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Increasing Threat of ESBL in Raw Vegetables
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Abstract: Extended spectrum beta lactamase (ESBL) is an emerging threat for community worldwide since 1963. It spreads through
many reservoirs like Hospitals, Sewage, animal/poultry farms to natural water and Food. Agricultural use of antibiotics as growth
promoters, use of manure as fertilizer (already contaminated with antibiotic resistant bacteria), and irrigation of vegetable crops with
sewage water increases the chances of ESBL presence in raw vegetables. To determine whether ESBL producing gram negatives are
present in raw vegetables and in sewage in Surat , we have collected 81 different types of vegetable samples, sewage samples and crop
irrigation water samples from different area of Surat and checked for antibiotic resistance using 3™ generation Cephalosporins
(Cefotaxime, Ceftazidime). Total of 242 antibiotic resistant isolates found, among them 56.19% from vegetables, 23.14% from sewage
and 20.66% from crop irrigation water. Their bacterial species were then analysed for presence of ESBL. 20.68% vegetable samples
and 77% sewage samples were found contaminated with ESBL. It shows that raw vegetables irrigated with sewage water may have
higher chances to get ESBL. It suggests that raw vegetables might be a source of resistance gene spread among Human.
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1. Introduction

Extended spectrum beta lactamases (ESBLS) are enzymes
that hydrolyse most beta lactam antibiotics including
penicillins and cephalosporins. ESBLs are found in Gram-
negative bacteria, especially in enterobacteriaceae and
Pseudomonas aeruginosa.[1,2] The resistance power either
spontaneously generated through genetic mutations or by the
excessive use of beta lactam antibiotics which gave chance of
adaptation to microorganisms. Genetic exchange is another
mechanism by which antibiotic resistant plasmids can move
between bacteria and transfer resistance capacity. ESBLs are
inhibited by clavulanic acid and tazobactam.

About 90% antimicrobial agents used in agriculture as
growth promoting and prophylactic agents in animal rather
than to treat infection.[3,4] Spraying of crops with
antibiotics, particularly fruit trees and vegetables to eliminate
surface bacteria is also associated.[4,5] Inappropriate use of
antibiotics in the agricultureal setting is a major contributor
to the emergence of antibiotic resistant bacteria.  This
situation was first documented in 1963, when increased
levels of resistance in a particular strain of Salmonella
typhimurium were obsereved at several british feedlots.[6].

A variety of ESBLs, mostly of the CTX-M, TEM and SHV
types, have been reported in Enterobacteriaceae.[7,8] TEM
was originally found in single strain of E.coli isolated from a
blood culture from a patient named Temoniera in Greece,
hence the designation TEM.[9] Being plasmid and
transposon mediated has facilitated the spread of TEM to
other species of bacteria. The SHV type is most commonly
found in K.pneumoniae and is responsible for up to 20% of
the plasmid mediated ampicillin resistance in this
species.[10] CTX-M preferentially hydrolyze cefotaxime, the
serine residue at position 237 plays an important role in the
extended spectrum activity of this enzyme.[11]

Animals get antibiotics & develop resistant in their guts.
Fertilizers or water contaminating with animal faeces can be
used for food crops or meat of that animal which may be not

properly cooked might transfers drug resistance to human
indirectly. Human faecal carriers discharge into sewages. By
these medical & environmental sites get contaminated with
ESBLs. If a patient is prone to infection and get infected by
ESBLs, it can be more difficult to treat, because many of the
commonly used antibiotics will not work against ESBLSs.
Therefore the aim of this study was to evaluate the presence
of ESBL producers in raw vegetables and for that we
collected samples of raw vegetables and sewage.

2. Materials & Methods
2.1 Samples

Samples were collected from different area of Surat, Gujarat,
India. As raw vegetables we have collected 45 samples.
Which is of lettuce, Drumstick, coriander leaves, Fenugreek
leaves, Capsicum, sprouts etc which were commercially
available from market and organic store and 36 samples of
canal, bore well, river, sewage water which used in irrigation
for agricultural purpose.

2.2 Screening of isolates

Water Samples were inoculated onto Drigalski lactose
selective agar plates containing 2mg/L cefotaxime (Drigalski-
CTX), 2mg/L ceftazidime (Drigalski-CAZ) and incubated at
37°c for 24-48h under aerobic conditions. Each vegetable
sample (1gm) was placed in 10ml of sterile distilled water
and mixed by vortex machine & then one loopfull sample
was inoculated onto 2mg/L Drigalski-CTX & Drigalski-CAZ
medium separately following the incubation of 24-48h at
37°c under aerobic conditions. All samples were processed
within 5 hours of collection.[12]

2.3 Phenotypic confirmation

Confirmation of presence of ESBL producers were carried
out by Kirby- bauer disk diffusion method according to
CLSI guidelines [13]. They were identified by combination
between cefotaxime (CTX) and cefotaxime/clavulanic acid
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(CEC) and similarly with Ceftazidime (CAZ) and
ceftazidime/clavulanic acid (CAC) discs. The concentration
was 30pg of Cefotaxime & Ceftazidime & 10ug of
clavulanic acid according to CLSI guidelines. The procedure
was followed by inoculating antibiotic resistant isolate from
Drigalski medium (turbidity according to 0.5 McFarland)
through spreading swab on Mueller-Hinton agar, placing
commercially available antibiotic disks with proper distance
to each other & incubation of 24- 48h at 37°c under aerobic
conditions.

2.4 Bacterial species identification

ESBL  producers identified from  morphological
characteristics of colony, Gram staining reaction, Motility,
various biochemical test with reference of Bergey‘s Manual
of Systematic Bacteriology 2005

3. Result

Out of 81 samples collected - 45 of raw vegetables and 36 of
water samples, there were growth of gram negative rods as
the medium used was selective for isolation of Gram negative
bacteria. Except 9.87% of the total sample- 90.12% all
showed growth of Antibiotic resistant gram negatives.
Percentage ratio of isolates which shows resistance towards
ceftazidime, Cefotaxime or towards both is shown in
figurel.
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Figure 1: Percentage isolates from different samples that
shows resistance against 3" generation cephalosporins
(cefotaxime(CTX), ceftazidime(CAZ))

13.23% of the 3" generation cephalosporin resistant isolates
from raw vegetables were possessing ESBL producers.
Which results in 20.68% prevalence of ESBL in raw
vegetables. ESBL producers were confirmed by Kirby-bauer
disk diffusion method according to CLSI guidelines shown in
figure 2.

Figure 2: Figure 2A Shows difference of zone size between
3" generation cephalosporin and its inhibitor (CTX/CEC,
CAZ/CAC) which confirms ESBL producer as ESBL
producer can’t resist the antibiotic in presence of inhibitor.
Figure 2B shows no difference of zone size which confirms
non ESBL producer according to CLSI and EUCAST
guidelines.

From total sewage water samples 56 gram negative 3"
generation cephalosporin resistants were isolated, of which
37.5% were ESBL producers and resulted in 77.77%
prevalence of ESBL producers in Sewage. The prevalence of
ESBL producers is higher in Sewage compare to water and
raw vegetables as shown in figure 3.

ESBL prevalence

B Water
B Sewage Water

u Vegetables

Figure 3: Prevalence of ESBL producers in different
samples collected from different area of Surat during study
period.

By performing various biochemical tests according to
Bergey‘s Manual of Systematic Bacteriology 2005 it was
found that among total isolates 21.66% ESBL producers
were from Escherichia genus, 31.66% from Serratia genus
and others were from Salmonella, Enterobacter,
Providencia, Citrobacter, Leminorella, Yersinia, Kluyvera
and Cedecea genus as shown in figure 4.
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Figure 4: Percentages of Bacterial species isolated from raw vegetable and water samples which were resistant towards 3™
generation cephalosporins- Cefotaxime (CTX), Ceftazidime(CAZ) and also extended spectrum beta-lactamase(ESBL)
producers.

4. Discussion

There are studies that indicate vegetables as a possible route
for spreading of resistance genes throughout community.
[14,15,16,17] Since last 70 years level of antibiotic genes in
soil is increasing [18]. Aquatic system and sewage are also
reservoirs of antibiotic resistance genes due to antibiotic use
and waste disposal [14,19,20]. Fresh produce can also
become contaminated during processing. [15]. Because of
the use of manure only , no pesticides and a different
processing of different microorganisms , contaminants found
on organic produce compared to conventionally grown
vegetable [21]. We found that many enterobacterial spp.
Other than Escherichia coli are responsible for antibiotic
resistance. Studies suggest that these enterobacterial spp may
act as a reservoir of mobile drug resistance genes and
transfer them to non-pathogenic Escherichia coli present in
gut [22,23]. In a study of ESBL producing
Enterobacteriaceae in different environments, 0.4% foods
found to harbor ESBL producing Escherichia coli and
Klebsiella pneumonia. [14]. In 2014 Reuland EA reported
about 6% prevalence of ESBL producing Enterobacteriaceae
in raw vegetables in Amsterdam [24]. Prevalence of ESBL
producing Enterobacteriaceae in vegetables imported from
Dominican Republic, India, Thailand, and Vietnam was
25.4% [25].

5. Conclusion

From the present study it can be concluded that prevalence
of ESBL producing Enterobacteriaceae in raw vegetables is
increasing and raw vegetables can be a route of emergence
of extended spectrum beta-lactamase in community and
environment. Elimination of excess use of antibiotics in
agriculture, discovery of effective antibiotics for resistant
bacteria, monitoring the prevalence of ESBL producers in

environment are certain practices which may decrease the
threat of ESBL in raw vegetables.

References

[1] Bradford P Extended spectrum beta lactamase in the 21
century: characterization, epidemiology, and detection
of this important resistant threat. Clinical Microbiol
Rev, vol. 14, issue 4 pp. 933-951, 2001.

[2] Nordmann P. Guibert M. Extended spectrum beta-
lectamases in Pseudomonas aeruginos. Journal of
antimicrobial chemotherapy A. vol. 42, n° 2, pp. 128-
131, 1998.

[3] Chadwick DJ, Goode J, organizers. Antibiotic
resistance: origins, evolution, selection and spread. Ciba
foundation symposium 207. New york : John Wiley and
sons, chap-1-3,5,8,9 book, 1997.

[4] US office of Technology Assessment. In: Impacts of
antibiotic Resistance bacteria. Washington (DC): US
Government Printing Office, chap-1, 2, 7 book, 1995.

[5] Levy SB. The antibiotic paradox. How miracle drugs are
destroying the miracle. New York: Plenum Press ; 1992.

[6] Khachatourians GG. Agricultural use of antibiotics and
the evolution and transfer of antibiotic-resistant bacteria.
Cmaj. 159(9):1129-36, 1998.

[7] Bush K, Jacoby GA. Updated fuvtional classification of
beta lactamses. Antimicrobial agents and Chemotherapy
Vol.54 pp 969-976, 2010.

[8] Poirel L. Bonnin R, Nordmann P. Genetic support and
diversity of acquired extended spectrum beta-lactamases
in Gram negative rods. Infection, Genetics and
Evolution VVol.12 pp. 883-893, 2012.

[91 Medeiros, A.A. Beta-lactamases Br.Med.Bull Vol40
ppl8-27, 1984.

[10] Tzouvelekis, L.S., and R.A.Bonomo. SHV-type beta-
lactamases. Current Pharmaceutical design vol 5 pp
847-864, 1999.

Volume 8 Issue 4, April 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20196929

10.21275/ART20196929 913


http://www.refdoc.fr/Recherchevolnum?issn=0305-7453&anneeSerie=1998

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

[11] Tzouvelekis L.S., E. Tzelepi, P.T. Tassios and
N.J.Legakis. CTX-M type beta-lactamases:an emerging
group of extended spectrum enzymes. International
journal of Antimicrobial agents. Vol 14 pp 137-143,
2000.

[12] Ouattara MB, Guessennd KN, Koffi-nevry F, Koffi S,
Ouattara GD, Ghonon V, et al. Evaluation of Drigalski
agar supplemented with ceftazidime (2 mg/L) for
selective isolation of extended-spectrum beta-lactamase
(ESBL) producing Enterobacteria. African J Microbiol
Res [Internet];8(29):2758-65, 2014.

[13] Cockerill, Franklin; Wikler, Matthew; Hardy D et. a.
Performance Standards for Antimicrobial Susceptibility
Testing; Twenty-Second Informational Supplement
(2012) [Internet]. Clinical and Laboratory Standards
Institute. 1-35 p, 2013.

[14]Mesa RJ, Blanc V, Blanch AR, Cortés P, Gonzalez JJ,
Lavilla S, Mird6 E, Muniesa M, Saco M, Tértola MT,
Mirelis B, Coll P, Llagostera M, Prats G, Navarro F.
Extended-spectrum  beta  lactamase  producing
Enterobacteriaceae in different environments (humans,

food, animal farms and sewage). J Antimicrob
Chemother 58:211-215, 2006.
[15] Schwaiger K, Helmke K, Hoélzel CS, Bauer J.

Antibiotic resistance in bacteria isolated from vegetables
with regards to the marketing stage (farm vs.
supermarket). Int J Food Microbiol 148:191-196, 2011.

[16] Ruimy R, Brisabois A, Bernede C, Skurnik D, Barnat S,
Arlet G, Momcilovic S, Elbaz S,Moury F, VibetMA,
Courvalin P, Guillemot D, Andremont A Organic and
conventional fruits and vegetables contain equivalent
counts of Gram-negative bacteria expressing resistance
to antibacterial agents. Environ Microbiol 12(3):608-
615, 2010.

[17] Hassan SA, Altalhi AD, Gherbawy YA, El-Deeb BA
Bacterial load of fresh vegetables and their resistance to
the currently used antibiotics in Saudi Arabia.
Foodborne Pathog Dis 8(9):1011-1018, 2011.

[18] Knapp CW, Dolfing J, Ehlert PA, Graham DW
Evidence of increasing antibiotic resistance gene
abundances in archived soils since 1940. Environ Sci
Technol 44(2):580-587, 2010.

[19] Davies J, Davies D. Origins and evolution of antibiotic
resistance. Microbiol Mol Biol Rev 74(3):417-433,
2010.

[20] Blaak H, Schets FM, Italiaander R, Schmitt H, de Roda
Husman AM (2010) Antibiotic resistant bacteria in
surface water in an area with a high density of animal
farms in the Netherlands. RIVM report 703719031

[21] Hoogenboom LA, Bokhorst JG, Northolt MD, van de
Vijver LP, Broex NJ, Mevius DJ, Meijs JA, Van der
Roest J. Contaminants and microorganisms in Dutch
organic food products: a comparison with conventional
products. Food Addit Contam Part A Chem Anal
Control Expo Risk Assess 25(10):1195-1207, 2008.

[22] Cantdon R, Coque TM. The CTX-M beta-lactamase
pandemic. Curr Opin Microbiol 9(5):466-475, 2006.

[23] Raphael E, Wong LK, Riley LW. Extended-spectrum
betalactamase gene sequences in gram-negative
saprophytes on retail organic and nonorganic spinach.

Appl Environ Microbiol 77(5): 1601-1607, 2011.

[24] E. A. Reuland & N. al Naiemi & S. A. Raadsen & P. H.
M. Savelkoul & J. A. J. W. Kluytmans & C. M. J. E.
Vandenbroucke-Grauls Prevalence of ESBL-producing
Enterobacteriaceae in raw vegetables. Eur J Clin
Microbiol Infect Dis 33:1843-1846, 2014.

[25] Zurfluh K, Nuesch-Inderbinen M, Morach M, Zihler
Berner A, Héchler H,Stephan R. Extended-spectrum
beta lactamas producing Enterobacteriaceae isolated
from vegetables imported from the Dominican Republic,
India, Thailand, and Vietnam. Appl Environ Microbiol
81:3115-3120, 2015.

Author Profile

Dr. Pratibha B. Desai was the Director of Shree Ram
Krishna Institute of Computer Education And Applied
Sciences, Veer Narmad South Gujarat University,
Surat, Gujarat, India. She was also one of the members
of Departmental Research studies committee for
Bioscience Department of Veer Narmad South Gujarat University,
Surat, Gujarat.

W Sonali A. Sheth is pursuing her M. Phil under
guidance of Dr. Pratibha B. Desai at Shree Ram
Krishna Institute of Computer Education And Applied
Sciences, Veer Narmad South Gujarat University,
Surat, Gujarat, India.

Volume 8 Issue 4, April 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20196929

10.21275/ART20196929 914





