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Abstract
Objective: Antimicrobial resistance among the bacteria present in ready-to-eat foods like vegetable salads is an
emerging concern today. The current study was undertaken to investigate the presence of multi-drug resistant
extended-spectrum β-lactamase (ESBL) producing E. coli and Salmonella spp. in raw vegetable salads served at hotels
and restaurants in Bharatpur. A total of 216 salad samples were collected from three different grades of hotels and restaurants and examined for the presence of E. coli and Salmonella spp. in Microbiology laboratory of Birendra Multiple
Campus by conventional microbiological techniques.
Results: Out of 216 samples, 66 samples (35.2%) showed the presence of Salmonella spp. whereas E. coli was recovered from 29 (13.4%) samples of which 3 samples harbored E. coli O157: H7. Antibiotic susceptibility testing revealed
that 9 (13.6%) Salmonella and 4 (13.8%) E. coli isolates were detected as multi-drug resistant. Total ESBL producers
reported were 5 (7.57%) Salmonella and 4 (13.8%) E. coli. The study also assessed a significant association between
occurrence of E. coli and Salmonella with different grades of hotels and restaurants, personal hygiene and literacy rate
of chefs and with the type of cleaning materials used to wash knives and chopping boards (p < 0.05). The findings
suggest an immediate need of attention by the concerned authorities to prevent the emergence and transmission of
food-borne pathogens and infections antimicrobial resistance among them.
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Introduction
Salad is any food preparations made up of a mixture of
chopped or sliced vegetables that provides a good source
of minerals and dietary fiber of low fat and calories to the
consumer [1]. Salad vegetables are consumed without
any form of heat treatment, sometimes without washing,
thus, has the possibility of causing food-borne diseases
[2]. Some previous studies have revealed the presence of
E. coli, E. coli O157: H7, Salmonella spp., Enterobacter
aerogenes, Pseudomonas spp., Klebsiella spp., Providencia
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spp., Listeria monocytogenes and Proteus spp. from vegetable salads [3–6].
Drug resistance is one of nature’s not ever ending processes which may be due to a pre-existing factor in the
organisms or results from the acquired factors [7]. The
enteric bacteria in fecal flora are often stated to be highly
resistant and E. coli is reported to be the main transporter of antimicrobial resistance [8]. Beta-lactamase
production is the most important mechanism of resistance to penicillins and cephalosporins [9]. Bacterial species that hold extended-spectrum beta-lactamase (ESBL)
genes reside in the gastrointestinal tract and food is the
key route of them [10]. To the best of our knowledge,
no any study has yet been made in Nepal that endeavors
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to examine the bacterial quality of green salads. Hence
this study was carried out to screen multi-drug resistant
extended spectrum beta-lactamase producing E. coli and
Salmonella on raw vegetable salads served at hotels and
restaurants in Bharatpur.

Main text
Study design and setting

A descriptive cross-sectional study was carried out for
5 months from November 2017 to March 2018 in Bharatpur metropolitan city. The salads samples were collected
using random sampling methods without repetition from
different grades of hotels and restaurants in the city. The
sample size was determined in accordance with the prevalence rate based on the previous study [4]. A total of 216
salad samples were included in this study.
Methodology

A total of 216 ready-to-eat salad samples (72 radish, 72
carrots and 72 cucumbers) were collected in sterile ziplocked plastic bags from three different grades of hotels
and restaurants in Bharatpur city and transported aseptically to the Microbiology laboratory of Birendra Multiple
Campus within 1 h for further analysis. The hotels and
restaurants were categorized into three grades: A, B and
C based on the cost, economic class of the customers and
number of staffs involved in serving [11]. Twenty-five
gram of salad sample was mixed with 225 ml sterile water
and left covered for 30 min. Then, 1 ml of the sample
was inoculated in buffered peptone water and Selenite F
broth and incubated at 37 °C for 24 h. One loopful of the
culture was streaked on Eosine Methylene Blue agar and
Xylose Lysine Deoxycholate agar for the identification of
E. coli and Salmonella spp. respectively and incubated at
37 °C for 24 h. The suspected colonies after incubation
were sub-cultured on Nutrient agar. Identification of
bacterial isolates was carried out based on their cultural,
morphological and biochemical characteristics [12]. For
the preliminary identification of E. coli O157: H7, E. coli
isolates were streaked on the MacConkey Sorbitol agar
and incubated at 37 °C for 24 h and colorless colonies
were suspected as E. coli O157: H7. Later, the slide agglutination test using anti-O157 and flagellar H7 serum was
done (Defico, USA) to confirm E. coli 0157:H7 strains.
Antibiotic susceptibility tests (AST) were performed
by modified Kirby Bauer’s disc-diffusion method [13].
Antimicrobial discs amoxicillin (10 µg), cotrimoxazole
(25 µg), ciprofloxacin (5 µg), gentamicin (10 µg) and
azithromycin (15 µg) for Salmonella and in case of E. coli,
gentamicin (10 µg), ciprofloxacin (5 µg), cotrimoxazole
(25 µg), ampicillin (10 µg) and chloramphenicol (30 µg)
were used in the study. Resistance shown to at least
three or more antibiotics of different structural classes
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was considered MDR as described elsewhere [14, 15].
Screening of ESBL was performed by using ceftazidime
(30 µg) and cefotaxime (30 µg) discs. The zone of inhibition (ZOI) ≤ 22 mm for ceftazidime and ≤ 27 mm for
cefotaxime was considered as potential ESBL producer
as recommended by Clinical and Laboratory Standards
Institute (CLSI). Possible ESBL producers were subjected
to combined disc test for phenotypic confirmation as recommended by CLSI [16]. The combination of ceftazidime
and cefotaxime alone and in combination with clavulanic
acid (CA) (10 µg) were used for the confirmation of ESBL
producing isolates. An increase ZOI of ≥ 5 mm for either
antimicrobial agent tested in combination with CA versus its zone when tested alone was interpreted as positive
for ESBL production. E. coli ATCC 25922 and Salmonella Typhimurium ATCC 14028 were used as reference
strains for quality control.
Raw data obtained in this study were tabulated in SPSS
V.20 and Chi square test was performed. p ≤ 0.05 was
assigned as significant.
Results
Distribution of E. coli and Salmonella in salads

A total number of 216 salad samples were collected and
analyzed for the presence of Salmonella and E. coli. Salmonella was isolated from 66 (30.56%) samples while E.
coli was isolated from 29 (13.43%) samples, out of which
3 (10.34%) were found to be E. coli O157: H7.
Association of various variables with the rate of bacterial
contamination

A total of 216 salad samples were analyzed for the presence of E. coli and Salmonella. Salads served in Grade
C restaurants showed higher contamination of E. coli
(20.83%) and Salmonella (41.64%) as compared to Grade
A and B types (p ≤ 0.05). Similarly, salads prepared by the
illiterate chefs were found more prone to contamination
by E. coli (44%) and Salmonella (66.7%) (p ≤ 0.05). The
high incidence of contamination by E. coli (16.67%) and
Salmonella (32.8%) were observed in the salads prepared
by the non-gloved chefs (p ≤ 0.05). Chopping boards and
knives washed by water showed higher contaminations
of Salmonella (44.4%) in comparison to those washed by
detergents and soaps (p ≤ 0.05) (Table 1).
Antibiotic susceptibility pattern

AST was also performed for all the E. coli and Salmonella
isolates against different antibiotics like ampicillin, cotrimoxazole, chloramphenicol, ciprofloxacin, azithromycin,
amoxicillin and gentamicin. More than half of the E. coli
isolates (58.60%) were found to be resistant to ampicillin.
Gentamicin was the most effective antibiotic as 96.60%
of the isolates were found to be sensitive to it followed
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Table 1 Association of various variables with the rate of bacterial contamination
S. no.

Attributes

Sample from

No. of sample

Isolates
E. coli

Salmonella

Contaminated sample
1

2
3
4

Grades

Literacy
Personal hygiene
Cleaning materials

Grade A

72

4 (5.55%)

Grade B

72

10 (13.88%)

Grade C

72

15 (20.83%)

Literate

207

25 (12%)

Illiterate

9

4 (44%)

54

2 (3.7%)

Non-gloved

Gloved

162

27 (16.67%)

Soap/detergent

171

Water

Contaminated sample

0.015*

22 (30.55%)

p-value

14 (19.44%)
0.015*

30 (41.64%)
0.021*

60 (29%)

0.025*

6 (66.7%)
0.016*

1 (5.6%)

0.015*

65 (32.8%)

19 (11%)

45

p-value

0.052

46 (26.9%)

10 (22.2%)

0.023*

20 (44.4%)

* Significant at 5% level of significance

Table 2 Antibiotic susceptibility pattern of isolates
SN

Antibiotics

Susceptibility pattern
Susceptibility pattern of Salmonella
S

I

Susceptibility pattern of E. coli
R

S

I

R

1

Azithromycin

77.30%

0%

22.70%

NT

NT

NT

2

Amoxicillin

0%

0%

100%

NT

NT

NT

3

Ciprofloxacin

6%

80.30%

13.70%

82.80%

0%

17.20%

4

Cotrimoxazole

97%

0%

3%

93.20%

3.40%

3.40%

5

Gentamicin

95.50%

0%

4.50%

96.60%

3.40%

0%

6

Chloramphenicol

NT

NT

NT

62.10%

24.10%

13.80%

7

Ampicillin

NT

NT

NT

41.40%

0%

59.60%

S sensitive, R resistant, I intermediate, NT not tested

by cotrimoxazole killing 93.20% of E. coli isolates. The
least effective antibiotic was ampicillin which inhibited
the growth of 41.40% of E. coli isolates. Out of 29 isolates
of E. coli, 4 (13.80%) were MDR. Likewise, all Salmonella
isolates were found to be resistant to amoxicillin. Cotrimoxazole was the most effective antibiotics as 97% of
Salmonella isolates were found to be sensitive to it followed by gentamicin killing 95.5% of Salmonella isolates.
The least effective antibiotics was ciprofloxacin which
inhibited the growth of only 4% Salmonella isolates followed by amoxicillin to which all the isolates were resistant. Out of 66 isolates of Salmonella subjected to AST, 19
(28.78%) were MDR (Table 2).
Frequency of ESBL producing E. coli and Salmonella isolates

Out of 95 isolates, 12 isolates gave ESBL screening test
positive. Four isolates of E. coli and 5 isolates of Salmonella accounting a total of 9 (9.47%) were further confirmed as ESBL producers (Table 3).

Table 3 ESBL detection by combination disk-method
Organism

Significant
growth

Screening
Confirmatory test positive
test positive (combination disk
method)

E. coli

29

5

4 (13.8%)

Salmonella

66

7

5 (7.57%)

Total

95

12

9 (9.47%)

Discussion

A total of 216 salad samples were analyzed in the present
study, out of which 13.45% of samples were contaminated
by E. coli. A similar study was performed in Kashan city
of Iran which reported E. coli in 85% salad samples [17].
In a study from India, E. coli was found in 38.3% of different vegetable salads [18]. These two studies show a higher
level of contamination by E. coli than our study. Similarly,
the prevalence of Salmonella reported in this study was
30.6%. It is lower than the study done in India, which
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reported only 3.33% of vegetables salads contaminated
with Salmonella spp. [19]. A similar study was conducted
in Nigeria which reported the presence of 25.0% salad
samples contaminated by Salmonella [20]. A higher incidence Salmonella might be associated with the increased
thermal resistance of Salmonella in chicken litter applied
in the field [21]. In this study, E. coli O157: H7 have been
reported in 1.4% salad samples. A similar study reported
E. coli O157: H7 in 1.3% (6/480) of the raw salad vegetables [22]. Vegetables grown in soil fertilized by animal
manure have a greater chance to be contaminated with E.
coli O157: H7 [23].
A higher number of salad samples harboring Salmonella (41.64%) and E. coli (20.83%) were isolated from the
Grade C restaurants compared to Grade A and B in the
current study (p ≤ 0.05). This might be due to the fact that
chefs were unaware of health as well as personal hygiene,
and water used for washing salad samples might not be
disinfected properly in Grade C types. Distribution of
E. coli and Salmonella also vary based on the literacy
rate of the chefs [24]. Our study revealed a higher incidence of E. coli (44%) and Salmonella (66.7%) in salads
made by illiterate chefs (p ≤ 0.05). Illiterate chefs might
lack the knowledge of consumer’s health and they might
cross-contaminate the salads in the course of preparation. Personal hygiene of the chefs may aid in the variation in the distribution of Salmonella isolates [25]. Salads
prepared by the non-gloved chefs showed a high rate of
contamination—Salmonella (32.8%) and E. coli (16.67%)
(p ≤ 0.05). This finding is in tune with a work which
revealed that non-gloved vendors served highly contaminated ready to eat foods than gloved vendors (p < 0.01)
[26]. Contaminated hands can easily transmit the pathogens like Salmonella and E. coli O157H7 in foods [27].
Obviously, non-gloved chefs might carry dirt and dust
particles which include the higher number of microbes
that can contaminate the salads while preparing. Wide
fluctuation in the prevalence of Salmonella in salads can
be observed in the cleaning trend of chopping board and
knife [28]. More isolates of Salmonella (44.4%) was found
in salads cut in the chopping boards and knives which are
regularly washed by soaps and detergents (p ≤ 0.05). A
study showed a significant coliform reduction (p ≤ 0.05)
for all the methods of disinfection. Disinfection processes can actively reduce the bacterial loads from inanimate surfaces, so a significant coliform reduction can be
achieved [29, 30].
On microbial testing, cotrimoxazole and gentamicin
were the most effective antibiotics for both E. coli and
Salmonella isolates. Amoxicillin was the most ineffective
antibiotic as 100% of the Salmonella isolates were found
to be resistant to it. A similar study conducted in Nigeria found all the Salmonella isolates from salads were
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resistant to amoxicillin [20]. This could due to the easy
hydrolysis of the β-lactam ring by Salmonella as well as
the frequent usage of the drug due to its low cost leading
to the development of resistance by most bacteria.
In this study, 9 (13.6%) Salmonella isolates and 4
(13.8%) E. coli were found to be MDR. The prevalence of
MDR in Salmonella and E. coli has been reported comparatively higher in some other studies. A study in major
markets in Chittagong of Bangladesh reported that all the
Salmonella and E. coli isolates from green salads were
MDR [31]. Moreover, another similar work conducted
in the same city, Chittagong, found that 48.2% of isolates
were MDR [11]. The problem of antibiotics resistance
has been increasing day by day and it has become a serious burden in the medical world. The frequency of ESBL
producers for Salmonella was 5 (7.57%) and E. coli was 4
(13.8%) in the present study. A study conducted by Raphael et al. observed an ESBL incidence rate of 2.3% among
bacterial isolates from spinach [32]. A similar study was
conducted by Bezanson et al. who detected 1.9% of ESBL
producers from lettuce [33]. These two studies revealed a
low prevalence of ESBL producers than our work. Overconsumption and haphazard use of beta-lactam antibiotics might have contributed to the emergence of ESBL
producers.
Conclusions

The results of this study reveal that the safety aspect of
fresh vegetable salads served at the hotels and restaurants in Bharatpur city is unacceptable from microbiological point of view. Poor personal hygiene of the chefs,
improper handling and lack of knowledge on consumer
health are some of the factors the concerned authorities
should pay immediate attention to control the transmission of food-borne pathogens and emergence of antimicrobial resistance among them.

Limitations
The study only determines the prevalence of E. coli and
Salmonella species and their MDR pattern including
ESBL production. The source of contamination of these
items was not assessed however. The present study also
lacks the molecular characterization of the isolates.
Other isolates besides E. coli and Salmonella were not
included in the study. Food safety knowledge of the chefs
was not assessed. Similarly, the bacterial quality of water
used for the preparation of salads was not tested.
Abbreviations
ESBL: extended spectrum beta-lactamase; MDR: multi-drug resistant; DIZ:
diameter of the inhibition zone; RDA: recommended daily allowance; MHA:
mueller hinton agar; AST: antimicrobial susceptibility testing; CLSI: Clinical and
Laboratory Standards Institute.

Sapkota et al. BMC Res Notes

(2019) 12:516

Acknowledgements
The authors are grateful to the Department of Microbiology, Birendra Multiple
Campus for providing laboratory facilities and to the managers of hotels and
restaurants for their cooperation during the sample collection.
Authors’ contributions
SS, SA, AP, and SK conceived the concept and design of this study. SS, MA, HK,
SP and AP performed experimental work. SS, SA, AP and SK analyzed the data
and prepared the final draft of the manuscript. All authors read and approved
the final manuscript.
Funding
No specific finding was received for this study.
Availability of data and materials
All the data obtained during this study are available within the article.
Ethics approval and consent to participate
Ethical approval was obtained from the Research Ethics Committee of
Birendra Multiple Campus, Tribhuvan University, Nepal. The study protocol was
verified by the Research Committee of the Microbiology Department. Human
sample was not involved and verbal informed consent was obtained from all
the chefs included in the study.
Consent of publication
Not applicable.

Page 5 of 6

11.

12.
13.
14.

15.

16.
17.

Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Microbiology, Birendra Multiple Campus, Tribhuvan University, Bharatpur, Nepal. 2 Key Laboratory of Protein and Peptide Drugs, Institute
of Biophysics, Chinese Academy of Sciences, Beijing, China. 3 Department
of Life Sciences, Biochemistry and Molecular Biology, Central China Normal
University, Wuhan, China.
Received: 11 July 2019 Accepted: 10 August 2019

18.
19.
20.
21.
22.

References
1. Udo S, Andy I, Umo A, Ekpo M. Potential Human Pathogens (Bacteria) and
their Antibiogram in Ready-to-eat Salads sold in Calabar, South–South,
Nigeria. Inet J Trop Med. 2009;5(2):1.
2. Beuchat LR, Larry R. Pathogenic microorganism associated with fresh
produce. J Food Protect. 2000;13:204–16.
3. Tambekar DH, Mundhada RH. Bacteriological quality of salad vegetables
sold in Amravati City (India). J Biologl Sci. 2006;6(1):28–30.
4. Viswanathan P, Kaur R. Prevalence and growth of pathogens on
salad vegetables, fruits and sprouts. Int J Hyg Environ Health.
2001;203(3):205–13.
5. Nwankwo IU, Eze VC, Friday JU. Evaluation of the degree of contamination of salad vegetables sold in Umuahia Main Market. Am J Microbiol
Res. 2015;3(1):41–4.
6. Abadias M, Usall J, Anguera M, Solsona C, Viñas I. Microbiological quality
of fresh, minimally-processed fruit and vegetables, and sprouts from retail
establishments. Int J Food Microbiol. 2008;123(1–2):121–9.
7. Manikandan S, Ganesapandian S, Singh M, Kumaraguru AK. Emerging
of multidrug resistance human pathogens from urinary tract infections.
Curr. Res. Bacteriol. 2011;4(1):9–15.
8. Osterblad M, Hakanen A, Manninen R, Leistevuo T, Peltonen R, Meurman
O, Huovinen P, Kotilainen P. A between-species comparison of antimicrobial resistance in enterobacteria in fecal flora. Antimicrob Agents Ch.
2000;44(6):1479–84.
9. Chaudhary U, Aggarwal R. Extended spectrum-lactamases (ESBL)an emerging threat to clinical therapeutics. Indian J Med Microbiol.
2004;22(2):75.
10. Overdevest I, Willemsen I, Rijnsburger M, Eustace A, Xu L, Hawkey P, Heck
M, Savelkoul P, Vandenbroucke-Grauls C, van der Zwaluw K, Huijsdens

23.

24.
25.

26.
27.
28.
29.

30.
31.

X. Extended-spectrum β-lactamase genes of Escherichia coli in chicken
meat and humans, The Netherlands. Emerg Infect Dis. 2011;17(7):1216.
Nawas T, Mazumdar RM, Das S, Nipa MN, Islam S, Bhuiyan HR, Ahmad I.
Microbiological quality and antibiogram of E. coli, Salmonella and Vibrio of
salad and water from restaurants of Chittagong. J Environ Sci Nat Resour.
2012;5(1):159–66.
Forbes BA, Sahm DF, Weissfeld AS. Diagnostic microbiology. St Louis:
Mosby; 2007.
Clinical Laboratory Standards Institute (CLSI). Performance standards
for antimicrobial susceptibility testing; 24th informational supplement
(M100-S26). Wayne: CLSI; 2016.
Sahm DF, Thornsberry C, Mayfield DC, Jones ME, Karlowsky JA. Multidrugresistant urinary tract isolates of Escherichia coli: prevalence and patient
demographics in the United States in 2000. Antimicrob Agents Chemother. 2001;45(5):1402–6.
Simner PJ, Zhanel GG, Pitout J, Tailor F, McCracken M, Mulvey MR,
Lagacé-Wiens PR, Adam HJ, Hoban DJ. Canadian antimicrobial resistance alliance (CARA. Prevalence and characterization of extendedspectrum β-lactamase- and AmpC β-lactamase-producing Escherichia
coli: results of the CANWARD 2007–2009 study. Diagn MIcr Infect Dis.
2011;69(3):326–34.
Clinical Laboratory Standards Institute (CLSI). Performance standards
for antimicrobial susceptibility testing: 21st informational supplement
(M100–S22). Wayne: CLSI; 2012.
Castro-Rosas J, Cerna-Cortés JF, Méndez-Reyes E, Lopez-Hernandez D,
Gómez-Aldapa CA, Estrada-Garcia T. Presence of faecal coliforms, Escherichia coli and diarrheagenic E. coli pathotypes in ready-to-eat salads, from
an area where crops are irrigated with untreated sewage water. Int J Food
Microbiol. 2012;156(2):176–80.
Avazpour M, Nejad MR, Seifipour F, Abdi J. Assessment of the microbiological safety of salad vegetables from different Restaurants in Ilam. J
Paramed Sci. 2013;4(2):111–5.
Mritunjay SK, Kumar V. A study on prevalence of microbial contamination
on the surface of raw salad vegetables. 3 Biotech. 2017;7(1):13.
Adeshina GO, Jibo SD, Agu VE. Antibacterial susceptibility pattern of
pathogenic bacteria isolates from vegetable salad sold in restaurants in
Zaria, Nigeria. J Microbiol Res. 2012;2(2):5–11.
Chen Z, Diao J, Dharmasena M, Ionita C, Jiang X, Rieck J. Thermal inactivation of desiccation-adapted Salmonella spp. in aged chicken litter. Appl
Environ Microbiol. 2013;79(22):7013–20.
Mritunjay SK, Kumar V. Microbial quality, safety, and pathogen detection
by using quantitative PCR of raw salad vegetables sold in Dhanbad city,
India. J Food Protect. 2016;80(1):121–6.
Islam M, Morgan J, Doyle MP, Phatak SC, Millner P, Jiang X. Fate of Salmonella enterica serovar Typhimurium on carrots and radishes grown in
fields treated with contaminated manure composts or irrigation water.
Appl Environ Microbiol. 2004;70(4):2497–502.
Zaglool DA, Khodari YA, Othman RA, Farooq MU. Prevalence of intestinal
parasites and bacteria among food handlers in a tertiary care hospital.
Nigerian Med J J Nigeria Med Assoc. 2011;52(4):266.
Abdi RD, Mengstie F, Beyi AF, Beyene T, Waktole H, Mammo B, Ayana D,
Abunna F. Determination of the sources and antimicrobial resistance
patterns of Salmonella isolated from the poultry industry in Southern
Ethiopia. BMC Infect Dis. 2017;1:352.
Khadka S, Adhikari S, Rai T, Ghimire U, Parajuli A. Bacterial contamination
and risk factors associated with street-vended Panipuri sold in Bharatpur,
Nepal. Int J Food Res. 2018;5:32–8.
Gorman R, Bloomfield S, Adley CC. A study of cross-contamination of
food-borne pathogens in the domestic kitchen in the Republic of Ireland.
Int J Food Microbiol. 2002;76(1–2):143–50.
Cliver DO. Cutting boards in Salmonella cross-contamination. J AOAC Int.
2006;89(2):538–42.
Amoah P, Drechsel P, Abaidoo RC, Klutse A. Effectiveness of common and
improved sanitary washing methods in selected cities of West Africa for
the reduction of coliform bacteria and helminth eggs on vegetables. Trop
Med Int Health. 2007;12:40–50.
Adhikari S, Khadka S, Sapkota S, Shrestha P. Methicillin-resistant Staphylococcus aureus associated with mobile phones. SOJ Microbiol Infect Dis.
2018;6(1):1–6.
Nipa MN, Mazumdar RM, Hasan MM, Fakruddin MD, Islam S, Bhuiyan
HR, Iqbal A. Prevalence of multi drug resistant bacteria on raw salad

Sapkota et al. BMC Res Notes

(2019) 12:516

vegetables sold in major markets of Chittagong city, Bangladesh. MiddleEast J Sci Res. 2011;10(1):70–7.
32. Raphael E, Wong LK, Riley LW. Extended-spectrum beta-lactamase gene
sequences in gram-negative saprophytes on retail organic and nonorganic spinach. Appl Environ Microbiol. 2011;77(5):1601–7.
33. Bezanson GS, MacInnis R, Potter G, Hughes T. Presence and potential for horizontal transfer of antibiotic resistance in oxidase-positive

Page 6 of 6

bacteria populating raw salad vegetables. Int J Food Microbiol.
2008;127(1–2):37–42.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

