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ABSTRACT
Background: In Tanzania, little is known about the proportion of Multi-drug resistance (MDR) Gram-negative bacteria 
contamination on Automated Teller Machine (ATMs) surfaces. The study aimed to determine the proportion of MDR 
Gram-negative bacteria contamination on ATMs surfaces, antimicrobial resistance patterns as well as associated factors. 
Methodology: A cross-sectional study was conducted between January and March -2021 in Dar es Salaam, involving 
298 ATMs. Cultures were performed on Mac-Conkey agar while antimicrobial susceptibility was done using the Kirby 
Bauer disc diffusion method with Klebsiella pneumoniae ATCC 700603 and Escherichia coli ATCC 25922 used as 
controls. Data analysis was done using STATA version 15.1. Chi-square and Modified Poisson regression was used to 
assess factors associated with MDR contamination. Data was presented as prevalence ratio (PR) and 95% Confidence 
Interval. A p-value of <.05 was considered statistically significant. 
Results: More than half (55.4%) of ATMs in Dar es Salaam are contaminated with Gram negative bacteria, mostly 
by Klebsiella pneumoniae 18.5% (31/168). The highest level of resistance was observed against ampicillin (68.9%). 
About one-third (34.5%) of the isolates were MDR. About 35.7% were Extended-Spectrum Beta-Lactamases (ESBL) 
producers while 19.6% were quinolone/ fluoroquinolones-resistance. Risk factors for contamination of ATMs included 
highly populated location such as; Ubungo (PR adjusted = 3.62, 95%CI = 1.58-8.30, P=.002), Kigamboni (PR 
adjusted = 2.78, 95%CI = 1.20-6.42, P=.017), and Temeke (PR adjusted = 2.75, 95%CI = 1.04-3.72, P=.023), and 
less frequent cleaned ATMs (PR adjusted = 1.98, 95%CI = 1.04-3.73, P=.04) 
Conclusions: More than half of ATMs in Dar es Salaam are contaminated with Gram-negative and one-third of them with 
MDR bacteria, especially those located in highly populated areas and those that are less frequently cleaned. This calls 
for interventional measures regarding public awareness of ATMs as potential vehicles for the transmission of infectious 
agents. 

 

BACKGROUND 

Automated Teller Machines (ATMs), regarded as 
mini-banks are important devices in the banking 

sector. ATMs make banking convinient and serve 
thousands of customers daily.1 As helpful as ATM 
machines are, a number of studies across the world 
have identified them as a source of infections to the 
users.2 Bacteriological examinations carried out on 
ATMs have reported that they are contaminated 
with various microorganisms,3–6 associated with 
both community-acquired and hospital acquired 
infections.7 Microbes bear the potentials for survival 
on dry fomites like ATM machine key pads. They 
have different physiological resting stages and thus 
are capable of surviving or hibernating due to low 
water activity. Some Gram-negative bacteria can 
remain active up to month on their resting surfaces.8  

Klebsiella pneumoniae, Escherichia coli, Enterobacter 
species as well as non-lactose fermenting bacteria 
such as Pseudomonas aeruginosa and Acinetobacter 
species have been identified as major cause of multi-
drug resistant bacterial infections.9,10 This group 
of bacteria developed resistance to a wide range of 
antibiotics, including third generation cephalosporins, 
carbapenems, and fluoroquinolones, which are the 
best antibiotics currently available for treating multi-
drug resistant bacteria.11

Most of these bacteria are on the World Health 
Organization (WHO) priority list of pathogens that 
poses substantial threat to morbidity and mortality 
worldwide.11 These bacteria are resistant to extended-
spectrum beta-lactamase (ESBL)- producing bacteria 
and quinolone/ fluoroquinolone-resistant bacteria 
and have been linked to a number of environments,12,13
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including ATMs,14–16 and thus posing a serious public 
health threat.17-19 ATMs, despite being used by people of 
various backgrounds, lack constant and frequent moni-
toring of hygienic measures. Some are not provided with 
disinfectants and have no instructions for clients. This 
raises their potential to be vehicles for the transmission of 
micro-organisms, which cause infections that are difficult 
to treat as substantiated in numerous studies conducted 
in Europe, Asia and Africa.3,20–24

In Tanzania, little is known about the presence of 
pathogenic bacteria on ATMs surfaces, however, there is 
literature indicating the existence of pathogenic bacteria 
including ESBLs and quinolone resistance bacteria in 
the community.25–29 This study aimed to determine the 
proportion of MDR Gram-negative bacteria contamination 
on ATMs surfaces and antimicrobial resistance patterns 
as well as associated factors in Dar es Salaam, Tanzania. 
Surveillance of AMR and MDR pathogens is one of the 
strategic objectives in the Tanzania National action plan 
on antimicrobial resistance.30 In its part, this study provide 
data on the burden of MDR Gram-negative bacteria 
contamination on ATMs in Dar es Salaam. 

Data emanating from this study will sensitise both owners 
and users of these machines, of their potential to transmit 
pathogens. The study will provide evidence for better 
management of ATMs to curb transmission of pathogens. 
Our hypothesis is that ATMs are essential to our social 
life, localised in city centres, trade areas, and around 
hospitals and are used by hundreds of people of varying 
socio-economic levels and hygienic status are potential 
vehicles of microbial pathogens, including MDR bacteria.

MATERIAL AND METHODS
Study Area
This was a cross-sectional study, carried out in Dar es 
Salaam Tanzania from January to March 2021. Dar 
es Salaam is the most populated city in Tanzania, with 
approximately more than 7 million people.31 The use 
of ATMs is significantly high since Dar es Salaam is a 
commercial city. In 2019, Dar es Salaam had 290 bank 
branches, which constituted 30.3% of all bank branches 
in the country and the use of ATMs was reported to be 
6.4 ATMs per 100,000 adults.32,33 (Figure 1).

Sample Size Estimation
The sampling frame included ATMs of the 3 largest banks 
in Dar es Salaam. A list of the ATMs was obtained from 
respective banks, which totalled to 432. The sample size 
was calculated using Kish Leslie formula (1965),34 a 
prevalence of 21.4% (E. coli bacteria isolated on ATMs 
surfaces)35 and margin error of 5% was used. The 
minimum required sample size was 258 ATMs which was 
raised to 298 ATMs so as to increase the power of the 
study. The proportion of ATMs of a specific bank included 
in the sample size (298) depended on the proportion of 
the given bank’s number of ATMs that contributed to the 
sample frame. Thus, banks with high number of ATMs 
in the sample frame contributed higher number of ATMs 
in the sample size. Simple random technique was used 
to select the ATMs that were included in the sample size 
(298). Samples were distributed as follows: First bank (I) 
121 out of 176 ATMs, second bank (II) 119 out of 173 
ATMs, and third Bank (III) 58 out of 83 ATMs. 

Information regarding frequency of ATM cleaning and 
disinfection, availability of hand-washing and cleaning 
facilities, and location of the ATM (Remote ATMs 
versus Branch ATMs) was collected using a structured 
observation checklist.

Sample Collection and Transportation
A Sterile swab36 was moistened in sterile saline and 
moved several times over the surfaces of the most-used 
keys on the ATM keypad/screen in an aseptic procedure 
and placed into a nutrient broth media.37  The collected 
samples were transported to the National Public Health 
Laboratory (NPHL) in cooler boxes packed with ice packs 
at temperatures ranging between 2 to 80C degrees for 
processing within 4 hours of collection.

Sample Processing and Bacteria Isolation 
Samples in nutrients broth were incubated at 37°C for 18 
to 24 hours before culture. The culture was performed 
on Mac-Conkey (MCA) agar37 with crystal violet and 
bile salt. Cultured plates were incubated aerobically at 
37°C. Plate growths were noticed after 18 to 24 hours 
incubation, the isolates were then sub-cultured on fresh 
media plates until pure isolates were observed.

Bacteria Identification
Isolated bacteria were identified by performing gram 
stain and standard biochemical tests, which included; ox-
idase, urease, Indole, Citrate test, and Triple Sugar Iron 
(TSI).38 The TSI test is designed to differentiate among the 
different groups or genera of the Enterobacteriales, which 
are all Gram-negative bacilli, based on fermentation of 
glucose and lactose or sucrose and hydrogen sulphide 
production. For identification of Gram-negative bacteria 
with ambiguity, API 20 E systemm was used as per man-
ufacture instructions.38

FIGURE 1: Map Showing Districts in Dar es Salaam City, 
Tanzania
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Antibiotic Susceptibility Testing
Identified gram-negative bacteria were subjected to 
antibiotic sensitivity test using the Kirby Bauer diffusion 
disk method on Muller Hinton agar37 to determine their 
susceptibility patterns against selected antimicrobial 
agents, as described by Clinical Laboratory Standards 
Institute (CLSI), 2020.39 Antimicrobial classes used 
were; Aminoglycoside, Fluoroquinolone, Quinolones, 
Tetracycline, third generation cephalosporin, 
carbapenem, penicillins, chloramphenicol, cotrimoxazole 
and cephalosporin (cefotaxime/clavulanic acid-
30/10μg). Bacteria that showed resistance or decreased 
susceptibility (intermediate) to any of the third 
generation cephalosporins were selected for phenotypic 
ESBL confirmation. The potential ESBL-producing gram-
negative bacteria were screened by cefotaxime (30 μg) 
and were confirmed by the combination disk method. 
Cefotaxime (30 μg) and the combination disc cefotaxime 
plus clavulanic acid (30 μg+ 10 μg) were placed 25 mm 
apart. An increase of ≥ 5 mm in the zone of inhibition for 
cefotaxime plus clavulanic acid compared to cefotaxime 
alone was confirmed as an ESBL producer.40 Bacteria 
showing resistance against ciprofloxacin and nalidixic 
acid were regarded as quinolones/fluoroquinolones-
resistant.41 Bacteria that showed resistance to at least one 
antimicrobial in 3 or more antibiotic classes was regarded 
as MDR.42

Quality Assurance
Culture media used for isolation and identification of or-
ganisms were controlled using standard organisms E. coli 
ATCC 25922 strains. For ESBL producing gram-negative 
bacteria, ESBL producing K. pneumonia ATCC 700603 and 
non-ESBL producing E. coli ATCC 25922 were used as 
positive and negative controls.

Data Analysis
Data management and analysis was done by using STA-
TA version 15.1. Frequencies and proportions of bacte-
ria isolated and their antibiograms were determined. A 
Chi-square test was used to determine the univariate 
association of factors that are associated with MDR con-
tamination on ATM surfaces. Variables with P<.25 were 
subjected to multivariate analysis. Since the proportion of 
MDR was greater than 15%, Modified Poisson regression 
was used to determine independent predictors of ATM 
surface contamination. Results from modified Poisson re-
gression analysis were presented as Prevalence Ratio (PR) 
and 95% Confidence Interval. A p-value of <.05 was con-
sidered statistically significant.

Ethical considerations
Ethical approval for this study was obtained from 
Muhimbili University of Allied Sciences (MUHAS) Sen-
ate Research and Publications Committee (Ref. No.
DA.282/298/01.C/). 

RESULTS
The Proportion of Gram-Negative Bacteria Recovered from 
ATM Surfaces
A total of 298 ATMs from 3 largest banks in 5 districts 
of Dar es salaam city namely; Kinondoni, Ubungo, Ilala, 
Temeke and Kigamboni were screened. The proportion of 
contaminated ATMs across the districts ranged from 35.7

% to 75% (Figure 2).

Of the 298 swabs collected from ATM surfaces (screen/
key-pads), 55.5% (n=165/298) showed microbial 
growth, and 168 bacteria were isolated. The distribution 
of bacteria recovered from ATM surfaces is shown in 
Table 1. Klebsiella pneumoniae 18.5% (n=31/168) was the 
predominant isolate followed by Acinetobacter spp 12.5% 
(n=21/168) and E. coli 10.1% (n=17/168), while Proteus 
and Providencia species were the least recovered, each 
accounting for 0.6% (n=1/168) of the isolates.

Antimicrobial Resistance Pattern of Isolates Recovered from 
ATM Surfaces
Bacteria were particularly resistant against ampicillin 
(68.9%), followed by cefotaxime (26.8%), and least 
resistant against gentamicin (1.3%). K. pneumoniae, 
Acinetobacter species, E. coli  and P. aeruginosa, showed 
high, moderate and low levels of resistance ranging from 
3.2% to 87.1%. (Table 2).

The Proportion of Multi-Drug Resistance Gram-Negative 
Bacteria from ATM Surfaces
Out of 168 isolates, 35.1% (n=59/168) were MDR 
against 3 to 7 classes of tested drugs. Salmonella spp had 
the highest proportion of MDR isolates 62.5% (n=5/8) 
compare to other Gram-negative bacteria, which ranged 
between 9.1% and 50% (Table 3).

From the most frequently isolated bacteria, the common 
resistant pattern observed were Cephalosporin’s/
Penicillin’s/Phenicals, Cephalosporin’s/Sulphonamides/ 
Fluoroquinolone/ Penicillin’s/ Quinolones and 
Sulphonamides/ Penicillin’s/ Quinolones. One isolate 
each from E. coli, P. aeruginosa, and Acinetobacter species, 
were resistant to 6 and up to 7 classes of antibiotics (Table 
4).

TABLE 1: The Pattern of Gram-Negative Bacteria 
Recovered from ATM Surfaces in Dar es Salaam, 
Tanzania

Organism  # isolates          Percent

Klebsiella pneumoniae          31   18.5
Acinetobacter spp     21   12.5
Escherichia coli      17   10.1
Pseudomonas aeruginosa     14   8.3
Enterobacter aerogenes     13   7.7
Shigella spp      13   7.7
Enterobacter spp      12   7.1
Serratia spp      11   6.6
Klebsiella oxytoca     9   5.4
Salmonella spp      8   4.8
Citrobacter spp      7   4.2
Pseudomonas spp     4   2.4
Yersinia spp      4   2.4
Morganella spp      2   1.2
Proteus spp      1   0.6
Providencia spp      1   0.6
Total      168   100
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FIGURE 2: Proportion of contaminated ATM among three banks in each Districts of Dar es Salaam city, Tanzania

Key: a- bank (I), b-bank (II), c-bank (III)

TABLE 3: Proportion of MDR Isolates Recovered from ATM Surfaces in Dar es Salaam, Tanzania

Bacteria name    #Isolates  #MDR Isolates          %MDR Isolates

Klebsiella pneumoniae       31            7    22.58
Acinetobacter spp       21            10   47.62
Escherichia coli        17            8    47.06
Pseudomonas aeruginosa       14            7    50.00
Enterobacter aerogenes       13            6    46.15
Shigella spp        13            5    38.46
Enterobacter spp        12            4    33.33
Serratia spp        11            1    9.09
Klebsiella oxytoca       9            3    33.33
Salmonella spp        8            5    62.50
Citrobacter spp        7            1    14.29
Pseudomonas spp       4            2    50.00
Yersinia spp        4            0    -
Morganella spp        2            0    -
Proteus spp        1            0    -
Providencia spp        1            0    -
Total         168            59   35.12
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TABLE 4: Multi-Drug Resistance Pattern among most Frequently Isolated Gram-Negative Bacteria Recovered from 
ATM Surfaces in Dar es Salaam, Tanzania

Organism   Resistant Profile    # Resistant classes          # Isolates

Acinetobacter spp   CEPH3, FQ, QUIN    3   2
    FOLATE, PEN, QUIN    3   3
    CEPH3, PEN, PHEN    3   1
    CEPH3, PEN, PHEN, QUIN    4   1
    CEPH3, FOLATE, FQ, PHEN, QUIN   5   1
    AG, CEPH3, FOLATE, PEN, PHEN   5   1
    CARB, CEPH3, FOLATE, FQ, PEN, QUIN  6   1
E coli    FOLATE, PEN, QUIN    3   1
    FOLATE, PEN, PHEN    3   2
    CEPH3, PEN, PHEN    3   1
    FOLATE, FQ, PEN, QUIN    4   1
    CEPH3, FOLATE, FQ, PEN, QUIN   5   2
    CARB, CEPH3, FOLATE, FQ, PEN, QUIN  6   1
Klebsiella oxytoca   FOLATE, FQ, PEN, QUIN    4   2
    CARB, CEPH3, FOLATE, PEN, PHEN, QUIN  6   1
Klebsiella pneumoniae  CEPH3, FOLATE, PEN    3   2
    FOLATE, FQ, PEN    3   1
    CEPH3, PEN, PHEN, QUIN    4   1
    CARB, CEPH3, PEN, QUIN    4   1
    CEPH3, FOLATE, FQ, PEN, QUIN   5   2
Pseudomonas aeruginosa  CEPH3, FQ, QUIN    3   1
    FOLATE, PEN, PHEN    3   1
    CEPH3, PEN, PHEN    3   2
    CEPH3, FQ, PEN     3   1
    CEPH3, FOLATE, PEN, PHEN   4   1
    CARB, CEPH3, FOLATE, FQ, PEN, PHEN, QUIN 7   1

Key: QUIN, quinolones; PHEN, phenicol’s; AG, aminoglycosides; PEN, penicillin’s; FQ, Fluoroquinolone; FOLATE, sulphonamides; 
CEPH3, cephalosporin’s; CARB, carbapenems

TABLE 5: Proportion of ESBL Producers Isolated from ATM Surface in Dar es Salaam, Tanzania

Organism          #Isolates    # ESBLs producers        % ESBLs

E.coli     7   4          57.14
P. aeruginosa    8   0          -
K. Oxytoca    2   1          50.00
K. pneumoniae    11   5          45.45
Total     28   10          35.71

Key: ESBL- Extended spectrum beta-lactamase; #, number of; Spp- Species; % Percentage

Isolation Frequency of ESBL-Producing Gram-Negative 
from ATM Surfaces 
A total of 28 Gram-negative bacteria isolates, (K. 
pneumoniae, E. coli, K. oxytoca and P. aeruginosa) that showed 
resistance or decreased susceptibility (intermediate) to 
any one of the third generation cephalosporin’s were 
screened for ESBL production, and 35.7% (n=10/28) 

were positive for the test. Among screened isolates, the 
proportion of ESBL producers was highest among E. coli 
isolates 57.1 % ( n=4/7) (Table 5).

Quinolone-Resistant Gram-Negative Bacteria Recovered 
from ATM Surfaces
Out of 168 isolates tested, 19.6% (n=33/168) were found 
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TABLE 6: Proportion of Quinolone/ Fluoroquinolone Resistant Bacteria Recovered from ATM Surfaces in Dar es 
Salaam, Tanzania

Organism          #Isolates  # FQ/QUIN resistant   %FQ/QUIN resistant

Klebsiella pneumoniae   31   8    25.81
Acinetobacter spp   21   0    -
Escherichia coli    17   5    29.41
Pseudomonas aeruginosa   14   3    21.43
Enterobacter aerogenes   13   1    7.69
Shigella spp    13   4    30.77
Enterobacter spp    12   5    41.67
Serratia spp    11   0    -
Klebsiella oxytoca   9   0    -
Salmonella spp    8   0    -
Citrobacter spp    7   2    28.57
Pseudomonas spp   4   0    -
Yersinia spp    4   4    100.00
Morganella spp    2   1    50.00
Proteus spp    1   0    -
Providencia spp    1   0    -
Total     168   33    19.64

Key: FQ- quinolone, QUIN-fluoroquinolone, #-number of, %-Percentage

to be quinolone/fluoroquinolones -resistant. Yersinia 
species were observed to be more resistant to quinolones 
100% (4/4) than the other Isolated Gram-negative 
bacteria which ranged from 7.7% to 50 % (Table 6).

Antibiotic Resistance Levels among ESBL and Quinolone 
Resistance Isolates
ESBL producing bacteria were more significantly 
resistant to meropenem (P=.04), while quinolone/
fluoroquinolone resistant isolates were more significantly 
resistant to trimethoprim/sulfamethoxazole (P <.001), 
and meropenem (P<.001). (Table 7) Additionally, 
out of 10 isolates that were ESBLs producers, almost 
50% (n=5/10) of those isolates were also resistant to 
quinolone/fluoroquinolone. 

Factors Associated with MDR Bacteria Contamination on 
ATM Surfaces
Table 8 show independent predictors of ATM surface 
contamination. ATM surface contamination were more 
likely significantly associated with ATMs located in 
Ubungo (PR adjusted = 3.62, 95%CI = 1.58-8.30, P=.002), 
Kigamboni (PR adjusted = 2.78, 95%CI = 1.20-6.42, P=.017), 
and Temeke (PR adjusted = 2.75, 95%CI = 1.04-3.72, P=.023) 
compared to those located at Ilala municipal. On the 
other hand, ATMs with less frequency of cleaning were 
significantly associated with an increased likely hood of 
MDR bacteria contamination compared to those cleaned 
at least once a day (PR adjusted = 1.98, 95%CI = 1.04-3.73, 
P=.04). There was a decreased risk of MDR bacteria 
contamination on remote ATMs, though the decrease 
was not statistically significant (PR adjusted = 0.79, 95%CI = 
0.43-1.46, P=.46).

DISCUSSION
This study revealed that more than half of ATMs in Dar 
es Salam were contaminated with gram-negative bacteria 
and one-third of these bacteria were MDR against 3 to 7 
classes of common antibiotics used in hospital settings. 
ATMs located in Ubungo, Kigamboni and Temeke as well 
as less cleaned ATMs were observed as risk factors for 
MDR bacteria contamination. 

The current study found 55.4% of ATMs contaminated 
with Gram-negative bacteria. This finding is lower than 
what was reported in a study conducted in India where 
95.7% of ATMs were found to be contaminated with such 
bacteria.43 This variation is probably contributed by the 
fact that the current study took place in the middle of the 
COVID-19 pandemic, where the use of hand sanitisers 
was high. Nonetheless, this poses a public health risk 
given the fact that half of the machines inspected were 
contaminated with pathogenic bacteria, including multi-
drug resistant bacteria.

In this study, K. pneumoniae was the most frequent isolate, 
followed by Acinetobacter sp and E. coli. These results 
conform to observation reported in a study conducted in 
India where K. pneumoniae was the most isolated bacteria 
from ATM surfaces.44 However, this finding is contrary 
to the findings of a study conducted in west Iran45 
where E.coli was the predominant isolate followed by 
Klebsiella spp. Collectively, numerous studies report the 
predominance of K. pneumoniae and E. coli as the most 
significant gram-negative bacteria in contamination 
of ATM surfaces.44-46 These microbes are members of 
Enterobacteriaceae.
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The current study revealed that the risk of contamination 
was higher in less cleaned ATMs. This observation 
conforms to a study that showed that cleaning and 
disinfection reduce microbial contamination by 94.1%.47 
The risk of contamination of ATMs with MDR bacteria was 
also significantly associated with the location of the ATM. 
The risk was high in densely populated areas namely; 
Ubungo, Kigamboni, and Temeke. This observation is in 
keeping with a study conducted in Nigeria where ATMs 
from the Abakaliki metropolis had higher isolation of 
bacteria compared to ATMs in low populated Afikpo 
town.16 Collectively, these findings support the need 
for maintaining strict hygienic measures on frequently 
touched public surfaces especially in overcrowded areas. 
This is supported by multiple  studies.30,48,49

Regarding AMR pattern, isolates recovered from this 
study showed high levels of resistance against ampicillin, 
moderate levels of resistance against, cefotaxime (CTX), 
trimethoprim/sulfamethoxazole (SXT) and nalidixic 
acid (NAL), and low level against meropenem (MEM) 
and gentamicin (GEN). An estimated one-third of all 
isolates were MDR, with some exhibiting resistance to 
more than 6 different classes of antibiotics and could be 
classified as pan-drug resistant (PDR).50 Notably, most 
MDR combinations included penicillin, tetracycline, and 
ciprofloxacin, which is in keeping with several studies 
conducted in Dar es Salaam, showing high resistance 
to such antibiotics.51,52 Resistance to these antibiotics 
can be explained by the fact that there is irrational use 
of antibiotics in the community, as most antibiotics are 
relatively cheap and can be obtained over the counter 
without a prescription,53 which fuels the occurrence 
of the resistance.54 Furthermore, this study showed 
that Salmonella species had high to moderate levels 
of resistance against CTX and MEM respectively. This 
observation supports other studies’ findings, where 
the emergence of ESBL- producing Salmonella spp 
and carbapenem resistance have been reported in the 
community.55,56 An increase in resistance to Salmonella spp 
especially to meropenem (MEM) is alarming, as there are 
few options available to treat extensive drug-resistance 
(XDR) Typhoid. This is high time to take an important 
step to study the resistance pattern of salmonella spp to 
detect new stains timely. 

Our study showed that among isolates screened for ESBL, 
35.7% were ESBL producers. Compared with non-ESBL 
producers, ESBL-producing bacteria had insignificant 
resistance to trimethoprim/sulfamethoxazole, 
chloramphenicol; gentamycin, and doxycycline except 
meropenem. 

On the other hand, 19.6% of isolates were quinolone/
fluoroquinolones-resistant whereby quinolone/
fluoroquinolones resistance isolates were more 
significantly resistant to trimethoprim/sulfamethoxazole, 
and meropenem except for gentamicin, doxycycline, 
and chloramphenicol when compare to non-quinolone/
fluoroquinolones resistance. These findings are in 
contrary to a study in Dar es Salaam57 which shows that 
ESBL producers and quinolone resistant isolates were 
more significantly resistant to all other tested antibiotics 
including, gentamicin, meropenem, chloramphenicol, 
doxycycline, and trimethoprim/sulfamethoxazole. This 
variation is presumably because the current study used

samples from inanimate surfaces while the other 
study used poultry and pig, whose farming has been 
associated with intense use of antibiotics.58 Yersinia spp 
were more resistance to quinolones/flouriquinolones 
than other Gram-negative bacteria, this is similar to a 
study conducted in china which showed that Yersinia 
spp  isolated from animal feaces, raw/cooked livestock, 
poultry meat, and frozen food had high resistance to 
quinolones.59,60 Nonetheless, 50% of ESBL producers were 
also resistant to quinolones/ fluoroquinolones, indicating 
and supporting shared mechanisms of resistance.61 These 
findings are important since beta-lactams and quinolones/
fluoroquinolones are the cornerstones for treatment of 
majority of infections occurring in humans and animals62,63 
and resistance to them has severe consequences on public 
health and animal production.64,65

CONCLUSION
More than half of ATMs in Dar es Salaam are contaminated 
with Gram-negative bacteria, with one-third of these 
bacteria exhibiting multi-drug resistance against the 
tested antibiotics. Contamination occurred especially in 
ATMs that were not regularly cleaned and those located 
in densely populated areas, calling for interventional 
measures such as regular disinfection of the machines and 
clients’ precautionary measures, such as hand sanitation. 
The owners of the ATMs need to ensure constant 
application of hygienic measures, including the provision 
of sanitisers, and constant monitoring of compliance.

Study Limitations
The current study provides important preliminary 
information about the proportion of Gram-negative 
MDR bacteria contamination on ATM surfaces, as well 
as associated factors. However, the study has several 
limitations. Users’ hand hygiene practices were not 
observed, which could have provided evidence of the 
association of hand hygiene practices with contamination 
of ATMs with MDR bacteria. Secondly, the preparation of 
the sanitisers, their composition, and expiry dates could 
not be verified since such information was not available.

REFERENCES
1. Stanley C, Mbajiuka Michael Okpara C. Isolation and 

identification of microorganisms associated with the use 
of Automated Teller Machine (ATM) in Michael Okpara 
University Of Agriculture, Umudike (MOUAU) and its 
environs. www.wjpr.net 85 Mbajiuka World Journal of 
Pharmaceutical Research World Journal of Pharmaceutical 
Research SJIF Impact Factor 5. 2015;4(8):85-99.  issn 
2277-7105

2. Afolabi I. Bacteriological Contamination of User 
Interface of Automated Teller Machines (ATM) of Banks 
in Ekiti State University, Ado-Ekiti. www.arcjournals.
org International Journal of Research Studies in 
Microbiology and Biotechnology. 2018;4:2454-9428. 
doi:10.20431/2454-9428.0403004

3. Nworie O, Mercy M, Chukwudi A, et al. Antibiogram 
of bacteria isolated from automated teller machines within 
abakaliki metropolis. Am J Infect Dis. 2012;8(4):168-174. 
doi:10.3844/ajidsp.2012.168.174

4. Chukwudozie Onuoha S, Fatokun K. Bacterial contamination

East Africa Science 2023 | Volume 5 | Number 1                           88

Contamination of ATM Surfaces with Gram-negative Bacteria                         www.eahealth.org



 and Public Health Risk Associated with the Use of Banks’ 
Automated Teller Machines (Atms) in Ebonyi State, Nigeria. 
Am J Public Health Res. 2014;2(2):46-50. doi:10.12691/
ajphr-2-2-2

5. Duraipandian J, Vigneshwaran S, Kumar R P, Bharatwaj 
RS, Bagyalakshmi R. Study of Prevalence of Microbial 
Contamination with its Antibiotic Resistance Pattern in 
Automated Teller Machine in and around Puducherry, 
India. Journal of Earth, Environment and Health Sciences. 
2015;1:27. doi:10.4103/2423-7752.159924

6. Dawodu OG, Akanbi RB. Isolation and identification of 
microorganisms associated with automated teller machines 
on Federal Polytechnic Ede campus. PLoS One. 2021;16(8 
August). doi:10.1371/journal.pone.0254658

7. Bader MS, Loeb M, Brooks AA. An update on the 
management of urinary tract infections in the era of 
antimicrobial resistance. Postgrad Med. 2017;129(2):242-
258. doi:10.1080/00325481.2017.1246055

8. Kramer A, Schwebke I, Kampf G. How long do nosocomial 
pathogens persist on inanimate surfaces? A systematic 
review. BMC Infect Dis. 2006;6:130. Published 2006 
Aug 16. doi:10.1186/1471-2334-6-130

9. Sganga G. Burden of Antibiotic Resistant Gram 
Negative Bacterial Infections: Evidence and Limits. J Med 
Microbiol Diagn. 2014;03(01). doi:10.4172/2161-
0703.1000132

10. Rossolini GM, Mantengoli E, Docquier JD, Musmanno 
RA, Coratza G. Epidemiology of infections caused by 
multiresistant gram-negatives: ESBLs, MBLs,   panresistant 
strains. New Microbiol. 2007;30(3):332-339.

11. Tacconelli E, Carrara E, Savoldi A, et al. Discovery, 
research, and development of new antibiotics: the WHO 
priority list of antibiotic-resistant bacteria and tuberculosis. 
Lancet Infect Dis. 2018;18(3):318-327. doi:10.1016/
S1473-3099(17)30753-3

12. Bengtsson-palme J, Kristiansson E, Larsson DGJ. 
Environmental factors influencing the development and 
spread of antibiotic resistance. pubmed central. 2018;(July 
2017):68-80. doi:10.1093/femsre/fux053

13. Adachi F, Yamamoto A, Takakura KI, Kawahara R. 
Occurrence of fluoroquinolones and fluoroquinolone-
resistance genes in the aquatic environment. Science of the 
Total Environment. 2013;444:508-514. doi:10.1016/j.
scitotenv.2012.11.077

14. Ahmed N, Alfadil A, Mohamed MS, Ali MM, Amin E, 
El I. Characterization of Pathogenic Bacteria Isolated from 
Sudanese Banknotes and Determination of Their Resistance 
Profile. Int J Microbiol. 2018 Sep 24;2018:4375164. 
doi: 10.1155/2018/4375164. PMID: 30344610; 
PMCID: PMC6174782. 

15. Lamichhane J, Adhikary S, Gautam P, Maharjan R, Dhakal 
B. Risk of Handling Paper Currency in Circulation Chances 
of Potential Bacterial Transmittance. Nepal J Sci Technol. 
2009;10:161-166. http://dx.doi.org/10.3126/njst.
v10i0.2952

16. Onuoha SC, Fatokun K. Bacterial Contamination and 
Public Health Risk Associated with the Use of Banks ’ 
Automated Teller Machines ( Atms ) in Ebonyi State , 

Nigeria. Am J Public Health Res. 2014;(January). 
doi:10.12691/ajphr-2-2-2

17. Nwankwo, Emmanuel & Offiah, J. (2016). Bacterial 
Contamination of User Interface of Automated Teller 
Machines (ATM) of Various Banks in Umuahia Metropolis, 
Abia State, Nigeria. International Journal of Tropical 
Disease & Health.2016,(13). 1-9. doi:10.9734/
IJTDH/2016/22812.

18. Mahmoudi H, Arabestani MR, Alikhani MY, Sedighi I, 
Kohan HF, Molavi M. Antibiogram of bacteria isolated from 
automated teller machines in Hamadan, West Iran. GMS 
Hyg Infect Control. 2017;12:Doc03. doi:10.3205/
DGKH000288

19. Saroja V, Kamatchiammal S, Brindha K, Anbazhagi S. 
Enumeration and chracterisation of coliforms from Automated 
Teller Machines (ATM) centres in urban areas. https://
www.researchgate.net/publication/ 235943271 

20. Simone Aquino, José Eduardo Alves de Lima, Moisés 
Oliveira da Silva, Gabriela Fabricio de Sousa. Multidrug-
resistant bacteria isolated from automated teller machine in 
metropolitan area of São Paulo, Brazil. World Journal of 
Biology Pharmacy and Health Sciences. 2021;5(1):027-
036. doi:10.30574/wjbphs.2021.5.1.0002

21. Mehmet ST, Yusuf Y, Baris O, Yucel D, Nilay G. Bacteria 
found on banks automated teller machines (ATMs). Afr J 
Microbiol Res. 2013;7(16):1619-1621. doi:10.5897/
ajmr12.390

22. Duraipandian J, Vigneshwaran S, Kumar R P, Bharatwaj 
RS, Bagyalakshmi R. Study of Prevalence of Microbial 
Contamination with its Antibiotic Resistance Pattern in 
Automated Teller Machine in and around Puducherry, 
India. Journal of Earth, Environment and Health Sciences. 
2015;1:27. doi:10.4103/2423-7752.159924

23. Inês J, Barbosa B, Da H, et al. Microbial contamination 
of main contact surfaces of Automated Teller Machines 
from Metropolitan Area of Porto Microbial contamination 
of main contact surfaces of Automated. International Journal 
of Environmental Studies. 2020;77(2):208-221. doi:10.
1080/00207233.2019.1674584

24. Antibiogram of bacteria isolated from automated teller 
machines in Hamadan, West Iran. Accessed July 7, 
2021.https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5292576/

25. Pickering AJ, Julian TR, Mamuya S, Boehm AB, Davis J. 
Bacterial hand contamination among Tanzanian mothers 
varies temporally and following household activities. Tropical 
Medicine and International Health. 2011;16(2):233-239. 
doi:10.1111/j.1365-3156.2010.02677.x

26. Tellevik MG, Blomberg B, Kommedal Ø, Maselle SY, 
Langeland N, Moyo SJ. High Prevalence of Faecal 
Carriage of ESBL-Producing Enterobacteriaceae among   
Children in Dar es Salaam, Tanzania. PLoS One. 
2016;11(12):e0168024. doi:10.1371/journal.
pone.0168024

27. Neel R. Isolation of pathogenic microorganisms from 
contaminated paper currency notes in circulation from 
different market places in Korogwe and Mombo towns 
in Tanzania. J Microbiol Biotech Res. 2012;2, doi 
10.12691/bb-2-3-2 

East Africa Science 2023 | Volume 5 | Number 1                           89

Contamination of ATM Surfaces with Gram-negative Bacteria                         www.eahealth.org



28. Moremi N, Claus H, Vogel U, Mshana SE. Faecal carriage 
of CTX-M extended-spectrum beta-lactamase-producing 
Enterobacteriaceae among street children dwelling in 
Mwanza city, Tanzania. PLoS One. 2017;12(9):1-11.
doi:10.1371/journal.pone.0184592

29. Mshana SE, Falgenhauer L, Mirambo MM, et al. 
Predictors of bl a CTX-M-15 in varieties of Escherichia coli 
genotypes from humans in community settings in Mwanza 
, Tanzania. BMC Infect Dis. Published online 2016:1-9. 
doi:10.1186/s12879-016-1527-x

30. MoHCDGEC. The National action plan on antimicrobial 
resistance 2017-2022. World Health Organization. 
2017;2017-2022:76.

31. Dar Es Salaam Population 2021 (Demographics, 
Maps, Graphs). Accessed July 15, 2021. https://
worldpopulationreview.com/world-cities/dar-es-salaam-
population

32. Insights into the Tanzania Financial Sector - ClickPesa. 
Accessed July 15, 2021. https://clickpesa.com/
tanzania-financial-sector/

33. List of All the Licensed Banks in Tanzania | TanzaniaInvest. 
Accessed July 15, 2021. https://www.tanzaniainvest.
com/banks

34. Leslie Kish-Survey Sampling-John Wiley & Sons, Inc. 
(1965) | PDF. Accessed April 8, 2023. https://www.
scribd.com/doc/312190235/Leslie-Kish-Survey-
Sampling-John-WileySonsInc1965

35. Onuoha SC, Fatokun K. Bacterial Contamination and 
Public Health Risk Associated with the Use of Banks ’ 
Automated Teller Machines ( Atms ) in Ebonyi State , Nigeria. 
Am J Public Health Res. 2014;(January). doi:10.12691/
ajphr-2-2-2

36. HiMedia Leading BioSciences Company. Accessed April 
7, 2023. https://www.himedialabs.com/us/

37. Oxoid UK - New Website. Accessed April 7, 2023. 
http://www.oxoid.com/new-website/uk.asp

38. bioMérieux Worldwide | Pioneering Diagnostics. 
Accessed April 6, 2023. https://www.biomerieux.com/
corp/en/who-we-are/biomerieux-worldwide.html

39. Clinical and Laboratory Standards Institute. Clinical 
and Laboratory Standards Institute (CLSI). Performance 
Standards for Antimicrobial Susceptibility Testing. 30th ed. 
CLSI supplement M100. Published online 2020.

40. Drieux L, Brossier F, Sougakoff W, Jarlier V. Phenotypic 
detection of extended-spectrum β-lactamase production 
in Enterobacteriaceae: review and bench guide. Clinical 
Microbiology and Infection. 2008;14(SUPPL. 1):90-103. 
doi:10.1111/j.1469-0691.2007.01846.x

41. Hooper DC, Jacoby GA. Mechanisms of drug 
resistance: quinolone resistance. Ann N Y Acad Sci. 
2015;1354(1):12-31. doi:10.1111/nyas.12830

42. Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-
resistant, extensively drug-resistant and pandrug-resistant 
bacteria: An international expert proposal for interim 
standard definitions for acquired resistance. Clinical 
Microbiology and Infection. 2012;18(3):268-281. 
doi:10.1111/j.1469-0691.2011.03570.x

43. Duraipandian J. Study of Prevalence of Microbial 
Contamination with its Antibiotic Resistance Pattern in 
Automated Teller Machine in and around Puducherry , 
India. Journal of Earth, Environment and Health Sciences. 
2015;(January). doi:10.4103/2423-7752.159924

44. Nagajothi J, Jeyakumari D, Vigneshwaran S, Kumar 
Rp, Bharatwaj R, Bagyalakshmi R. Study of Prevalence 
of Microbial Contamination with its Antibiotic Resistance 
Pattern in Automated Teller Machine in and around 
Puducherry, India. Journal of Earth, Environment and 
Health Sciences. 2015;1(1):27. doi:10.4103/2423-
7752.159924

45. Nachimuthu R, Pillai AP, Manohar P, Thamaraiselvan S. 
Prevalence of multi drug resistant strains on touch screen of 
automated teller machine. 2015;(March):15-18. https://
www.researchgate.net/publication/ 276058298_

46. Mahmoudi H, Arabestani MR, Alikhani MY, Sedighi I, 
Kohan HF, Molavi M. Antibiogram of bacteria isolated from 
automated teller machines in Hamadan, West Iran. GMS 
Hyg Infect Control. 2017;12:Doc03. Published 2017 Feb 
2. doi:10.3205/dgkh000288 

47. Wilson AM, Reynolds KA, Sexton JD, Canales RA. 
Modeling Surface Disinfection Needs To Meet Microbial 
Risk Reduction Targets. Appl Environ Microbiol. 
2018;84(18). doi:10.1128/AEM.00709-18

48. WHO/Unicef. Hand hygiene for all. World Health 
Organization. Published online 2020:1-13.

49. Hübner NO, Hübner C, Wodny M, Kampf G, Kramer A. 
Effectiveness of alcohol-based hand disinfectants in a public 
administration: Impact on health and work performance 
related to acute respiratory symptoms and diarrhoea. BMC 
Infect Dis. 2010;10. doi:10.1186/1471-2334-10-250

50. Walsh TR, Toleman MA. The emergence of pan-resistant 
gram-negative pathogens merits a rapid global political 
response. Journal of Antimicrobial Chemotherapy. 
2012;67(1):1-3. doi:10.1093/jac/dkr378

51. Manyahi J, Matee MI, Majigo M, Moyo S, Mshana SE, 
Lyamuya EF. Predominance of multi-drug resistant bacterial 
pathogens causing surgical site infections in Muhimbili 
national hospital, Tanzania. BMC Res Notes. 2014;7(1):1-
7. doi:10.1186/1756-0500-7-500

52. Mwambete KD, Nyaulingo B. Antibiotic resistance 
profiles of bacterial pathogens from private hospitals in Dar 
es salaam, Tanzania. Int J Pharm Pharm Sci. 2014;6(2):1-
5.

53. Aloush V, Navon-Venezia S, Seigman-Igra Y, Cabili S, 
Carmeli Y. Multidrug-resistant Pseudomonas aeruginosa: risk 
factors and clinical impact. Antimicrob Agents Chemother. 
2006;50(1):43-48. doi:10.1128/AAC.50.1.43-
48.2006

54. Michael CA, Dominey-Howes D, Labbate M. The 
antimicrobial resistance crisis: Causes, consequences, 
and management. Front Public Health. 2014;2(SEP):1-8. 
doi:10.3389/fpubh.2014.00145

55. Hasman H, Mevius D, Veldman K, Olesen I, Aarestrup 
FM. β-Lactamases among extended-spectrum β-lactamase 
(ESBL)-resistant Salmonella from poultry, poultry products and 
human patients in The Netherlands. Journal of Antimicrobial 

East Africa Science 2023 | Volume 5 | Number 1                           90

Contamination of ATM Surfaces with Gram-negative Bacteria                         www.eahealth.org



Chemotherapy. 2005;56(1):115-121. doi:10.1093/jac/
dki190

56. Ali Shah SA, Nadeem M, Syed SA, Fatima Abidi ST, 
Khan N, Bano N. Antimicrobial Sensitivity Pattern of 
Salmonella Typhi: Emergence of Resistant Strains. Cureus. 
Published online 2020. doi:10.7759/cureus.11778

57. Kimera ZI, Mgaya FX, Misinzo G, Mshana SE, Moremi 
N, Matee MIN. Multidrug-Resistant, Including Extended-
Spectrum Beta Lactamase-Producing and Quinolone-
Resistant, Escherichia coli Isolated from Poultry and Domestic 
Pigs in Dar es Salaam, Tanzania. Antibiotics (Basel). 
2021;10(4):406. Published 2021 Apr 9. doi:10.3390/
antibiotics10040406

58. McEwen SA, Fedorka-Cray PJ. Antimicrobial use 
and resistance in animals. Clinical Infectious Diseases. 
2002;34:S93-S106. doi:10.1086/340246

59. Peng ZX, Zou MY, Xu J, et al. [Antimicrobial susceptibility 
and drug-resistance genes of Yersinia spp. of retailed 
poultry in 4 provinces of China]. Zhonghua Yu Fang Yi Xue 
Za Zhi. 2018;52(4):358-363. doi:10.3760/CMA.J.IS
SN.0253-9624.2018.04.006

60. Ye Q, Wu Q, Hu H, Zhang J, Huang H. Prevalence, 
antimicrobial resistance and genetic diversity of Yersinia 
enterocolitica isolated from retail frozen foods in China. 
FEMS Microbiol Lett. 2015;362:197. doi:10.1093/
femsle/fnv197

61. Lautenbach E, Strom BL, Bilker WB, Patel JB, Edelstein 
PH, Fishman NO. Epidemiological investigation of 
fluoroquinolone resistance in infections due to extended-
spectrum beta-lactamase-producing Escherichia coli and 
Klebsiella pneumoniae. Clin Infect Dis. 2001;33(8):1288-
1294. doi:10.1086/322667

62. Aypak C, Altunsoy A, Düzgün N. Empiric antibiotic 
therapy in acute uncomplicated urinary tract infections and 
fluoroquinolone resistance: A prospective observational 
study. Ann Clin Microbiol Antimicrob. 2009;8:27. 
doi:10.1186/1476-0711-8-27

63. Schwarz S, Chaslus-Dancla E, Chaslus-dancla E. Use of 
antimicrobials in veterinary medicine and mechanisms of 
resistance. Vet Res. 2001;32(4):201. doi:10.1051/ve

64. Rice LB. Mechanisms of Resistance and Clinical 
Relevance of Resistance to β-Lactams, Glycopeptides, and 
Fluoroquinolones. Mayo Clin Proc. 2012;87(2):198. 
doi:10.1016/J.MAYOCP.2011.12.003

65. Dupouy V, Abdelli M, Moyano G, et al. Prevalence of 
Beta-Lactam and Quinolone/Fluoroquinolone Resistance 
in Enterobacteriaceae From Dogs in France and Spain—
Characterization of ESBL/pAmpC Isolates, Genes, and 
Conjugative Plasmids. Front Vet Sci. 2019;0(AUG):279. 
doi:10.3389/FVETS.2019.00279

Peer Reviewed

Acknowledgments: We thank all participants and staff 
members in the four hospitals for their support.

Competing Interests: None declared.

Funding: The study received financially supported from 
Tanzania Field Epidemiology and Laboratory management 
program

Received: 03 December 2022; Accepted: 12 March 2023

Cite this article as Shayo RZ,  Lema N, Matee MIN. 
Contamination of Automated Teller Machines Surfaces 
with Multi-drug Resistance Gram-negative Bacteria in 
Dar es Salaam, Tanzania. East Afr Science J. 2023: 5(1): 
81-91. https://doi.org/10.24248/easci.v5i1.78 

© Shayo et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original 
author and source are properly cited. To view a copy of 
the license, visit http://creativecommons.org/licenses/
by/5.0/. When linking to this article, please use the 
following permanent link: https://doi.org/10.24248/
easci.v5i1.78

East Africa Science 2023 | Volume 5 | Number 1                           91

Contamination of ATM Surfaces with Gram-negative Bacteria                         www.eahealth.org


