proportion of positive
swabs (with at least 1 positive culture) collected from each subject out of the total samples
taken from of the 10 sampling times. We also calculated the proportion of positive phones
(one or more of the attained samples positive) using a binomial distribution. For data
analysis purposes, physicians were grouped with residents and nurses, including both
technical and professional personnel. The calculation of the percent swab positivity was
analyzed including the number of samples collected and may be affected by the rejection
sampling or the lack of follow-up.

Differences in antibiotic resistance to each drug were compared between ESBL- and non-
ESBL-producing isolates for the most frequent Enterobacteriaceae using XZ and Fisher exact
tests as needed. Levels of intermediate antibiotic resistance based on the susceptibility
testing were considered resistant to simplify the data analysis. Also, we defined multidrug
resistance as being not susceptible to =3 antibiotic families. Analyses were conducted using
Stata version 13.0 (StataCorp, College Station, TX), and significant associations were
considered if < .05.

RESULTS

A total of 114 HCWs provided 1 phone each and were enrolled in the study. HCWs were
similarly distributed through hospitals, were primarily nurses (66.7%), and mainly were
from pediatric ICUs (61.4%). Seventy-six percent (86/113) of HCWs reported never using
anything to decontaminate their phones, and 47.4% reported using the phone >5 times while
working at the ICU (Table 1).

In the 10 sampling dates, phones were sampled an average of 4 times (interquartile range, 3—
6), for a total of 491 phone samples; of these, 104 (21.1%) were positive for
Enterobacteriaceae. There was a strong correlation between the number of times a phone
was swabbed and the percent positivity of all of the swab samples collected: 11.7%
positivity among samples of phones swabbed 1-3 times, 21.6% in phones swabbed 4-6
times, and 30.6% in phones swabbed 7-9 times (P = .005). No other significant associations
were found in bivariate or multiple regression analyses between the frequency of positive
visits (samplings) and demographics, type of phone, hygiene-related practices, and
knowledge variables, except for reporting use of disinfectant on their phones (P < .05). After
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adjustment for the number of visits, the RRs were in a very narrow range (0.59-1.47),
showing poor discriminatory ability (Table 1).

Half of the phones (61/114, 53.5%) were colonized with at least 1 Enterobacteriaceae during
the study period (4 samplings only on average), and out of 12 subjects with 6-10 samplings,
83% were positive at least once. Of all of the 61 colonized phones, 54.0% (n = 33) had only
non-ESBL-producing bacteria isolates, 30.0% (n = 18) had at least 1 ESBL-producing
bacteria, and 16.0% (n = 10) had isolates exclusively with bacteria that harbor ESBL.

Enterobacteriaceae were frequently isolated in HCWSs’ phones throughout the study period
and across the 3 sites. In general, ESBL-producing bacteria were isolated frequently (range,
1-5) in every sampling across the study period (Fig 1). However, Enterobacter spp and
Escherichia coli were isolated more frequently at hospital A and C, respectively (P=.049)
(Table 2).

A total of 105 Enterobacteriaceae were isolated; the most common isolates were 48 (45.7%)
Enterobacterspp, 34 (32.4%) E coli, 13 (12.4%) Klebsiella pneumoniae, and 10 (9.5%)
Klebsiella oxytoca (Table 2). A third of the isolates were ESBL producers (35/105, 33.3%),
and ESBL production was found in all types of Enterobacteriaceae (P= .004), but it was
predominately higher in £ coli (55.9%) and K pneumoniae (30.8%).

Nearly half of all bacteria isolated were multidrug resistant (MDR; 56/105, 53.3%). K
oxytoca strains were marginally less MDR than the other Enterobacteriaceae isolated (20.0%
vs 52.1%—64.7%, respectively; £=.099). Also, Enterobacter spp and K oxytoca presented
lower levels of ESBL (18.8%-30.0%) than K pneumoniae and E coli (30.8%-55.9%, P<.
005).

Tobramycin, gentamicin, SXT, and ciprofloxacin resistance were significantly associated
with ESBL production in all isolates (Table 3). Additionally, nearly all of the isolates
(99/105, 94.3%) were susceptible to amikacin, and 71.4% (50/70) of non-ESBL isolates
were susceptible to all drugs tested in this study (Table 4). Two ESBL-producing strains, 1 £
coliand 1 K pneumoniae, were resistant to all of the drugs tested. Four other ESBL-
producing strains, 3 Enterobacter spp and 1 £ coli, were resistant to all but 1 of the drug
families tested (carbapenem). No resistance to carbapenem group A, metallo-pB-lactamase, or
AmpC B-lactamase production were found by phenotypic methods.

Among ESBL producers, the blargpm gene was the most frequent (31/35, 88.6%), followed
by blacTx.m (29/35, 82.9%), whereas the blagpy gene was only present in 4 isolates
(11.4%). Of the 35 ESBL-positive bacteria, 2 (5.7%) harbored the 3 b/a genes tested, 24
(68.6%) harbored blactx-.m and blarem, and 1 (2.9%) harbored blargy and blaspyy. Four
bacteria (11.4%) only carried the b/argp gene, 3 bacteria (8.6%) only carried the blacTx-m
gene, and 1 bacterium (2.9%) only carried the b/agpy, gene. All £ coli and five Enterobacter
spp carried the blacTx.m gene and blargy gene simultaneously. Additionally, 2 Enterobacter
sppwere blactx-pm only and other 2 were blargpy positive only. Two K oxyfoca were
blarg\m-positive carriers and another one was a blactx-m-positive carrier. All of the K
pneumoniae were blaspy positive, and 2 of them harbored the blactx.m and blargnm genes
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at the same time. Another one just harbored the blatgp gene. Only 1 K pneumoniae was
negative for the detection of the blactx.p and blaTgpm genes.

DISCUSSION

We observed that Enterobacteriaceae contamination on phones of ICU health care workers
was frequent and distributed fairly uniformly across the studied hospitals during the study
period. Hospitals, occupational group, time working at the ICU, and frequency of phone use
were not statistically associated with having bacterial isolates from phones. A significant but
weak association between increased phone contamination and disinfectant use (RR, 1.47; P
=.043) suggests that disinfection is used in response to concerns of contamination but may
not reduce the risk. Type of ICU and knowledge of pathogen transmission and
contamination had borderline significant associations with presence of bacteria but without
important risk discrimination (RRs, 0.58-1.46). Despite having nearly 500 samples, we
failed to observe the increased risk of having a positive sample associated with a touchscreen
phone, as shown by Lee et al.2% The frequent contamination observed apparently rose from
phone use inside the ICUs: 47.4% of HCWs used their phones >5 times while working, and
76.1% did not disinfect their phones in general. We did not study other hygiene-related
practices like whether hand-washing and decontamination of shared equipment affect
bacterial contamination in phones; this deserves further exploration.

Previous studies have described bacterial contamination in phones,8-12:20 put so far there is
no clear understanding of whether contaminated phones introduce bacteria into hospitals,
take pathogens from hospitals to the community, or both. Our study design did not allow us
to answer such mechanistic questions, partially because of the absence of a nonhospital
comparison group. Further studies are needed to better understand the directionality of the
relationship between phone and ICU bacterial contamination. The MDR bacteria identified
on the phones suggest that phone contamination is a marker of the nosocomial pathogens
that circulate in the ICU because our study participants only work in their respective
hospitals or ICUs because of our inclusion criteria, and the patterns of resistance observed
are rare outside hospitals. The potential physical sources of phone contamination inside the
ICU also remain unclear; however, it is probably safe to assume that most phones were
exposed to bacteria by the contaminated hands of ICU personnel. However, how
contamination reached the hands of HCWs is also important and still unknown: other
HCWs, patients, shared devices, the environment, or other sources. The overall conclusion is
that phones can help to spread contamination from ICUs to the community, other hospitals,
or wards, and neither bans to their use in ICUs nor a policy of mandatory periodic
disinfection in resource-limited settings could be issued. Disinfecting phones efficiently may
be a partial solution, but this does not address the greater issue: phones probably should not
be brought into ICUs.

We isolated ESBL MDR Enterobacteriaceae constantly across the whole study period and in
the 3 hospitals. We found a high prevalence of ESBL-producing Enferobacteriaceae,
predominantly £ coliand K pneumoniae, which are the most common bacteria described
and related to outbreaks in 1CUs.12421 We observed several different antimicrobial ESBL
patterns. Such diversity may suggest multiple, separate introductions of different bacteria
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instead of either a few introductions of pathogens with specific drug resistance patterns or
the persistence of some particular bacteria throughout the study period. Also, the weak or
lack of association between potential risk factors and bacterial positivity might be the result
of multiple introductions of contamination lacking a single, main pattern. Therefore, based
on our data, it can be hypothesized that phones may not maintain the circulation of bacteria
over long periods but instead allow multiple and even continuous introductions of both
susceptible and resistant bacteria.

We characterized the genes associated with ESBL-producing bacteria and found at least 1 in
all 35 ESBL-positive isolates. The coexistence of =2 b/a genes and its role in the production
of ESBL should be interpreted with caution because only the b/actx-pm gene encodes ESBL
enzymes, whereas the blargy and blaspy genes are not necessarily ESBL enzymes.2? It is
possible that the ESBL-producer status is attributable to the presence of the b/acTx.\m gene
regardless of simultaneously carrying the blargpm or blasyy gene. Also, 1 K pneumoniae
isolate (chromosomal blagyy carrier) was negative for the blargy and the blactx-m genes
but was ESBL positive by phenotypic tests. It is possible that a particular type of ESBL
blaSspy gene or another variety of ESBL enzyme is associated with ESBL production in
this case.

Bacterial contamination in phones of ICU staff was frequent and diverse, leading to a large
number of isolates. This suggests that phones may be sensitive indicators to monitor
bacterial contamination in settings where phones are frequently used, not regularly
disinfected, and exposed to the environment. However, we observed no clusters of isolates of
exactly the same bacteria in a hospital and period. This absence of detected outbreaks could
suggest that the bacteria isolated on phones may not be capable of causing human infections
because of the lack of a point source. Alternatively, bacteria may have caused either small or
self-contained outbreaks that did not spread or were not identified because of our spaced
weekly sampling. Our data clearly indicate that phones have the potential to act as bacterial
reservoirs but may lack the specificity necessary to detect outbreaks and serve as early
warning systems. Further study is needed to accurately estimate their contribution to the
overall burden of nosocomial infections and their value as a possible surveillance tool.

Compliance with all planned study visits was partial because of changes in personnel’s
schedules, lack of interest among participants, and potentially other factors. Only 4 of 10
potential visits were conducted on average, and revisits could not be scheduled because of
the narrow time frame of the study. The positive correlation between the number of phone
swabs and the positivity rate may be the result of surveillance biases resulting from greater
interest in participants who may have suspected that their phones were contaminated.
However, adjustment by the number of samples did not alter importantly the associations (or
lack thereof) observed between positivity rate and potential risk factors, suggesting that any
biases may have only a limited and partially correctable effect in the results and conclusions.
Additionally, incomplete sampling also limited our ability to determine bacterial persistence
over time and clearly identify bacterial clusters or similar antimicrobial patterns that suggest
transmission in the ICU per sampling date. Finally, the associations between self-reported
knowledge and behaviors and positive bacteria isolation were not significant, probably
because of the relatively small sample size and potentially small effect sizes. Stronger
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associations such as those between drug resistance and ESBL-producing bacteria were
highly significant even with the much smaller sample size of the number of £ cofiand K
pneumoniae infections.

In summary, our data suggest that phones represent an important source of ESBL bacteria in
ICUs in the developing world. Based on our findings, the portability of phones and poor
hygiene may facilitate the transmission of ESBL-producing and MDR bacteria within and
across wards. Also, phones may serve in keeping a myriad of different pathogens circulating
in the ICU for a prolonged time and even could be carried outside the source hospital.
HCWs use their phones excessively in the ICU and do not disinfect their phones regularly.
Therefore, strict adherence to phone bans in ICUs and compliance to reduce the use of
phones in sensitive settings could be encouraged to minimize the threat of nosocomial
infections in vulnerable patients.
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Fig. 1.
Frequency of Enterobacteriaceae isolated in 5 Peruvian neonatology and pediatric intensive

care units of 3 hospitals. Extended-spectrum p-lactamase (ESBL)—producing
Enterobacteriaceae contamination on health care workers’ phones was frequent and present
across the sampling sites.
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Table 3

Antibiotic resistance pattern of Enterobacteriaceae isolated from health care workers’ cell phones

Organism and drugresistance  Phenotype: ESBL negative  Phenotype: ESBL positive P value®

Enterobacterspp (n = 48; ESBL negative: n = 39; ESBL positive: n = 9)

Tobramycin 0.0 (0/39) 88.9 (8/9) <.001
Gentamicin 0.0 (0/39) 88.9 (8/9) <.001
Amikacin 0.0 (0/39) 33.3 (3/9) .005
Cefoxitin 38.5 (15/39) 0.0 (0/9) 042
Ciprofloxacin 0.0 (0/39) 88.9 (8/9) <.001
Sulfamethoxazole-trimethoprim 0.0 (0/39) 100.0 (9/9) <.001
Escherichia coli (n = 34; ESBL negative: n = 15; ESBL positive: n = 19)

Tobramycin 6.7 (1/15) 78.9 (15/19) <.001
Gentamicin 6.7 (1/15) 52.6 (10/19) .005
Amikacin 0.0 (0/15) 10.5 (2/19) 492
Cefoxitin 6.7 (1/15) 10.5 (2/19) 441
Ciprofloxacin 13.3 (2/15) 100.0 (19/19) <.001
Sulfamethoxazole-trimethoprim 20.0 (3/15) 63.2 (12/19) .017
Klebsiella pneumoniae (n = 13; ESBL negative: n = 9; ESBL positive: n = 4)

Tobramycin 0.0 (0/9) 100.0 (4/4) <.001
Gentamicin 0.0 (0/9) 100.0 (4/4) <.001
Amikacin 0.0 (0/9) 25.0 (1/4) 308
Cefoxitin 11.1 (1/9) 50.0 (2/4) 203
Ciprofloxacin 0.0 (0/9) 75.0 (3/4) .014
Sulfamethoxazole-trimethoprim 11.1 (1/9) 75.0 (3/4) .052
Kilebsiella oxytoca (n = 10; ESBL negative: n = 7; ESBL positive: n = 3)

Tobramycin 0.0 (0/7) 33.3(13) .300
Gentamicin 0.0 (0/7) 33.3(1/3) .300
Amikacin 0.0 (0/7) 0.0 (0/3) 1.000
Cefoxitin 0.0 (0/7) 33.3 (1/3) 300
Ciprofloxacin 0.0 (0/7) 66.7 (2/3) .067
Sulfamethoxazole-trimethoprim 0.0 (0/7) 33.3(1/3) .300

NOTE. Values are % (n/N) or as otherwise indicated.

ESBL, extended-spectrum p-lactamase.

*
Fisher exact or X2 test as appropriate.
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