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Resistotyping of Escherichia coli and Staphylococcus aureus Isolated from Automated Teller Machine, Bikanner, Rajasthan, India
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ABSTRACT
	Background: Antimicrobial medications have long been utilized to combat harmful germs in various settings such as homes, workplaces, and hospitals. Nevertheless, prolonged use of these medications has led to the emergence of resistant bacteria. The constant human contact and environmental factors create favourable conditions for the colonization and transmission of bacteria, including those carrying antibiotic-resistance. So, the emergence and spread of antibiotic-resistant bacteria pose a significant threat to global public health.
Aims: The present study isolate, identify, and determine the antibiotic resistance pattern of Escherichia coli and Staphylococcus aureus isolated from crowded and non-crowded Automated Teller Machines (ATMs) within a 3-4 km radiusof government PBM (Prince Bijay Singh Memorial) hospital, Bikaner, Rajasthan, India.
Place and Duration of Study: This Descriptive observational study carried out at Department of Biotechnology and Microbiology, M. N. College and Research Institute (https://www.mncollegebkn.com/), for the period of 2 months from May 2024 to July 2024.
Methodology: A total of 14 swabbed samples (7 from screens and 7 from keyboards) were collected from 7 different private and government ATMs within the 3-4 km vicinity of PBM Hospital. Swabbed samples were cultured, and E. coli and S. aureus were isolated. Biochemical analysis and antibiotic susceptibility testing were performed on all isolates.Escherichia coli isolates were further screened for ESBL (Extended- Spectrum β-Lactamases) production.
Results:Out of 28 isolates, 26 (92%) were found resistant to two or more drugs. The Multiple Antibiotic Resistance (MAR) index was above 0.2 for all except 2 isolates, suggesting exposure to high antibiotic load environments. Among the E. coli isolates 14 were screened for ESBL production, of which 4 (29%) tested positive. The Shannon diversity index was found to be low which was less than 1.5, with the evenness of 0.942 for E. coli and 0.903 for S. aureus. By integrating these strategies- enhance hygiene practices for public interfaces like ATMs, rigorous infection control protocols among healthcare workers and prudent antibiotic stewardship-healthcare facilities can significantly reduce the incidence of nosocomial infections, thereby improving patient outcomes and reducing associated healthcare costs. 

Conclusion: ATMs may act as potential vectors for nosocomial infections, primarily due to frequent human contact. The study highlights the need for regular disinfection protocols, especially for ATM keypads and screens. Additionally, further studies are needed to identify the underlying multidrug resistance mechanisms of these bacterial isolates.





1. INTRODUCTION

An Automated Teller Machine or Automatic Teller Machine (ATM) is an electronic banking outlet that allows the customer to complete transaction without the aid of cashier or teller. ATMs can be found in city centers, business areas, and also, in and outside bank premises. People of different social levels and hygienic status visit ATMs daily for a quick-service transaction and the hands is a point of contact on the surfaces of the keypad devices. The human surface tissue (skin) is constantly in contact with environmental microorganisms and becomes readily colonized by certain microbial species. Human hands can spread microorganisms among persons and places in the environment. In this vein, human hands can spread normal microflora organisms and transit organisms that have been picked from the environment (Faden, 2019). Microorganisms are omnipresent and have a tremendous ability to multiply fast in less time and can adapt to any environment. This is the main reason for their diverse nature of being found in various places like soil, wastewater, hot springs, on living organisms etc. Therefore, keeping this in mind, it is also possible for microbes to multiply on hardware interfaces like cyber appliances (ogilive and Hirsch, 2012). However, people generally thought that microbes are only present in labs and hospitals, which is a metaphor. This leads people to have severe health issues as both gram-positive (Staphylococcus aureus) and gram-negative (Escherichia coli) microbes can survive on nonporous surfaces such as telephones, mobile phones etc for weeks to months. This is because there is no restriction on the usage of these facilities. The pressure, friction, moisture level, bacterial species etc influence the transfers of bacteria to other surfaces (Rekha et al., 2014). In 2005, the United States Centres for Disease Control (USCDC) observed that automated teller machines are one such interface that could allow microbes to get exchanged between contaminated hands and ATM (Saroja et al., 2013).  It was also shown that microbes may be difficult to eradicate once they become attached to hands or surfaces, as they can survive for extended periods (Onuoha and Fatokun, 2014). Moreover, studies have shown that microbes can be transmitted between surfaces and hosts (Ejimofor et al., 2023). The constant human contact and environmental factors create favourable conditions for the colonization and transmission of bacteria, including those carrying antibiotic-resistance genes (Jones et al., 2008). So the emergence and spread of antibiotic-resistant bacteria pose a significant threat to global public health (Mahmoudi et al., 2017; Cave et al., 2021). Antimicrobial medications have long been utilized to combat harmful germs in various settings such as homes, workplaces, and hospitals. Nevertheless, prolonged use of these medications has led to the emergence of resistant bacteria. Misuse or overuse of antibiotics and biocides has contributed to the development of cross-resistance, resulting in a rise in antibiotic- resistant bacteria in modern times (Innocent-Adieleet al., 2023).  Since there are no restrictions  on  who  can  access  the facility  and  no  rules  to  ensure  hygienic  usage, once infected, the machines become vehicles for the  spread  of  infection,  putting  users  at  risk  of contracting   these   infections   after   using   the machine.  Just  like  other  surfaces,  these  metallic keypads are susceptible to microbial colonization, particularly in locations where there are no adequate cleaning procedures in place. Many bacterial,  fungal  and  viral  pathogens  can survive   on   the   inanimateobjects   for   several months,   and   such   pathogens   could   cause epidemic   infections   as   a   result   of   direct   or indirect  contact.  Bacterial infection has  recently been estimated to be the leading cause of death by  2050,  causing  10  million  deaths  across  the globe (Stanton et al., 2024).
	Escherichia coli is a gram-negative facultative anaerobe and commensal of human intestinal microflora. Infrequently these can cause disease when the normal gastrointestinal barriers are breached in immunocompromised hosts (Sweeney et al., 1996). However, numerous highly specialized E. coli variants have acquired distinct virulence characteristics, enabling them to adapt effectively to new environments and causing a various diseases. These virulence traits are often carried on genetic components that can be transferred to different strains, leading to new combinations of virulence factors. Some of these genetic elements, which were previously mobile, have now become permanently integrated into the genome. Over time, only the most successful combinations of virulence factors have endured, giving rise to specific “pathotypes” of E. coli capable of causing illness in healthy individuals (Kaper et al., 2004). Whereas S. aureus is a gram-positive bacterium and a major cause of severe skin infections in humans globally (Klevens et al., 2007; Rasigade et al., 2014). It is also a leading cause of respiratory tract infections, especially pneumonia and other infections of surgical site, prosthetic joint, cardiovascular and nosocomial bacteremia (Tong et al., 2015). S. aureus is frequently gaining antibiotic resistance, among which methicillin-resistant S. aureus (MRSA) is clinically most important (Turner et al., 2019). Infections caused by MRSA during a hospital stay are associated with a higher rate of mortality and morbidity compared to methicillin-sensitive S. aureus (MSSA) (Gordon et al., 2021).
The objective of this study was to isolate, identify and determine the antibiotic resistance pattern of E. coli and S. aureus isolated from crowded and non-crowded ATMs (Automated Teller Machines) within the 3-4 km vicinity of the government hospital, Bikaner, Rajasthan, India.


2. methodology

Sampling 
A total of 14 swabbed samples were obtained from the screen and keypad of 7 different ATM locations within 3-4 km vicinity of PBM government hospital, Bikaner, Rajasthan (table-1). Samples were collected using swab sticks soaked in sterile normal saline. The swab sticks were immediately transferred to the microbiology laboratory of M. N. College and Research Institute, Bikaner, Rajasthan.  
Isolation and Identification 
All the collected swabs were inoculated in nutrient broth (Himedia, India) and incubated at 370C for 24 hours. For the isolation of E. coli the cultures were streaked directly on MacConkey agar (Himedia, India) for isolating pink lactose-fermenting colonies were further streaked on EMB (Eosin Methylene Blue) agar (Himedia, India) and incubated at 370C for 24 hours. The colonies showing characteristic green metallic sheen were picked and streaked on nutrient agar and incubated at 370C for 24 hours (Carter et al., 1994). For the isolation of S. aureus the cultures were streaked directly on manitol salt agar (MSA) and incubated at 370C for 24 hours (Winn, 2006). Yellow colonies were picked which is characteristic of S. aureus and streaked on nutrient agar and incubated at 370C for 24 hours. Hence 14 isolates of E. coli and 14 isolates of S. aureus, total 28 isolates, were cultured.
	Characterisation and identification of isolates was done on the basis of cultural appreance of organisms, colonial morphology, differential and selective media and biochemical analysis.	
Antimicrobial susceptibility testing 
Antimicrobial susceptibility was determined by disc diffusion method given by Bauer et al. (Bauer et al., 1996). The isolates were tested against 5 antimicrobial agents viz., protein synthesis inhibitor (macrolides and aminoglycoside), cell wall synthesis inhibitor (natural penicillin and aminopenicillin) and antimetabolite (combination of sulpha+trimethoprim) following the guidelines of Clinical Laboratory Standard Institute (CLSI 2015). The antibiotic dics were purchased from Himedia, Mumbai, India.
Screening of ESBL (Extended-Spectrum β-Lactamases) producing isolates
All the E. coli isolates were screened for ESBL production by combined disc diffusion method, using ceftazidime (30μg) and ceftazidime (30μg) + clavulanic acid (10μg).  ESBL production was confirmed by analyzing the increase in zone diameter of ≥5 mm in the presence clavulanic acid (Bhandari et al., 2016).
Statistical analysis 
The isolates were evaluated for MAR index for the risk assessment of MDR isolates. This index is used to analyze the bacterial contamination of the environment and given by Krumpermanet al. (1983). Further for the estimation of richness and the relative abundance of the species, Shannon-Wiener diversity index were calculated.

Here, 
H= the value for diversity
Pi= the proportion of species i
j= each species found in the community
s= the total number of species in the community

3. results and discussion

Isolation and Identification 
A total of 24 isolates were studied in the present study, among which 14 isolates were of E. coli and 14 of S. aureus. After the isolation, E. coli isolates were confirmed as gram-negative medium-sized rods and S. aureus isolates were confirmed as gram-positive cocci. All the isolates were further confirmed by biochemical analysis.   
Antimicrobial susceptibility testing 
A total of 28 bacterial strains (14 of E. coli and 14 of S. aureus) isolated from ATMs in the vicinity of 3-4 km of PBM government hospital, Bikaner, Rajasthan were analysed for the antibiotic resistivity pattern. Overall 42% (12/28) isolates were multidrug resistant among which 7 were of E. coli and 5 of S. aureus (table- 1). 
	Among β-lactum antibiotics 100% (14/14) isolates of E. coli and 78% (11/14) isolates of S. aureus were resistant to both ampicillin and penicillin respectively. 
	Among the category of protein synthesis inhibitors, 42% (6/14) E. coli and S. aureus were resistant to erythromycin whereas 100% (14/14) E. coli isolates were sensitive to gentamycin and only 28% (4/14) isolates of S. aureus were resistant to gentamycin.
	In the category of antimetabolite 35% E. coli and 14% S. aureus were resistant to cotrimoxazole. 
	Overall gentamycin, cotrimoazole and erythromycin showed effectiveness against E. coli isolates, whereas only gentamycin and cotrimoxazole showed effectivity against S. aureus isolates (figure- 1). 

Screening of ESBL producing isolates
Among the 14 isolates of E. coli only 4 isolates (B1S-1, B1K-1, B3S-1 and B4S-1) were found positive for ESBL production by double disc diffusion assay using ceftazidime and ceftazidime-clavulanic acid combination after placing the discs 20mm apart from each other (table- 2).

Statistical analysis 
Seven isolates of E. coli and five isolates of S. aureus were resistant to three or more antimicrobial agents with MAR index greater than 0.2. Isolates of E. coli had MAR index ranges from 0.4 to 0.8 while isolates of S. aureus had MAR index ranges from 0 to 0.8. 
	After resisto typing a total of 3 resisto groups were observed for both E. coli and S. aureus. Beside this the Shannon diversity index for E. coli was 1.03 while for S. aureus was 0.992 (table-3 & 4). The species diversity for both the genus was low with the evenness of 0.942 for E. coli and 0.903 for S. aureus.  

Discussion
Nosocomial infections are the hospital acquired infections. According to the National Healthcare Safety Network along with Centers for Disease Control for Surveillance, the agents causes nosocomial infections involves Streptococcus spp., Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia etc. These pathogenic bacteria transmitted from person to person via shared surfaces (Khan et al., 2015). ATMs are such terminals that are used without any interruption by people of different hygiene. This leads to the contamination of the ATMs surfaces and becomes the likely source of pathogenic bacteria. (Mahmoudi et al., 2017). So the present study was conducted to study the antibiogram of two most prevalent bacteria E. coli (gram negative) and S. aureus (gram-positive). The health hazards of these bacteria are well known and studied by several researchers (Vandenesch et al., 2012; Lausch et al., 2013 and Akinola et al., 2022).  These two bacteria are among the commonly isolated nosocomial pathogens (Shinagawa et al., 2010). 

Out of 28, 26 (92%) isolates were found resistant to 2 or more drugs isolated from the screens and keypads of ATMs located in the 3-4 km vicinity of PBM hospital. This may be due to the use of ATMs by persons visiting hospitals, the patients themselves or the asymptomatic patients that have infections in their body fluids (Murray et al., 2005). Besides this the hospital staff and other healthcare personal may also be involved in nosocomial infections (Lolekhaet al., 1981).
MAR index of these isolates except 2 isolates (B7S-2 and B7K-2) were found above 0.2 which means that the isolates were originated from the environment with high load of antibiotics, as extended hospitalisation involves the increased use of antibiotics which result in elevated resistivity among these pathogens ( World Health Organization, 2002; Khan et al., 2015)   Therefore, the ATMs could be a likely source of drug resistant pathogens (Adonu et al., 2025).
Among Enterobacteriaceae, there is an increased report of Extended-spectrum β-lactamases (ESBLs), which have the capacity to hydrolyse extended-spectrum cephalosporins and are inhibited by β-lactamase inhibitors such as clavulanic acid (Bradford, 2001).  Early detection of these bacteria is critical for the prevention and control of infection (Abdeta et al., 2022). Additionally, concerns are increasing about the limited number of treatment options due to the elevated levels of ESBL-producing organisms in both hospital and community settings (Wi et al., 2025). Therefore, in the present study, all E. coli isolates were analyzed for the production of ESBL. Out of 14 E. coli isolates, only 4 (29%) were found ESBL positive. Similarly clinical E. coli isolates were studied for the production of ESBL along with the multidrug-resistant S. aureus (Aboagye et al., 2025). 

Shannon diversity index calculated was found low which was less than 1.5, with the evenness of 0.942 for E. coli isolates and 0.903 for S. aureus isolates in the present study. This can be due to the horizontal gene transfer of antibiotic resistance genes via mobile genetic elements among commensals and pathogens (Crits-Christoph et al., 2022; Anjum and Maherchandani, 2022). This favors the rapid spread of multi-drug resistance among bacteria like foodborne pathogens (E. coli, Campylobacter spp., Enterococcus spp., Salmonella spp., Listeria spp., Staphylococcus spp.)  in humans and animals (Urban-Chmielet al., 2022). 



























Table 1.  Detail of samples and antibiotic susceptibility pattern of isolates measured in milimeters
	S. No. 
	Total No of Samples 
	Place Of Sampling 
	Distance from PBM Hospital
	Source of Sampling 
	Isolate ID
	 Bacterial Species 
	No. of Isolates 
	AMP
	E
	GEN
	P
	COT

	1
	2
	Bank-1
	800M
	Atm screen 
	B1S-1
	E. coli 
	4
	R
	R
	S(20)
	R
	R

	
	
	
	
	
	B1S-2
	S. aureus
	
	R
	R
	I(14)
	R
	R

	
	
	
	
	ATM keypad
	B1K-1
	E. coli 
	
	R
	R
	S(15)
	R
	R

	
	
	
	
	
	B1K-2
	S. aureus
	
	R
	R
	S(16)
	R
	R

	2
	2
	Bank-2
	2.5KM
	Atm screen
	B2S-1
	E. coli 
	4
	R
	I(14)
	S(20)
	R
	R

	
	
	
	
	
	B2S-2
	S. aureus
	
	R
	I(14)
	I(13)
	R(28)
	I(14)

	
	
	
	
	ATM keypad
	B2K-1
	E. coli 
	
	R
	R
	S(18)
	R
	I(12)

	
	
	
	
	
	B2K-2
	S. aureus
	
	R(16)
	R
	R
	R
	S(19)

	3
	2
	Bank-3
	2.5KM
	Atm screen
	B3S-1
	E. coli 
	4
	R
	R
	S(16)
	R
	R

	
	
	
	
	
	B3S-2
	S. aureus
	
	R
	I(21)
	S(15)
	R(28)
	S(16)

	
	
	
	
	ATM keypad
	B3K-1
	E. coli 
	
	R
	R
	S(15)
	R
	I(14)

	
	
	
	
	
	B3K-2
	S. aureus
	
	R
	R
	S(17)
	S(29)
	S(18)

	4
	2
	Bank-4
	3.1KM
	Atm screen
	B4S-1
	E. coli 
	4
	R
	R
	S(15)
	R
	R

	
	
	
	
	
	B4S-2
	S. aureus
	
	R(11)
	I(15)
	S(16)
	R
	S(19)

	
	
	
	
	ATM keypad
	B4K-1
	E. coli 
	
	R
	I(21)
	S(18)
	R
	S(16)

	
	
	
	
	
	B4K-2
	S. aureus
	
	R(12)
	I(20)
	S(15)
	R
	S(17)

	5
	2
	Bank-5
	3.5KM
	Atm screen
	B5S-1
	E. coli 
	4
	R
	S(23)
	S(19)
	R
	S(20)

	
	
	
	
	
	B5S-2
	S. aureus
	
	R(15)
	I(16)
	I(14)
	R
	S(16)

	
	
	
	
	ATM keypad
	B5K-1
	E. coli 
	
	R
	S(23)
	S(20)
	R
	S(17)

	
	
	
	
	
	B5K-2
	S. aureus
	
	R
	R
	R
	R
	S(19)

	6
	2
	Bank-6
	3.7KM
	Atm screen
	B6S-1
	E. coli 
	4
	R
	S(24)
	S(21)
	R
	S(20)

	
	
	
	
	
	B6S-2
	S. aureus
	
	S(17)
	S(24)
	R
	R(28)
	S(17)

	
	
	
	
	ATM keypad
	B6K-1
	E. coli 
	
	R
	S(25)
	S(24)
	R
	S(22)

	
	
	
	
	
	B6K-2
	S. aureus
	
	R(16)
	R
	R
	R
	S(20)

	7
	2
	Bank-7
	3.7KM
	Atm screen
	B7S-1
	E. coli 
	4
	R
	S(24)
	S(20)
	R
	S(24)

	
	
	
	
	
	B7S-2
	S. aureus
	
	S(18)
	S(23)
	I(13)
	S(29)
	S(22)

	
	
	
	
	ATM keypad
	B7K-1
	E. coli 
	
	R
	S(23)
	S(23)
	R
	S(17)

	
	
	
	
	
	B7K-2
	S. aureus
	
	S(17)
	S(24)
	S(18)
	S(30)
	S(20)












Table 2. ESBL production by E. coli strains isolated from different ATMs

	s. no.
	Isolates ID
	Ceftazidime (mm)
	Ceftazidime+clavulanic acid (mm)
	Increase in zone diameter (mm)
	ESBL


	
	
	
	
	
	Positive
	Negative

	1. 
	B1S-1
	19
	26
	7
	+
	

	2. 
	B1K-1
	16
	21
	5
	+
	

	3. 
	B2S-1
	19
	23
	4
	
	-

	4. 
	B2K-1
	20
	22
	2
	
	-

	5. 
	B3S-1
	17
	23
	6
	+
	

	6. 
	B3K-1
	21
	21
	Nil
	
	-

	7. 
	B4S-1
	17
	22
	5
	+
	

	8. 
	B4K-1
	22
	26
	4
	
	-

	9. 
	B5S-1
	22
	22
	Nil
	
	-

	10. 
	B5K-1
	22
	24
	2
	
	-

	11. 
	B6S-1
	24
	26
	2
	
	-

	12. 
	B6K-1
	23
	23
	Nil
	
	-

	13. 
	B7S-1
	25
	26
	1
	
	-

	14. 
	B6K-1
	26
	29
	3
	
	-

	Total 
	04
	10










Table 3. Shannon-Weiner Index E. coli strains isolated from different ATMs 
	Resistogroups
	Name of Isolates
	Sample No.
	Relative Abundance (Pi)
	Ln (Pi)
	Pi*Ln(Pi)

	G1
	B1S-1, B1K-1, B3S-1, B4S-1
	4
	0.286
	-1.25176
	-0.35800

	G2
	B2S-1, B2K-1, B3K-1
	3
	0.214
	-1.54178
	-0.32994

	G3
	B4K-1, B5S-1, B5K-1, B6S-1, B6K-1, B7S-1, B7K-1
	7
	0.50
	-0.69315
	-0.34658

	Total
	
	14
	1
	
	-1.03452

	
	
	
	Shannon-Weiner Index (H’)
	1.034515

	
	
	
	Linear log (eH’)
	2.813741









Table 4. Shannon-Weiner Index S. aureus strains isolated from different ATMs  
	Resistogroups
	Name of Isolates
	Sample No.
	Relative Abundance (Pi)
	Ln (Pi)
	Pi*Ln(Pi)

	G1
	B1S-2, B1K-2, B2K-2, B5K-2, B6K-2
	5
	0.357
	-1.03002
	-0.36772

	G2
	B2S-2, B3S-2, B3K-2, B4S-2, B4K-2, B5S-2, B6S-2
	7
	0.50
	-0.69315
	-0.34658

	G3
	B7S-2, B7K-2
	2
	0.143
	-1.94491
	-0.27812

	Total
	
	14
	1
	
	-0.99242

	
	
	
	Shannon-Weiner Index (H’)
	0.99242

	
	
	
	Linear log (eH’)
	2.69775







Fig. 1.  Overall resistivity pattern of isolated strains of E. coli and S. aureus


4. Conclusion

It can be concluded that ATMs may serve as vectors for nosocomial infections, primarily due to accumulation of bacteria on the frequently touched surfaces. To mitigate this risk, implementing regular disinfection protocols for ATM keypads and screens is essential. Additionally, employing antibacterial covers on these contact points and utilizing alcohol-based wipes before and after use can further reduce bacterial transmission. 
In healthcare settings, the role of healthcare workers in preventing the spread of infections cannot be overstated. Adherence to stringent infection control practices, including the proper use of personal protective equipment such as gloves, gowns, masks, and eye protection, is crucial. These measures serve to prevent the transmission of pathogens between patients and healthcare personnel.
	The use of antibiotics is another critical factor in controlling nosocomial infections. Overuse and misuse of antibiotics can lead to the development of drug-resistant organisms, complicating treatment protocols and increasing healthcare costs. Hospitals should establish comprehensive infection control programs that include regular surveillance, adherence to CDC (centers for Disease Control and Prevention) guidelines, and the sharing of best practices to effectively monitor and reduce infection rates.
	By integrating these strategies- enhancing hygiene practices for public interfaces like ATMs, rigorous infection control protocols among healthcare workers and prudent antibiotic stewardship-healthcare facilities can significantly reduce the incidence of nosocomial infections, thereby improving patient outcomes and reducing associated healthcare costs. 
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