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Prevalence of Multi-drug Resistant Bacteria on Point-of-Sale (POS) Machines and Associated Risk Factors in Kano Metropolis


Abstract 
Background: The Point-of-Sale (POS) machine is a portable computerized telecommunications device designed to facilitate financial transactions. Despite its utility, several studies have reported that POS machines are prone to contamination by various microorganisms due to frequent handling by multiple users, thereby creating a potential infection risk. The increasing prevalence of microbial resistance to commonly used antibiotics further exacerbates this public health concern. 
Objectives: The study aimed to examine the prevalence of multidrug-resistant (MDR) bacteria on POS machines in Kano Metropolis and identified associated risk factors. 
Methods: A mixed-methods design was employed, involving the collection of swab samples from POS machine surfaces across different locations within Kano Metropolis, as well as a questionnaire-based survey administered to vendors and users. 
Results: A total of 20 bacterial isolates were recovered, comprising Bacillus spp. (30%), Staphylococcus aureus (25%), Klebsiella spp. (15%), Pseudomonas aeruginosa (10%), coagulase-negative staphylococci (CoNS) (10%), Enterobacter spp. (5%), and Proteus spp. (5%). Microbial growth was observed on all sampled POS surfaces, indicating a 100% prevalence rate. The findings revealed limited awareness of MDR bacteria among participants, alongside poor cleaning and disinfection practices of POS machines, both of which contribute to the persistence and spread of resistant pathogens. 
Conclusion: The study concludes that public health interventions are urgently needed, including targeted awareness campaigns for POS operators and users on proper hygiene practices, as well as increased surveillance of antibiotic-resistant microorganisms on frequently handled devices.
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Introduction
A Point of Sales (POS) device is an electronic gadget that can be said to be similar to a mobile phone. It is a handy and efficient payment gadget that enables clients to use their credit or debit cards at any service facility or retail business [1]. A POS machine is an electronic device designed to view, much like an electronic sales register, usually operated through an interface accessible by sales staff. Point of Sale (POS) machines are compact digital devices comparable to ATMs in their functionality. Like ATMs, POS systems are computerized telecommunication tools that greatly facilitate banking today [2]. Despite their usefulness, different studies have indicated that ATMs and POS machines are prone to contamination from different microorganisms due to frequent handling by numerous users on a daily basis, thus posing an infection risk [3]. Research reveals a considerable increase in the use and creation of new POS terminals in Nigeria from 2017 to 2021. In the year 2017, roughly 155,000 terminals were reported to be available, and by April of 2022, this number had geometrically increased to almost 1.1 million. With this improved usage, POS transactions in Nigeria have significantly increased their volume and value [4]. The possibility of picking up microorganisms and being infected through contamination via mouth, nose, or eye contact with infected hands is especially high [5]. This risk grows with population expansion and the progressive digitization of the banking system, which moves away from conventional techniques (such as tellers and check books) known to be time-draining and stressful for clients, leading to widespread usage of ATMs and POS systems across Nigeria [6]. With the extensive awareness and acceptance of the use of POS systems in Nigeria, these systems are usually seen as a significant source of bacterial contamination, threatening public usage [7].
Microorganisms are found everywhere, usually resting on the surfaces of living and non-living objects, including the human and animal body. In many circumstances, most of these organisms play a vital role in the survival of their hosts [8]. Therefore, eradicating them by sanitizing settings may not always be useful. Infections can originate among persons through direct or indirect contact via hands or inanimate objects [9, 10]. Previous research has identified live pathogenic organisms on surfaces, which include currencies, door knobs, plastic materials, keyboard pads, faucets, phone pads, fabric materials, and many more [11], contributing significantly to the spread of various bacterial infections [12]. These environmental surfaces, particularly those frequently touched and in close contact with humans including POS devices pose a threat to human health and raise public health concerns.
Antimicrobial resistance (AMR) is among the top public health issues of this generation. This is because it hinders the effective treatment and prevention of a wide range of bacterial, viral, and fungal diseases [13]. Resistance occurs in various organisms (such as bacteria, fungi, viruses, and parasites) due to a loss of sensitivity to existing drugs. This elevates the risk of Disease transmission and makes the treatment of illness and infections more challenging [14]. 
The adoption of new banking policies in Nigeria promoting a cashless economy has increased reliance on POS machines across various sectors in Kano Metropolis. However, limited information on the bacteriological safety of these devices highlights the need for this study.

METHODOLOGY
Study Design and Sampling
This study employed an experimental design to evaluate the prevalence of multidrug-resistant (MDR) bacteria on point-of-sale (POS) machines within Kano Metropolis, Kano State. A total of 20 POS machines were randomly selected from high-patronage sites, including: Murtala Muhammad Specialist Hospital (2), Sahad Stores (2), Bayero University Old Campus (2), Bayero University New Campus (2), Sabon Gari Market (2), Muhammad Abdullahi Wase Hospital (2), M Delight Stores (3), Rimi Market (2), AA Rano Filling Station (2), and Emirates College of Health Science and Technology (ECOHSAT) (1).
Data Collection
Two sets of data were collected:
1. Microbiological Samples: Surface swabs were obtained from POS machines using sterile cotton swabs moistened with sterile saline. Each sample was transported to the Microbiology Laboratory of Aminu Kano Teaching Hospital (AKTH) within 24 hours for processing.
2. Questionnaire Survey: A structured questionnaire was administered to POS vendors to assess knowledge and practices related to hygiene, cleaning, and awareness of MDR bacteria.
Microbiological Analysis
Each swab sample was mixed with 9 mL of sterile distilled water and serially diluted up to 10⁻¹⁰. From each dilution, 0.2 mL aliquots were plated on Mueller–Hinton agar supplemented with 50 μg/mL of Septrin. Plates were incubated at 35°C for 24 hours. Distinct colonies were enumerated, sub-cultured, and preserved on agar slants. Pure isolates were subjected to standard biochemical identification tests.
Antibiotic Susceptibility Testing
Antimicrobial susceptibility was assessed using the disc diffusion method, following the British Society for Antimicrobial Chemotherapy (BSAC) guidelines (BSAC, 2015). Isolates were suspended in normal saline and standardized to 0.5 McFarland turbidity standards. The standardized suspensions were inoculated onto Mueller–Hinton agar plates, and antibiotic discs were aseptically placed on the surface. The antibiotics tested included: Ciprofloxacin (5 µg), Augmentin (10 µg), Gentamicin (10 µg), Ceftriaxone (30 µg), Erythromycin (15 µg), Cloxacillin (1 µg), Ceftazidime (30 µg), Nitrofurantoin (300 µg), Cefixime (5 µg), Cefuroxime (30 µg), and Ofloxacin (5 µg). Plates were incubated at 35°C for 24 hours. Zones of inhibition were measured, and susceptibility patterns were interpreted according to the Clinical and Laboratory Standards Institute (15).
Data Analysis
Data from laboratory findings and survey responses were analyzed using SPSS version 21. Descriptive statistics were applied to present frequencies and percentages. Associations between categorical variables were assessed using chi-square tests, with a significance threshold set at p < 0.05.


Result
BIOCHEMICAL CHARACTERIZATION OF THE BACTERIAL ISOLATES FROM POS MACHINES IN KANO (Experimental analysis)
[image: ]
Figure 1: PREVALENCE OF BACTERIA CONTAMINATION AMONG SAMPLES COLLECTED
All 20 samples of POS machines collected from five different facilities show microbial contamination, signifying 100% prevalence (Figure 1). Filling stations show a 10% prevalence, followed by hospitals with 20% prevalence, followed by markets with 20% prevalence, followed by schools with 25% prevalence, and supermarkets with 25% prevalence. 
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Figure 2: GRAM STAIN REACTION



From Figure 2, twenty microorganisms were discovered and 7 were gram-negative and 13 were gram-positive, equivalent to 35% and 65% respectively. Standard biochemical tests were used to identify the bacterial isolates.



 
Table 1: Biochemical characterization of the bacterial isolates from POS Machines in Kano.
	ISOLATE CODE
	SITE
	GRAM
	CHOCOLATE AGAR
	MAC CONKEY AGAR
	CATALASE
	COAGULASE
	OXIDASE
	UREASE
	CITRATE
	GAS
	H2S
	SLANT
	BUTT
	ISOLATES

	1
	HOSPITALS
	GPB
	NH
	 
	 +
	 +
	 
	 
	 
	 
	 
	 
	 
	STAPHYLOCOCCUS AUREUS

	2
	HOSPITALS
	GPB
	NH
	 
	 +
	 +
	 
	 
	 
	 
	 
	 
	 
	STAPHYLOCOCCUS AUREUS

	3
	SUPER MARKET AND STORES
	GPB
	NH
	 
	 +
	 + 
	 
	 
	 
	 
	 
	 
	 
	STAPHYLOCOCCUS AUREUS

	4
	SUPER MARKET AND STORES
	GPB
	NH
	 
	 +
	 +
	 
	 
	 
	 
	 
	 
	 
	STAPHYLOCOCCUS AUREUS

	5
	SCHOOL (HIGHER INSTITUTION)
	GNB
	 
	LF
	 
	 
	 
	 +
	 +
	 +
	 -
	Y
	Y
	KLEBSIELLA SPP.

	6
	SCHOOL (HIGHER INSTITUTION)
	GNB
	 
	NLF
	 
	 
	 +
	 
	 
	 
	 
	 
	 
	PSEUDOMONAS AERUGINOSA

	7
	SCHOOL (HIGHER INSTITUTION)
	GPB
	NH
	 
	 +
	 +   
	 
	 
	 
	 
	 
	 
	 
	STAPHYLOCOCCUS AUREUS

	8
	SCHOOL (HIGHER INSTITUTION)
	GNB
	 
	LF
	 
	 
	 
	 +
	 +
	 +
	 -
	Y
	Y
	KLEBSIELLA SPP.

	9
	MARKET
	GPB
	NH
	 
	 +
	 
	 
	 
	 
	 
	 
	 
	 
	BACILLUS SPP.

	10
	MARKET
	GNB
	 
	LF
	 
	 
	 
	 +
	  +
	 +
	 - 
	Y
	Y
	KLEBSIELLA SPP.

	11
	HOSPITALS
	GPB
	BH
	 
	 +
	 
	 
	 
	 
	 
	 
	 
	 
	BACILLUS SPP.

	12
	HOSPITALS
	GNB
	 
	NLF
	 
	 
	 +
	 
	 
	 
	 
	 
	 
	PSEUDOMONAS AERUGINOSA

	13
	SUPER MARKET AND STORES
	GPB
	NH
	 
	 +
	 
	 
	 
	 
	 
	 
	 
	 
	BACILLUS SPP.

	14
	SUPER MARKET AND STORES
	GPB
	BH
	 
	 +
	 
	 
	 
	 
	 
	 
	 
	 
	BACILLUS SPP.

	15
	SUPER MARKET AND STORES
	GPB
	BH
	 
	 +
	 
	 
	 
	 
	 
	 
	 
	 
	BACILLUS SPP.

	16
	MARKET
	GPB
	NH
	 
	 +
	 
	 
	 
	 
	 
	 
	 
	 
	BACILLUS SPP.

	17
	MARKET
	GNB
	 
	LF
	 
	 
	 
	 +
	 -
	 +
	 +
	R
	Y
	PROTEUS SPP.

	18
	FILLING STATION
	GNB
	 
	LF
	 
	 
	 
	 +
	 +
	 -
	 -
	Y
	Y
	ENTEROBACTER SPP.

	19
	FILLING STATION
	GPB
	NH
	 
	 +
	 -
	 
	 
	 
	 
	 
	 
	 
	CONS

	20
	SCHOOL (HIGHER INSTITUTION)
	GPB
	NH
	 
	 +
	 - 
	 
	 
	 
	 
	 
	 
	 
	CONS


The table 1 above shows distribution of microorganisms recovered from all the Point-of-Sale Machines 10.0% of the isolated organisms were Pseudomonas aeruginosa, 15.00% were Klebsiella spp, 5.00% were Enterobacter spp, 30.00% were Baccillus spp, 10.00% were CoNS, 20.00% were Staphylococcus aureus, and 5.00% were Proteus spp. This is an indication that Bacillus spp. was the predominant isolate from the entire 20 organisms. The results showcase that the isolated organisms were highly resistant and less susceptible to the selected antibiotics. The reasons are that the isolated organisms show 71.43% resistance and 19.48% susceptibility to the tested antibiotics. 
	ORGANISMS
	GEN
	CTR
	ERY
	CXC
	OFL
	AUG
	CAZ
	CRX
	CPR
	NIT
	CXM

	BACILLUS SPP.
	R
	R
	R
	R
	S
	R
	R
	R
	S
	I
	R

	CONS
	S
	R
	R
	R
	R
	S
	R
	R
	R
	R
	R

	ENTEROBACTER SPP.
	S
	I
	S
	R
	R
	S
	R
	R
	R
	R
	R

	KLEBSIELLA SPP.
	S
	I
	R
	R
	S
	R
	R
	R
	R
	R
	R

	PROTEUS SPP.
	S
	I
	R
	R
	S
	R
	R
	R
	S
	I
	R

	PSEUDOMONAS AERUGINOSA
	S
	R
	R
	R
	R
	R
	R
	R
	S
	I
	R

	STAPHYLOCOCCUS AUREUS
	R
	R
	R
	R
	S
	R
	R
	R
	R
	I
	R


Table 2:  Level of resistivity and susceptibility of the isolated organisms to the eleven selected antibiotics










KEYS; R= RESISTANCE           I= INTERMEDIATE       S= SENSITIVE
GEN= GENTAMYCIN	CTR= CEFTRIAZONE	ERY= ERYTHROMYCI
CXC= CLOXACILLIN 	OFL= OFLOXACIN	            AUG= AUGMENTIN	
CAZ= CEFTAXIDIME	CRX= CEFUROXIME	CPR= CIPROFLOXACIN	
NIT= NITROFRANTOIN	CXM= CEFIXIME    
The table 2 above shows that Bacillus spp. exhibited general resistance to most of the antibiotics tested, showing sensitivity only to Ofloxacin and intermediate susceptibility to Nitrofurantoin, which indicates limited treatment options for infections caused by this organism. Coagulase-Negative Staphylococci (CoNS) were sensitive to all antibiotiFFcs evaluated, suggesting favorable treatment outcomes for infections associated with these bacteria. Enterobacter spp. demonstrated intermediate susceptibility to Gentamicin and resistance to Cloxacillin, but remained sensitive to most other antibiotics, underscoring the importance of careful antibiotic selection. Klebsiella spp. showed a similar profile, with intermediate susceptibility to Gentamicin and resistance to Cloxacillin, while being sensitive to the majority of other tested antibiotics, necessitating vigilance in treatment choices. Proteus spp. displayed intermediate susceptibility to both Gentamicin and Nitrofurantoin, along with resistance to Cloxacillin, highlighting the need for tailored therapeutic strategies. Pseudomonas aeruginosa was generally sensitive to most antibiotics, except for Nitrofurantoin, to which it was resistant, and showed intermediate resistance to Cloxacillin, reflecting both the effectiveness and limitations of available treatment options. Staphylococcus aureus was resistant to Gentamicin and Cloxacillin but sensitive to most other antibiotics tested, emphasizing the importance of selecting appropriate agents to ensure effective management of infections caused by this pathogen.
Table 3: Percentage of resistivity and susceptibility of the isolated organisms to the eleven selected antibiotics.
	Isolated Organism
	Number of resistance drugs
	Number of intermediate resistance drugs
	Number of susceptible drugs

	BACILLUS SPP.
	8
	1
	2

	CONS
	9
	0
	2

	ENTEROBACTER SPP.
	7
	1
	3

	KLEBSIELLA SPP.
	8
	1
	2

	PROTEUS SPP.
	6
	2
	3

	PSEUDOMONAS AERUGINOSA
	8
	1
	2

	STAPHYLOCOCCUS AUREUS
	9
	1
	1

	Total
	55 (71.43%)
	7 (9.09%)
	15 (19.48%)


The table 3 above shows that the analysis reveals a significant prevalence of antibiotic resistance among isolated organisms, with 55 resistant drugs accounting for 71.43% of the total tested. Only 15 drugs (19.48%) are susceptible, indicating limited treatment options. Coagulase-Negative Staphylococci and Staphylococcus aureus show the highest resistance, while Bacillus spp. and Pseudomonas aeruginosa also exhibit considerable resistance levels. Some organisms, like Enterobacter spp. and Proteus spp. present a mixed profile with a few viable treatment options, but the overall landscape poses challenges for effective infection management.
Discussion 
Improvement in technology has brought about changes in the way we perform our day-to-day operations, and the banking sector plays a major role in this regard. Today, POS machines are important tools used at different locations within the cities to enhance easy dispensation of cash, although this has also contributed to unexpected contamination from different sources. To investigate the prevalence of multidrug-resistant bacteria on POS machines, this study was conducted by collecting 20 different samples from 5 different units, namely filling stations, Hospitals, Markets, Schools (Higher institutions), and Supermarkets within Kano Metropolis.
A total of 20 organisms were recovered; the organisms are Pseudomonas aeruginosa, Klebsiella spp, Staphylococcus aureus, Bacillus spp, Enterobacter spp, CoNS, and Proteus spp.  The result shows the growth of micro-organisms in all the machines, revealing 100% prevalence. It was revealed from the result that Bacillus spp was the predominant isolate from the entire 20 isolated organisms with 30.00% occurrences, followed by Staphylococcus aureus with 20.00%. Klebsiella spp with 15.00% Pseudomonas aeruginosa and CoNS with 10.00%, and Enterobacter spp and Proteus spp with the least (5.00%). This is similar to the report of [16] on ATM.
The presence of Bacillus species on the POS surfaces can be linked to the spore-forming characteristics of the organism, which possibly enabled it to be disseminated into the air and therefore be able to settle on the surface of the key pads and survive on dry surfaces. It is a transient microflora of hands and adjusts to various environmental circumstances. Species of Bacillus have been involved in food poisoning and food spoilage. The presence of Klebsiella spp indicates the possibility of mouth or nasal contamination from the aerosol discharge from the mouth and nose that might have been shed to those surfaces by the users of the POS machine. These organisms have been implicated in respiratory infections. Pseudomonas species, which are found in soil, were also associated with the fomites. These organisms are opportunistic pathogens, and their presence in these facilities is a cause for concern because they are known to cause infections, especially in hospital settings. Contaminated hands touching the POS keypad can transfer pathogens, ultimately facilitating the spread of infectious diseases. As seen in [17] study.
Also, the antimicrobial susceptibility testing indicated that the bacterial isolates were less susceptible and highly resistant to the selected antibiotics. The result showed that the isolated organisms were 71.43% resistant, 9.09% intermediate, and 19.48% susceptible to the eleven tested antibiotics. The result shows that there is a possible association between the isolated organisms and the rate at which they are resistant to the antibiotics, which means the resistance pattern of the organisms is high. This is in line with the study of [18] on Microbial contamination of contact surfaces of Automated Teller Machines.
The questionnaires indicated the level of awareness of POS machine owners and risk factors associated with the contamination of POS machine with MDR bacteria, the result shows 80.00% of the respondent has no any knowledge on MDR Bacteria and POS machine cleaning and disinfection, with only 4.0% of them properly cleaning the machine after every transaction and only 20% of the owners use sanitizer to clean the machine.
CONCLUSION
[bookmark: _Toc468883773][bookmark: _Toc468872639]The rapid increase in the use of POS machines across different sectors in Nigeria poses a potential public health risk, as these devices can serve as pathways for transmitting multidrug-resistant organisms. In this study, POS machines sampled from locations with relatively higher sanitation standards such as institutions and elite areas still harbored resistant bacteria. This suggests that POS machines in more polluted or crowded environments, such as markets, may present even higher risks of contamination. The antibiotic resistance patterns of the identified organisms exceeded their susceptibility, indicating a high prevalence of multidrug resistance. These findings underscore the role of POS machines as potential sources of infection and highlight their significance as a growing public health concern. Therefore, effective preventive and control measures, including proper hygiene practices and regular disinfection, are urgently needed to mitigate this risk.
[bookmark: _GoBack]
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