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ABSTRACT KEYWORDS
Automated Teller Machines (ATM) are likely to be contaminated Antibiotic resistance; ATM;
with various microorganisms because of their contact with the  Microbial contamination
hands of many users daily. The main objective of this study was

to investigate ATMs as a potential source of bacterial contam-

ination. This study was conducted in the Metropolitan Area of

Porto, in which 50 swab samples were cultured on selective

media. Some isolates were identified based on colonial, morpho-

logical and biochemical characteristics. Susceptibility to several

antibiotics was also evaluated for each isolated organism. Most

contaminated ATMs had high numbers of Enterobacteriaceae and

Enterococci. Staphylococci and Enterobacteriaceae were the most

prevalent bacteria found. The recovered bacterial isolates varied

in their antibiotic resistance pattern; Staphylococcus spp. demon-

strated the most resistant profiles. With this pioneering study in

Portugal, it was demonstrated that although ATMs in metropo-

litan area of Porto were not highly contaminated, some poten-

tially pathogenic bacteria were present and resistant to some

commonly used antibiotics.

Introduction

Automated Teller machines (ATM), or cash machines, are electronic devices that enable
the clients of a financial institution to perform financial transactions without the need for
a human response. ATMs are the most widely used form of computerised public
technology since their invention in the late 1960s [1]. According to the ATM Industry
Association, there are close to 3 million cash machines installed worldwide [2].

ATMs are used daily by hundreds of people with different socio-economic status and
hygiene levels. The point of contact is the customer’s hands to the surfaces of keypad and/or
screen of these devices. Human beings have a marked tendency to pick up microorganisms
from environmental objects, and hands have been shown to play an important role in their
transmission [3]. Microorganisms can persist on environmental surfaces from hours to
months [4] and cross infection of microorganisms between environmental surfaces and
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a host has been reported [3]. It has also been shown that microbes once attached to hands
and some surfaces may be difficult to remove [5]. Thus, ATMs have a high possibility of
being contaminated with different types of microorganisms through contact with the
multiple users. Bik et al. [6] demonstrated that DNA signatures of microorganisms
associated with human skin communities, including potential pathogens, were present in
ATM keypads. Some authors demonstrated contamination of ATM machines, in particular
in underdeveloped countries [3,5,7-9]. As far as we know, in Europe, there are few studies
on this subject. Therefore, an investigation of the bacterial load of these devices may be
useful to increase our awareness about possible transmission mechanisms of potential
pathogens.

This study aimed to detect and/or enumerate microorganisms, especially pathogens, on
the frequently touched metallic keypads and/or metallic buttons of ATMs. Identification of
some pathogens and their antibiotic resistance were also investigated.

Materials and methods
Sampling

This study was carried out in the Metropolitan Area of Porto between October and
December 2015. Samples were collected from 50 ATMs (32 in the interior of a bank, 18
outside), all sited in cities (ATMs numbers 1-25 from Gaia; 26-30 from Maia and 31-50
from Porto) and with many users per day. Analyses were performed using one cotton
swab moistened in 1 mL sterile quarter strength Ringer’s solution (Lab M, Bury, United
Kingdom), which was scrubbed on all metallic contact surfaces used by operators
(metallic keypads and/or metallic buttons) and re-suspended in 10 mL of Buffered
Peptone Water (BPW, Merck, Darmstadt, Germany).

All samples were transported to the laboratory in a refrigerated box and analysed as
soon as they arrived (within 24 h).

Microbiological analyses

Appropriate decimal dilutions were prepared for microbial enumeration: total viable
microorganisms at 30°C [10], Enterobacteriaceae [11] and Enterococci on bile aesculin
azide agar (BEAA, Biokar Diagnostics, Beauvais, France) [12].

Detection of Listeria spp. was performed as described in ISO 11290-1 standard
[13]. Coagulase-positive and - negative Staphylococcus were detected according to
a Portuguese Standard [14] with some modifications. From each sample in BPW
solution (Sampling section), 1 mL was transferred to simple Chapman broth (tryp-
tone 5 g/L; meat extract 6 g/L; peptone protease 5 g/L; NaCl 75 g/L; lactose 7.5 g/L;
agar 0.5 g/L) and incubated at 37°C for 24 and 48 h. Cultures were then transferred to
Baird Parker Agar with egg yolk tellurite (BPA, Biokar Diagnostics) and plates
incubated for 24 to 48 h at 37°C. Characteristic colonies on BPA were confirmed by
coagulase test with rabbit plasma (bioMérieux, Marcy I’Etoile, France). Coliforms at
30°C and Escherichia coli were detected according to [15] and [16], respectively. After
incubation in simple lactose broth (Lab M) at 30°C for 48 h, coliforms at 30°C were
detected by growth and gas production in brilliant green broth (Oxoid, Basingstoke,
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United Kingdom) incubated at 30°C for 48 h and E. coli also by growth and gas
production in brilliant green broth and by indole production on peptone water, both
incubated at 44.5 °C for 48 h.

Characterisation and phenotypic identification of isolates

About 10% of colonies on each selective culture media were randomly selected and isolates
were characterised using their colonial and cellular morphology, Gram reaction and
conventional biochemical tests: Enterococci (n = 22) were tested for different growth
conditions and acid production from several sugars [17]; Listeria isolate was identified
according to the ISO 11290-1 standard [13]; Staphylococci (n = 66) were tested for colonial
pigment, acetoin production, presence of haemolysis, DNase, coagulase, urease, acid
production from fructose, D-galactose, D-mannitol, D-mannose, D-trehalose and
D-xylose [18] and susceptibility to novobiocin (5 pg) and polymyxin B (300 IU) according
to Iorio et al. [19]; when inhibition zones were >16 mm, isolates were classified as sensitive.

Classification of each group of isolates was based on Bergey’s Manual of Determinative
Bacteriology [18].

Antibiotic susceptibility testing

Antibiotics were chosen on the basis of their diverse representation of different classes of
antimicrobial agents. Minimum inhibitory concentrations (MIC; pg/mL) were determined, in
duplicate, by e-test for trimethoprim/sulphamethoxazole (SXT, AB Biodisk, Solna, Sweden)
and by the agar dilution method for penicillin G, oxacillin, ceftazidime, chloramphenicol,
nalidixic acid, nitrofurantoin (Sigma, Steinheim, Germany), ampicillin, vancomycin (Fluka,
Steinheim, Germany), ciprofloxacin, erythromycin, gentamicin, tetracycline and rifampicin
(kindly supplied by Labesfal, Portugal), according to the Clinical and Laboratory Standards
Institute (CLSI) [20].

Each isolate was classified as sensitive, intermediate or resistant according to CLSI [20]
and Listeria spp. isolate as described by Barbosa et al. [21].

Isolates exhibiting resistance to, at least, two of the antimicrobial agents of different
classes were considered as multi-resistant strains.

Results

Table 1 shows results obtained after enumeration of indicator organisms. Tables 2 and 3,
respectively, show the identification of isolated enterococci and staphylococci obtained
by physiological and biochemical tests. Figure 1 shows the prevalence of antibiotic
resistances found. Enterococci isolates showed higher resistance to tetracycline (36%)
followed by ciprofloxacin (23%), rifampicin (18%) and erythromycin (14%); 31.8% were
resistant to at least two antimicrobial agents of different classes, i.e. multi-resistant
(Figure 1(a)). All E. cecorum species were resistant to erythromycin, tetracycline and
ciprofloxacin. Remaining multi-resistant isolates were resistant to tetracycline and rifam-
picin (E. casseliflavus, E. mundtii and E. faecalis).
Listeria innocua isolate was sensitive to all antibiotics tested (data not shown).
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Figure 1. Percentage of isolates (%), belonging to different genera or family, that were sensitive (),
intermediate () or resistant (M) to several antibiotics.
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As observed in Figure 1(b), staphylococci were more resistant to B-lactams with
resistances to penicillin G, ampicillin and oxacillin of 66%, 56% and 12%, respectively,
followed by lower proportions of strains resistant to erythromycin (45%) and ceftazi-
dime (21%).

No relevant resistances of Enterobacteriaceae were found, with exception of about 60%
for nitrofurantoin (Figure 1(c)).

Discussion

Detection and enumeration of indicator organisms are often used, since their presence
may indicate the possible presence of pathogens [22].

Total viable microorganisms ranged from 10" to 10° CFU/swab (Table 1). Aldosary
[23] found values for total viable counts in ATMs, between 3.8 x 10> CFU and 1.3 x 10°
CFU and Morioka et al. [24] showed that viable bacterial cells were detected in more than
90% of ATMs analysed.

For the majority of the machines, Enterobacteriaceae counts were below the detec-
tion limit of the enumeration technique. Nevertheless, counts of 1.2 x 10° CFU/swab
and 2.8 x 10° CFU/swab were detected (Table 1). It is known that Enterobacteriaceae
presence on hands is a good indicator of poor hygiene, since their number is reduced
after handwashing [25].

Other indicator organisms group, as enterococci, were detected on 10 samples at levels
close to detection limit (1.0 x 10> CFU/swab); ATMs 26 and 29 were exceptions with 10*
CFU/swab (Table 1). Seven Enterococcus species were presumptively identified, E. faecalis
and E. cecorum being the most prevalent (Table 2).

Besides the detection of indicator organisms as coliforms and E. coli, the presence
of Listeria spp. and the pathogen L. monocytogenes was also evaluated. Listeria
monocytogenes has been implicated in several outbreaks of foodborne listeriosis,
which is an infection with high morbidity and mortality rates, largely confined to
its risk groups of pregnant women, the elderly and immunocompromised individuals
[26]. Many studies have shown the L. monocytogenes ability to colonise most surfaces
and equipment in the food industry [27]. In this sense, it is relevant to evaluate the
presence of this pathogen on the ATM surfaces, manipulated by so many users
belonging to risk groups. Escherichia coli and L. monocytogenes were not detected
on any sample (data not shown). Coliforms were detected on ATM number 8,
Listeria spp. on ATM number 14 (identified as L. innocua; data not shown) and
Staphylococcus coagulase positive on six ATMs (Numbers 1, 29, 31, 40, 45, 46). From
66 isolates of staphylococci, the most prevalent genus found, 12 different species were
identified and 31 isolates were only characterised to the genus level (Table 3). From
these, six isolates were Staphylococcus coagulase positive (five S. aureus and one
S. intermedius) and 60 Staphylococcus coagulase negative (CNS).

These results showed the presence of CNS and S. aureus, as already described in other
studies [3,5,8,28]. Staphylococcus aureus, in particular, is one of the major components of
the skin and nose microbiota, which probably explains its prevalence as a contaminant.
Transmission of S. aureus, including methicillin-resistant Staphylococcus aureus
(MRSA), occurs mainly by direct contact between the skins of human beings, but
S. aureus can survive long periods on inanimate objects. These may also represent an
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important reservoir for dissemination [29]. Users’ hands are probably an important
source of contamination on the interfaces, since hands typically touch innumerable
surfaces, objects and body fluids [30,31].

With a few exceptions, the analysed ATMs were not highly contaminated, compared
with some others studies. Tekerekoglu et al. [32] found higher values of contamination
on ATM:s in Turkey with CNS between 1.5 x 10°-1.2 x 10* CFU/mL and E. coli between
10°-10* CFU/mL. Saroja et al. [9], in India, showed a total microbial load ranging from
4.0 x 10° to 1.9 x 10° CFU/mL and presence of E. coli and Klebsiella spp. The other
studies reviewed are also outside Europe, mostly in developing countries [3,5,7,33]. On
the other hand, it should be noted that ATMs keyboards in Portugal are smooth, easily
cleanable and metallic; this may influence persistence of contaminants, since many
metals have antimicrobial properties [34].

Some ATMs are usually located in open spaces, exposed to wind and rain, others
inside bank buildings are more protected, and this could be a factor influencing the
microbial load. But Table 1 shows that no trend was found between location and the
contamination level, unlike studies that have shown that ATMs near hospitals are more
contaminated [8,35]. Hundreds of different people use ATMs daily, so the contamination
level is possibly a result of usage frequency, poor hygiene status of users and environ-
mental conditions around the ATMs.

Multi-resistances found in Enterococcus isolates from the ATMs studied are pertinent
since their clinical importance is directly related to the antibiotic resistance [36]. The
possible presence of some virulence factors combined with antibiotic resistance causes
concern because they enhance their role as effective opportunists in nosocomial infec-
tions [37].

Listeria innocua isolate, from ATM 14, was sensitive to all antibiotics tested (data not
shown). Jarvis et al. [38] also demonstrated that most Listeria species were susceptible to
all antibiotics.

Staphylococcus spp. showed the most resistant profiles, as already observed by others
[3,5]. The resistance of Staphylococcus spp., especially S. aureus, is already known and
their role in infections, particularly nosocomial infections, is widely reported [39]. None
of the isolates identified as S. aureus were resistant to oxacillin. Zhang et al. [28] found
0.5% of MRSA isolates from the 15.5% of the ATM:s that yielded S. aureus. The rankings
of multi-resistance showed that 41.5% of Staphylococcus spp. isolates exhibited resistance
to two or more classes of antibiotics; of these, 18.2% were Staphylococcus spp., but only
3% were resistant to oxacillin. Of the six S. epidermidis isolates, five showed multi-
resistant profile (resistance to penicillin, ampicillin, erythromycin and some to gentami-
cin). Oxacillin resistance has been increasing in coagulase-negative Staphylococcus [40].

About 60% of Enterobacteriaceae were resistant to nitrofurantoin and just 3% to
chloramphenicol (Figure 1(c)). This high percentage of resistant isolates to nitrofurantoin
should be highlighted, because resistance to this drug has remained virtually unchanged
since its discovery [41]. Nonetheless, some studies have already shown the emergence of
resistant strains [42,43]. No relevant resistances to other antibiotics tested were found,
even knowing the high ability of this family to acquire antibiotic resistances [39].

In this study, some bacterial species were found to coexist on an interface of the ATMs
analysed, which have different characteristics, including resistance to some antibiotics.
Occurrence of resistance in pathogens may reduce the effectiveness of previously useful
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antibiotics. The risk of spreading antibiotic-resistant bacteria through contact with ATM
machines should not be neglected, in terms of impact on public health.

With this pioneering study on microbial contamination in Portugal, it was demon-
strated that although ATMs in the metropolitan area of Porto were not highly contami-
nated, some potentially pathogenic bacteria were present and resistant to some
commonly used antibiotics. Since many people may be in contact with these surfaces
daily, there is a risk of possible contamination and transmission of pathogens in the
community. This is a question for the maintenance of public health. Further studies
should be carried out on hygiene measures to be implemented at these sites and/or the
possible cost/benefit advantage of replacing the current material that constitutes ATMs
with antimicrobial materials. Meanwhile, disinfection of the hands after use of such
equipment is advisable. Retrofitting the sites of ATMs with bactericidal gel dispensers, as
in hospitals, would not be a costly safeguard.

Acknowledgments

This work was supported through project ‘Biological tools for adding and defending value in key
agro-food chains (bio—n2—value)’, No. NORTE-01-0145-FEDER-000030, funded by Fundo
Europeu de Desenvolvimento Regional (FEDER), under Programa Operacional Regional do
Norte—Norte2020”. We would also like to thank the scientific collaboration under the
Fundagdo para a Ciéncia e a Tecnologia (FCT) project UID/Multi/50016/2019. Financial support
for author J. Barbosa was provided by a post-doctoral fellowship SFRH/BPD/113303/2015 (FCT).
The authors express their gratitude to the editor Dr Michael Brett-Crowther for his valuable
comments to improve this manuscript.

Disclosure statement

No potential conflict of interest was reported by the authors.

ORCID

Joana Inés Bastos Barbosa (2 http://orcid.org/0000-0001-5879-9458
Helena Da Conceigdo Pereira Albano (°) http://orcid.org/0000-0002-2798-1924
Paula Cristina Maia Teixeira (2) http://orcid.org/0000-0002-6296-5137

References

[1] Batiz-Lazo, B. and Reid, R.J.K., 2008, Evidence from the patent record on the development
of cash dispensing technologY. (accessed on 27 April 2019). Available online at: https://
mpra.ub.uni-muenchen.de/9461/1/MPRA_paper_9461.pdf

[2] Morrison, D., 2014, “3 million ATMs worldwide by 2015: ATM association”. (accessed on
27 April 2019). Available online at: http://www.cutimes.com/2014/07/28/3-million-atms-
worldwide-by-2015-atm-association?slreturn=1464791421

[3] Okoro, N., Mercy, M., Chukwudi, A., Oko, I, Chukwudum, S.O., Agah, V.M., and
Ekuma, U.O., 2012, Antibiogram of bacteria isolated from Automated Teller Machines
within Abakaliki. American Journal of Infectious Diseases 8, 168-174. doi:10.3844/
ajidsp.2012.168.174.

[4] French, G.L, Otter, J.A., Shannon, K.P., Adams, N.M., Watling, D., and Parks, M.]., 2004,
Tackling contamination of the hospital environment by Methicillin-Resistant


https://mpra.ub.uni-muenchen.de/9461/1/MPRA_paper_9461.pdf
https://mpra.ub.uni-muenchen.de/9461/1/MPRA_paper_9461.pdf
http://www.cutimes.com/2014/07/28/3-million-atms-worldwide-by-2015-atm-association?slreturn=1464791421
http://www.cutimes.com/2014/07/28/3-million-atms-worldwide-by-2015-atm-association?slreturn=1464791421
https://doi.org/10.3844/ajidsp.2012.168.174
https://doi.org/10.3844/ajidsp.2012.168.174

(10]

(11]

(12]

(13]

(14]
(15]
(16]

(17]

(18]

(19]

(20]

(21]

INTERNATIONAL JOURNAL OF ENVIRONMENTAL STUDIES e 219

Staphylococcus aureus (MRSA): A comparison between conventional terminal cleaning and
hydrogen peroxide vapour decontamination. Journal of Hospital Infection 57, 31-37.
doi:10.1016/j.jhin.2004.03.006.

Onuoha, S.C. and Fatokun, K., 2014, Bacterial contamination and public health risk
associated with the use of banks’ Automated teller machines (ATMs) in Ebony State,
Nigeria. American Journal of Public Health Research 2, 46-50. doi:10.12691/ajphr-2-2-2.
Bik, H.M., Maritz, ].M., Luong, A., Shin, H., Dominguez-Bello, M.G., and Carlton, J.M.,
2017, Microbial community patterns associated with automated teller machine keypads in
New York City. Applied Environmental Science 1, 1-18.

Abban, S. and Tano-Debrah, K., 2011, Automatic teller machines (ATMs) as potential
sources of food-borne pathogens — A case from Ghana. Nature and Science 9, 63-67.
Otu-Bassey, I.B., Usang, A.LM.M., Gilbert, K.D., and Daniel, H.B., 2015, Microbiological
survey of automated teller machines (ATM) in Calabar Metropolis. International Journal of
Development Research 5, 5761-5765.

Saroja, V., Kamatchiammal, S., Brinda, K., and Anbazhagi, S., 2013, Enumeration and
characterisation of coliforms from Automated Teller Machine (ATM) Centers in Urban
Areas. Journal of Modern Biotechnology 2, 14-22.

ISO, 2013, Microbiology of the food chain - Horizontal method for the enumeration of
microorganisms - Part 1: Colony count at 30 °C by the pour plate technique. International
Standard ISO 4833-1.

ISO, 2000, Microbiology of food and animal feeding stuffs - Horizontal method for the
detection and enumeration of Enterobacteriaceae - Part 2: Colony-count method.
International Standard ISO 21528-2.

Ferreira, V., Barbosa, ., Vendeiro, S., Mota, A,, Silva, F., Monteiro, M.]., Hogg, T., Gibbs, P.,
and Teixeira, P., 2006, Chemical and microbiological characterization of alheira: A typical
Portuguese fermented sausage with particular reference to factors relating to food safety.
Meat Science 73, 570-575. doi:10.1016/j.meatsci.2006.02.011.

ISO, 1996, Microbiology of food and animal feeding stuffs - Horizontal method for the
detection and enumeration of Listeria monocytogenes - Part 1: Detection method.
International Standard ISO 11290-1.

IPQ, 1986b, Food microbiology. General rules for identifying Staphylococcus aureus,
Portuguese Standard NP, 2260.

IPQ, 1983, Food microbiology. General rules for identifying coliform bacteria, Portuguese
Standard NP 2164.

IPQ, 1986a, Food microbiology. General rules for identifying Escherichia coli, Portuguese
Standard NP, 2308.

Albano, H., van Reenen, C.A., Todorov, S.D., Cruz, D., Fraga, L., Hogg, T., Dicks, LM.T.,
and Teixeira, P., 2009, Phenotypic and genetic heterogeneity of lactic acid bacteria isolated
from “Alheira”, a traditional fermented sausage produced in Portugal. Meat Science 82,
389-398. doi:10.1016/j.meatsci.2009.02.009.

Holt, J.G., Krieg, N.R,, Sneath, P.H.A,, Staley, ].T., and Williams, S.T., 1994, Bergey’s Manual
of Determinative Bacteriology 9th ed., (Philadelphia: Lippincott Williams & Wilkins).
Iorio, N.L.P., Ferreira, RB.R,, Schuenck, R.P., Malvar, K.L,, Brilhante, A.P., Nunes, A.P.F,,
Bastos, C.C.R.,, and Santos, K.R.N., 2007, Simplified and reliable scheme for species-level
identification of Staphylococcus clinical isolates. Journal of Clinical Microbiology 45,
2564-2569. doi:10.1128/JCM.00679-07.

Clinical and Laboratory Standards Institute, 2012, Performance Standards for Antimicrobial
Susceptibility Tests; Document M100, (Wayne, PA: Clinical and Laboratory Standards
Institute).

Barbosa, J., Magalhdes, R., Santos, S., Ferreira, V., Brandio, T.R.S,, Silva, J., Almeida, G., and
Teixeira, P., 2013, Evaluation of antibiotic resistance patterns of food and clinical Listeria
monocytogenes isolates in Portugal. Foodborne Pathogens and Disease 10, 861-866.
doi:10.1089/fpd.2013.1532.


https://doi.org/10.1016/j.jhin.2004.03.006
https://doi.org/10.12691/ajphr-2-2-2
https://doi.org/10.1016/j.meatsci.2006.02.011
https://doi.org/10.1016/j.meatsci.2009.02.009
https://doi.org/10.1128/JCM.00679-07
https://doi.org/10.1089/fpd.2013.1532

220 J. 1. B. BARBOSA ET AL.

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

[31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

Moore, G. and Griffith, C., 2002, A comparison of surface sampling methods for detecting
coliforms on food contact surfaces. Food Microbiology 19, 65-73. doi:10.1006/
fmic.2001.0464.

Aldosary, S.K.A., 2016, Handborne transmission of infectious agents by escalator handrails,
shopping carts and automated teller machines (ATMs). Food, Agriculture and Environment
14, 128-130.

Morioka, I., Uda, K., and Yamamoto, M., 2015, Contamination and cleaning of touch panels
used in everyday life and the awareness of persons in charge and users of devices about
contamination. Japanese Journal of Hygiene 70, 242-248. doi:10.1265/jjh.70.242.

de Wit, J.C. and Rombouts, F.M., 1992, Faecal micro-organisms on the hands of carriers:
Escherichia coli as model for Salmonella. Zentralbl Hyg Umweltmed 193, 230-236.
Almeida, G.N,, Gibbs, P.A., Hogg, T.A., and Teixeira, P.C., 2006, Listeriosis in Portugal: An
existing but under reported infection. BMC Infectious Diseases 6(article), 153. doi:10.1186/
1471-2334-6-153.

Ferreira, V., Barbosa, J., Stasiewicz, M., Vongkamjan, K., Moreno Switt, A., Hogg, T., Gibbs, P.,
Teixeira, P., and Wiedmann, M., 2011, Diverse geno- and phenotypes of persistent Listeria
monocytogenes isolates from fermented meat sausage production facilities in Portugal. Applied
and Environmental Microbiology 77, 2701-2715. doi:10.1128/AEM.02553-10.

Zhang, K., O’'Donoghue, M., and Boost, M.V., 2012, Characterization of staphylococci
contaminating automated teller machines in Hong Kong. Epidemiology and Infection 140,
1366-1371. doi:10.1017/S095026881100207X.

Simdes, R.R., Aires-de-Sousa, M., Concei¢do, T., Antunes, F., Da Costa, P.M., and de
Lencastre, H., 2011, High prevalence of EMRSA-15 in Portuguese public buses:
A worrisome finding. PLoS One 6, 17630. doi:10.1371/journal.pone.0017630.

Angelakis, E., Azhar, E.L, Bibi, F., Yasir, M., Al-Ghamdi, A.K., Ashshi, A.M., Elshemi, A.G.,,
and Raoult, D., 2014, Paper money and coins as potential vectors of transmissible disease.
Future Microbiology 9, 249-261. doi:10.2217/fmb.13.161.

Famurewa, O. and David, O.M., 2009, Cell phone: A medium of transmission of bacterial
pathogens. World Rural Observations 1, 69-72.

Tekerekoglu, M.S., Yakupogullari, Y., Otlu, B., Duman, Y., and Gucluer, N., 2013, Bacteria
found on banks’ automated teller machines (ATMs). African Journal of Microbiology
Research 7, 1619-1621. doi:10.5897/AJMR12.390.

Nagajothi, N., Jeyakumari, D., Vigneshwaran, S., Kumar, RP., Bharatwaj, R.S., and
Bagyalakshmi, R., 2015, Study of prevalence of microbial contamination with its antibiotic
resistance pattern in automated teller machine in and around Puducherry, India.
International Journal of Earth, Environment and Health Science 1, 27-31. doi:10.4103/
2423-7752.159924.

Lemire, J.A., Harrison, J.J., and Turner, RJ., 2013, Antimicrobial activity of metals:
Mechanisms, molecular targets and applications. Nature Reviews Microbiology 11,
371-384. doi:10.1038/nrmicro3028.

Chairman, K., Matthew, E.K., Pandmalatha, C., and Rajet Singh, A.J.A., 2011, Beware of
pathogenic microbes in public utility devices. Journal of Microbiology and Biotechnology
Research 1, 85-90.

Kristich, C.J., Rice, L.B., and Arias, C.A., 2014, Enterococcal infection—treatment and
antibiotic resistance, In: M.S. Gilmore, D.B. Clewell, Y. Ike et al. (Eds.) Enterococci: From
Commensals to Leading Causes of Drug Resistant Infection [Internet]. (Boston:
Massachusetts Eye and Ear Infirmary), pp. 1-62.

Barbosa, J., Gibbs, P.A., and Teixeira, P., 2010, Virulence factors among enterococci isolated
from traditional fermented meat products produced in the North of Portugal. Food Control
21, 651-656. doi:10.1016/j.foodcont.2009.10.002.

Jarvis, N.A,, Crandall, P.G., O’Bryan, C.A., and Ricke, S.C., 2015, Chapter 8 — antimicrobial
resistance in listeria spp. In: C.Y. Chen, X. Yan, and C.R. Jackson (Eds) Antimicrobial
Resistance and Food Safety (USA: Academic Press), 137-153.


https://doi.org/10.1006/fmic.2001.0464
https://doi.org/10.1006/fmic.2001.0464
https://doi.org/10.1265/jjh.70.242
https://doi.org/10.1186/1471-2334-6-153
https://doi.org/10.1186/1471-2334-6-153
https://doi.org/10.1128/AEM.02553-10
https://doi.org/10.1017/S095026881100207X
https://doi.org/10.1371/journal.pone.0017630
https://doi.org/10.2217/fmb.13.161
https://doi.org/10.5897/AJMR12.390
https://doi.org/10.4103/2423-7752.159924
https://doi.org/10.4103/2423-7752.159924
https://doi.org/10.1038/nrmicro3028
https://doi.org/10.1016/j.foodcont.2009.10.002

(39]

[40]

[41]

[42]

(43]

INTERNATIONAL JOURNAL OF ENVIRONMENTAL STUDIES e 221

Ventola, C.L., 2015, The antibiotic resistance crisis. Part 1: Causes and threats. Pharmacy
and Therapeutics 40, 277-283.

Pereira, V.C. and Cunha Mde, L., 2013, Coagulase-negative staphylococci strains resistant to
oxacillin isolated from neonatal blood cultures. Memorias Do Instituto Oswaldo Cruz 108,
939-942. doi:10.1590/0074-0276130644.

Munoz-Davila, M.]., 2014, Role of old antibiotics in the era of antibiotic resistance, high-
lighted nitrofurantoin for the treatment of lower urinary tract infections. Antibiotics 3,
39-48. doi:10.3390/antibiotics3010039.

Garcia, V., Montero, L., Bances, M., Rodicio, R., and Rodicio, M.R., 2017, Incidence and
genetic bases of nitrofurantoin resistance in clinical isolates of two successful multidrug-
resistant clones of Salmonella enterica Serovar Typhimurium: Pandemic “DT 104” and
pUO-StVR2. Microbial Drug Resistance 23, 405-412. d0i:10.1089/mdr.2016.0227.
Khawcharoenporn, T., Vasoo, S., and Singh, K., 2013, Urinary tract infections due to
multidrug-resistant Enterobacteriaceae: Prevalence and risk factors in a Chicago emergency
department. Emergency Medicine International 2013, Article ID 258517, 7. doi:10.1155/
2013/258517.


https://doi.org/10.1590/0074-0276130644
https://doi.org/10.3390/antibiotics3010039
https://doi.org/10.1089/mdr.2016.0227
https://doi.org/10.1155/2013/258517
https://doi.org/10.1155/2013/258517

	Abstract
	Introduction
	Materials and methods
	Sampling
	Microbiological analyses
	Characterisation and phenotypic identification of isolates
	Antibiotic susceptibility testing

	Results
	Discussion
	Acknowledgments
	Disclosure statement
	ORCID
	References



