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Abstract 
 

Despite the notable increase of shopping centers and supermarkets in Oman during the last recent years, along with the 

increasing number of reported incidents of inflammation of the stomach and intestines (gastroenteritis), our knowledge about 

the microbiology of shopping carts in this region and their role as source for transmission of enteric bacteria is still scarce.  So, 

this study was done to examine the bacterial contamination of shopping carts with special emphasis on enteric bacteria in 

A’Sharqiyah region, Oman. One hundred forty different shopping carts surfaces were sampled randomly from 14 shopping 

stores located in A’Sharqiyah region, Oman, during the period from November 2018 to August 2019. Samples were cultured 

to determine heterotrophic plate count. Pure isolates were then obtained and characterized biochemically. The isolates were 

finally tested for antibiotic resistance. The heterotrophic plate count per shopping cart was found to fall between 3.3×102 and 

2.2×106 CFU/cm2 surface area. The detected bacteria belonged to 16 bacterial species (7 enteric bacteria and 9 non-enteric 

bacteria). All tested enteric bacteria showed resistance against at least 4 antibiotics. Shopping carts were found to contain 

varying levels of heterotrophic bacteria which included drug-resistant enteric bacteria. These variations are more likely due to 

the low hygienic level, the type of food items placed in the tested shopping carts, the frequency of use and the growth 

conditions. Data indicates that shopping carts may act as source for drug-resistant enteric bacteria and may act as a medium for 

transmitting heterotrophic bacteria between shoppers. © 2022 Friends Science Publishers 
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Introduction 
 

The original design of shopping carts was invented and 

patented by Sylvan Goldman in 1940. 1 He was the owner 

of Piggly Wiggly supermarket chain in Memphis, 

Tennessee, USA. The design was then improved upon by 

Orla Watson and patented in 1949 (Catherine 2006). Later, 

shopping carts became popular in supermarkets and 

groceries and many developments and new designs were 

introduced to cater the needs of the customers. 

Despite the specular and clean appearance of 

supermarkets and shopping centers, there might be 

undesirable microorganisms on the handles and bases 

of the shopping carts (Gerba and Maxwell 2012). 

Indeed, latest investigations have demonstrated that 

shopping carts are considered to be as one of the most 
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contaminated communal surfaces, and an emerging 

common source for foodborne pathogen infection for 

infants (Fullerton et al. 2007; Irshaid et al. 2014). 

Surprisingly, Reynolds et al. (2005) determined the 

mean of heterotrophic bacterial plate count on 

shopping carts may range between 5 to 41.5 per cm2 

(Reynolds et al. 2005). The bacterial contamination of 

shopping carts may possibly happen from direct 

contact with raw food materials or by previous users 

(Blanco et al. 2003; Carrascosa et al. 2019). 

The detected bacterial species on shopping carts vary 

and may include enteric bacteria and non-enteric bacteria 

(Irshaid et al. 2014; Carrascosa et al. 2019); some can be 

drug-resistant (Irshaid et al. 2014). Previous studies showed 

that enteric bacteria and E. coli seem to exist in numbers on 

cart handles higher than other surfaces with which shoppers 

may touch like ATM screens and buttons, eating place's 

tabletops, and elevators (Gerba and Maxwell 2012). Based 

on previous studies, shopping carts can be described as in-

animate objects involved passively in transmission of 

pathogenic bacteria (fomites). 

In Oman, despite the notable increase and 

expansion of shopping centers and supermarkets during 

recent years, along with the increasing number of 

reported incidents of inflammation of the stomach and 

intestines (gastroenteritis), no published data deals with 

the bacterial contamination of shopping carts that may 

expose customers for many diseases. In view of the 

above, this study was done to examine the heterotrophic 

plate count bacteria on shopping carts. The study aims 

also to determine if any enteric bacteria are present, and 

if present, are they virulent? The findings of this 

research will enhance public awareness regarding 

shopping baskets and carts contamination through health 

education and promotion and conducting specialized 

public awareness sessions to improve public health 

education and promotion in the Sultanate of Oman in 

general and at A’Sharqiyah region in particular. 
 

Materials and Methods 
 

Study region and samples collection 
 

The study was conducted in A’Sharqiyah (the eastern region 

of the Sultanate of Oman). The samples were collected from 

different supermarkets distributed along the region. The 

samples were collected from November 2018 to August 

2019. A total of 140 shopping carts surfaces were sampled 

to determine heterotrophic plate count. The shopping carts 

in the selected supermarkets were sampled using a sterile 

cotton swab immersed in sterile normal saline solution. The 

swabs were rolled on an already measured surface of each 

shopping cart. 
 

Determining the heterotrophic plate count and isolation 
 

plate count was determined using nutrient agar (NA) plates 

after dilution. Plates were incubated at 37°C for 48 h. In 

order to isolate bacteria, separated colonies that differ in 

colonial morphology were transferred into new NA plates to 

obtain pure culture as described before (Jacob et al. 2016). 

The isolated bacteria were further cultivated on a series of 

selective media including McConky agar, Simmons citrate 

agar, and eosin methylene as differential media to have a 

first clue about their identity. Stocks of pure bacterial 

cultures were cultivated on NA slant media and store at 

4°C for further analyses. Another stock cultures containing 

glycerol (30%) were used for long-term storage and kept at 

-20°C (Jacob and Irshaid 2015). 
 

Identification of contaminating bacteria 
 

The first clue about the identity of bacterial isolates (in pure 

cultures) was obtained by their growth on selective 

media as mentioned earlier. The isolates were further 

characterized by Gram stain and biochemical analysis 

based on Bergey's Manual of Systematic Bacteriology. 

Enterobacteriaceae members were confirmed by the 

analytical profile index (API) 20E system (bioMérieux, 

France) which includes a biochemical panel for 

identification and differentiation of members of the family 

Enterobacteriaceae. Control bacterial species available from 

ATCC were included as quality control. 
 

Antimicrobial resistance 
 

The Enterobacteriaceae isolates were examined to determine 

their antimicrobial resistance by the agar diffusion method. A 

variety of antibiotics was used including ampicillin, 

cefixime, ciprofloxacin, cloxacillin, cotrimoxazole, 

erythromycin, gentamicin, nalidixic acid and tetracycline. 

The zones of inhibition around the antibiotic discs were 

measured in millimeters. The zones of inhibition were 

compared to the resistance cutoff point suggested by the 

NCCLS (2000). 
 

Results 
 

Evaluating the bacterial contamination 
 

The average numbers of heterotrophic bacteria, counted as 

heterotrophic plate count from the shopping carts in the 

studied shopping centers, are shown in Fig. 1. The average 

number among all selected stores was 6.58×105 ± 1.48×106. 

The lowest number of bacteria was observed on shopping carts 

from store 11 (1.3×103) whereas the highest number (4.2×106) 

was detected on carts from store 7. The lowest number of 

bacteria on cart surfaces was found only in store number 11, 

followed by stores 4, 9, 13 and 14. In contrary, the highest 

number of bacteria on shopping carts surfaces was found in 

stores 1 and 7 followed by stores 3, 6, 10, 12, 2, 5 and 8. 
 

Identification and abundance of contaminating bacteria 
 

A sum of 207 bacterial species was obtained from the 

https://en.wikipedia.org/wiki/Administrative_divisions_of_Oman
https://en.wikipedia.org/wiki/Sultanate_of_Oman
https://www.springer.com/book/9780387950433
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selected shopping carts. The detected species and their 

percentages are shown in Fig. 2. The most frequently 

isolated bacterial genus was Bacillus; where 40 isolates 

were obtained constituting 19.3%, followed by 

Staphylococcus saprophyticus, where 34 isolates were 

obtained constituting 16.4% isolates, and the lowest was 

Klebsiella pneumoniae with 3 isolates (1.4%). The 

identified bacterial isolates were also categorized into 

enteric bacteria and non-enteric bacteria (7 enteric bacteria 

and 9 non-enteric species). Enteric bacteria include: E. coli, 

K. pneumonia, K. oxytoca, E. cloacae, S. sonnei, Y. colitica 

and Y. enterocolitica. The occurrence of enteric bacteria and 

non-enteric bacteria is shown in Table 1. 

 

Antimicrobial resistance spectrum 

 

The antimicrobial resistance of some representative enteric 

bacteria isolated from shopping carts is shown in Table 2. 

Results indicate that all isolates were resistant to cloxacillin 

and erythromycin. All isolates were resistant to four types of 

antibiotics as a minimum. Some isolates were resistant to 5 

tested antibiotics (for example some E. coli strains). Others 

were found to be resistant to 4 antibiotics (for example some 

K. pneumoniae strains) (Table 2). 
 

Discussion 
 

The results obtained from this current study demonstrated a 

variation in the load and type of heterotrophic bacteria on the 

surfaces of shopping carts used in all studied stores. In this 

study, the average bacterial concentration was higher than 

reported by other studies. The average bacterial load was 

3.65×10
5 CFU/carts compared to 3.43×105 CFU/cart 

according to the study by Gerba and Maxwell (2012). These 

variations are more probably because of the level of sanitation 

of these shopping carts. It could also be attributed to the type 

of food that the shopper put in these tested shopping carts, the 

frequency of use, and the growth conditions. For instance, 

vegetables, seafood, fruits and raw meat, or frozen food items 

may have different impact on the nutrient levels, moisture, 

Table 1: Frequency of Enteric bacteria and Non-enteric bacteria isolated from stores shopping carts used at A’Sharqiyah (the eastern 

region of the Sultanate of Oman) 
 

Store Detected bacterial species 

Non-enteric bacteria Enteric bacteria 

Store 1 Bacillus sp., B. pumilus Escherichia coli, Shigella sonnei, Klebsiella pneumoniae 
Store 2 B. thuringiensi, Burkholderia cepacia K. pneumonia, 

Store 3 Staphylococcus haemolyticus, Acinetobacter calcoaceticus K. oxytoca, Yersinia enterocolitica 

Store 4 S. epidermidis K. oxytoca, Y. enterocolitica 
Store 5 S. saprophiticus E. coli, S. sonnei 

Store 6 Bacillus sp. E. coli, K. pneumonia, Y. enterocolitica 

Store 7 S. saprophiticus K. pneumonia, Y. enterocolitica 
Store 8 B. thuringiensis E. coli 

Store 9 S. epidermidis, A. calcoaceticus None 

Store 10 B. cereus, S. haemolyticus E. coli, S. sonnei, Y. enterocolitica 
Store 11 B. pumilus, B. cepacia Y. enterocolitica 

Store 12 S. epidermidis, B. cepaci, A. calcoaceticus Enterobacter cloacae, K. oxytoca 

Store 13 S. haemolyticus E. coli, S. sonnei 

Store 14 B. thuringiensis S. sonnei, E. cloacae, K. oxytoca 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1: The heterotrophic plate count (CFU/cm2) on shopping carts (n = 10) used in 14 different stores at A’Sharqiyah (the eastern region 

of the Sultanate of Oman) 
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and temperature of the shopping carts. These food types and 

their residues may give sufficient humidity and nutritional 

requirements to maintain microbial growth on the surfaces 

of these shopping carts. This was consistent with the 

previous studies (Gerba and Pepper 2009). 

The overall assessment of the shopping carts samples 

analyzed bacteriologically indicated the presence of a high 

bacterial load. Some studies have illustrated a straight 

association between the bacterial population on shopping 

carts and the hazard of cross-transmission after a single 

hand-to-hand contact (e.g., Bellissimo-Rodrigues et al. 

2017). The common incidence of enteric bacteria and E. coli 

on shopping carts suggests that the customers are prone to 

enteric bacteria regularly when using grocery shopping carts 

(Gerba and Maxwell 2012). 

The detected bacterial species, like staphylococci, 

represents some resident microflora, which is attached to 

skin, and is resistant to taking away by regular washing. On 

the other hand, enteric bacteria frequently come from fecal 

material and are linked to low hygienic conditions. Enteric 

bacteria and E. coli that were found on the carts may have 

come from touching raw foods, animal wastes, other 

sources of fecal material, and contact with hands 

contaminated with feces or other body parts (diaper aged 

infants). 

Results of a number of epidemiological reports have 

revealed that a risk of infectious disease from regular enteric 

bacteria was associated with the small children placement in 

shopping carts (Fullerton et al. 2007). Indeed, the 

occurrence of Staphylococcus sp. agrees with the study of 

Alghamdi et al. (2011). The high numbers of 

Staphylococcus sp. indicate poor sanitary conditions of the 

carts when we compare them to other common places that 

the community comes into contact. This likely enhances the 

Table 2: Antimicrobial resistance of the isolated enteric bacteria. The antibiotics used include ampicillin (amp), cefixime (cxm), 

ciprofloxacin (cip), cloxacillin (cxc), erythromycin (ery), gentamicin (gen), nalidixic acid (nal), and tetracycline (tet) 
 

Bacterial isolate N* Antibiotics T** 

E. coli 8 amp, cxc, ery, gen, nal, tet 6 
K.  pneumoniae 4 amp, cxc, ery, tet 4 

K. oxytoca 8 amp, cxc, ery, gen, tet 4 

E. cloacae 4 amp, cxm, ery, cxc, tet 5 

S. sonnei 7 amp, cxc, ery, tet 4 

Y. colitica 1 amp, cxc, ery, nal 4 

Y. enterocolitica 5 amp, cxc, ery, tet 4 

*N: Number of resistant isolates 

**T: The total number of resisted antibiotics 
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Fig. 2: Identification of bacteria and their abundance on shopping carts in the selected stores at A’Sharqiyah (the eastern region of 

the Sultanate of Oman). Outer circle sections represent the percentage of the detected species, whereas the inner circle sections represent 

the absolute number of isolates 
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risk of acquiring a pathogenic organism. Interestingly, the 

obtained results showed the significance of sanitization and 

disinfection of shopping carts before use to evade/reduce the 

existence of K. pneumonia, which is known to be an 

opportunistic pathogen responsible for an elevated 

percentage (4–8%) of hospital-acquired infections 

(Podschun and Ullmann 1998). Burkholderia cepacia 

species represented the highest resistance strains against the 

tested antibiotics. Indeed, the Burkholderia can resist 

antimicrobials due to its outer membrane penetration fence. 

Most Burkholderia species have a modified 

lipopolysaccharide which causes intrinsic polymyxin 

resistance (Rhodes and Schweizer 2016). Similarly, 

Acinetobacter calcoaceticus is a common cause of 

nosomcomial infections worldwide and it is notable for its 

resistance against antibiotic such as carbapenems (Van et al. 

2014). 
These risks of infectious diseases transmitted via 

shopping carts can be reduced by applying shopping carts 

sanitization and disinfection program and by developing 

efficient planning to ensure scheduled cleaning of carts, and 

mainly to reduce the transmission of viruses like Covid-19. 

Disinfecting wipes available today contain chemicals like 

quaternary ammonium which efficient against many types 

of enteric bacteria (Block 2001). Moreover, disposable 

plastic covers are also an option. They are made to suit the 

hand contact area (for instance, the handle of shopping cart). 

After use, the covers can be discarded. Similar rules and 

legislations should be passed by authorities in Oman, to 

reduce the hazard of exposure to pathogens. 
 

Conclusion 
 

Supermarket's shopping carts seem to be one of the 

contaminated surfaces that the community may come into 

contact frequently in public facilities. The results of this 

study demonstrated that shopping carts my act as source for 

drug-resistant enteric bacteria and may act as a medium for 

transmitting heterotrophic bacteria between shoppers. These 

findings will enhance public awareness regarding shopping 

baskets and carts contamination through health education 

and promotion and conducting specialized public awareness 

sessions to improve public health education and promotion 

in the Sultanate of Oman in general and at A’Sharqiyah 

region in particular. 
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