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Emerging of newer groups of antibiotic resistant bacteria is widely
reported as a result of the persistent use of antibiotic either for
therapeutic or prophylactic purposes. Extended-Spectrum Beta
Lactamase (ESBL) is an enzyme produced by gram-negative bacteria
which developed resistance to beta lactam antibiotics ranging from
penicillin to third and fourth generation cephalosporin; however its
activity is inhibited by clavulanic acid. Due to less therapeutic options,
human infections caused by ESBL-producing organisms are associated
with treatment failure, increased morbidity, increase in length of
hospital stay and therapeutic cost, and mortality. Three objectives in
the study were first, to determine the occurrence of Extended Spectrum
Beta-Lactamase producing E. coli (ESBL-producing E. colijj in dairy
cattle, farm environment and milk; secondly to determine the risk
factors associated with the occurrence, and thirdly to determine the
antibiotic resistance patterns of the ESBL-producing E. coli. Samples
collected comprised fecal samples (n=229), farm environment (n=77)
including stall floors, feed and water trough, house flies (Musca
domestica), feed, drinking water and source of drinking water; and milk
(n=71) from 10 dairy farms located within Selangor and Negeri
Sembilan. Phenotypic detection of ESBL-producing E. coli was carried
out. The overall occurrence of ESBL-producing E. coli was 4.8%. There
was a significant difference in the occurrence of ESBL-producing E. coli
(p=0.00) in all three sample groups. The highest occurrence of ESBL-
producing E. coli was in milk (66.7%) followed by farm environment
(27.8%) and cattle (5.5%). Molecular detection of four ESBL genes
namely TEM, SHV, CTX-M and OXA was done using multiplex



Polymerase Chain Reaction (m-PCR) method. The CTX-M gene was
predominantly detected in 12 out of 18 isolates (66.7%).

The risk factors associated with the occurrence of ESBL-producing E.
coli in dairy cattle, farm environment and milk were investigated
through questionnaires seeking information related to farm
management and husbandry practices, records on animal health
including antibiotic usage by the farm owners. Two factors found to be
statistically significant (p<0.05) were “presence of other animal in the
farm compound” (x2 = 5.173, p=0.023) and “previous history of disease
outbreak” (2 = 3.869, p=0.049). Beef cattle, goats, poultry species
including native chickens, duck and geese as well as companion
animals such as cats and dogs have been reported to be possible
sources of ESBL-producing E. coli in the farms.

Antibiotic susceptibility test was conducted using disk diffusion
method against 12 antibiotics belonging to six classes which included
beta-lactams, chloramphenicol, macrolides, aminoglycoside, quinolones
and sulfonamides. Sixteen (88.9%) of 18 ESBL-producing E. coli
isolates showed resistance to all six beta-lactam antibiotics, with only
one isolate (5.6%) from the drinking water was found to be resistant to
all 12 antibiotics. All isolates (100%) were found to be resistant against
cefotaxime, ceftriaxone and aztreonam. ESBL-producing E. coli showed
highest susceptibility to trimethoprim-sulphamethoxazole (88.9%)
followed by gentamicin and ciprofloxacin (83.3% each). Ten isolates
(55.6%) were found to be multi-drug resistant, that is, resistant to three
or more antibiotic classes. It is crucial to determine the resistance
patterns of ESBL-producing E. coli isolates for the purpose of antibiotic
selection for treatment options.

In conclusion, the occurrence of ESBL-producing E. coli in dairy cattle,
farm environment and milk is of public health significance, although it
was low. The presence of antibiotic-resistant bacteria may possibly be
due to imprudent use of antibiotic, or acquire from the environment.
Such imprudent use of antibiotics in animal production may contribute
to the persistence of zoonotic resistant organisms in food producing
animals as well as in the environments and food products, hence pose
serious risks to human health.
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Kemunculan kumpulan baru bakteria rintang antibiotik dilaporkan
hasil daripada penggunaan antibiotik yang berterusan samada untuk
kegunaan terapi atau profilaksis. Extended-Spectrum Beta Lactamase
(ESBL) adalah sejenis enzim yang dihasilkan oleh bakteria gram-negatif
yang membentuk kerintangan terhadap antibiotik beta-laktam terdiri
daripada  penicillin = sehingga generasi ketiga dan keempat
cephalosporin; walau bagaimanapun aktivitinya direncat oleh asid
clavulanik. Berikutan kurangnya pilihan antibiotik untuk terapi,
jangkitan oleh organisma yang menghasilkan ESBL pada manusia
dikaitkan dengan kegagalan rawatan, peningkatan morbiditi,
peningkatan tempoh rawatan di hospital dan kos rawatan, dan
kematian. Tiga objektif kajian ini adalah pertama, menentukan
kehadiran Extended Spectrum Beta-Lactamase E. coli (ESBL E. coli
pada lembu tenusu, persekitaran ladang dan susu; kedua,
menentukan faktor risiko yang dikaitkan dengan kehadiran ESBL E.
coli, dan ketiga, menentukan corak kerintangan antibiotik ESBL E. coli.
Sampel terdiri daripada sampel tinja (n=229), persekitaran ladang
(n=77) yang termasuk lantai kandang, palung makanan dan air, lalat
rumah (Musca domestica), makanan haiwan, air minuman dan punca
air minuman; dan susu (n=71) yang dikumpul daripada 10 ladang
tenusu yang terletak di sekitar Selangor dan Negeri Sembilan.
Pengesanan fenotip ESBL E. coli telah dilaksanakan. Secara
keseluruhan kehadiran ESBL E. coli ialah 4.8%. Terdapat perbezaan
yang signifikan ke atas kehadiran ESBL E. coli (p=0.00) dalam tiga
kumpulan sampel. Kehadiran tertinggi ESBL E. coli adalah dalam
susu (66.7%) diikuti oleh persekitaran ladang (27.8%) dan lembu
(5.5%). Pengesanan molekul ke atas empat gen ESBL iaitu TEM, SHV,
CTX-M dan OXA telah dilakukan dengan menggunakan kaedah PCR
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multipleks (m-PCR). Gen CTX-M adalah yang paling kerap dikesan
dalam 12 daripada 18 (66.7%) isolat.

Faktor risiko dikaitkan dengan kehadiran ESBL E. coli pada lembu
tenusu, persekitaran ladang dan susu telah disiasat melalui soal
selidik bagi mendapatkan maklumat berkaitan pengurusan ladang dan
amalan penternakan, rekod kesihatan ternakan termasuk penggunaan
antibiotik oleh pemilik ladang. Dua faktor didapati signifikan secara
statistik (p<0.05) adalah “kehadiran haiwan lain dalam kawasan
ladang” (x2 = 5.173, p=0.023) dan “sejarah terdahulu wabak penyakit”
(x2 = 3.869, p=0.049). Lembu daging, kambing, spesis unggas termasuk
ayam kampung, itik dan angsa dan juga haiwan kesayangan seperti
kucing dan anjing telah dilaporkan boleh menjadi sumber ESBL E. coli
dalam ladang.

Ujian kerintangan antibiotik telah dijalankan menggunakan kaedah
disk diffusion terhadap 12 antibiotik daripada enam kelas antibiotik
termasuk beta-lactams, chloramphenicol, macrolides, aminoglycoside,
quinolones dan sulfonamides. Antibiotik iaitu ceftazidime (30 pg),
cefotaxime (30 nug), cefpodoxime (10 ug), ceftriaxone (10 ug), ampicillin
(10 ng), aztreonam (30 pg), chloramphenicol (30 ug), tetracycline (30 ug),
gentamicin (10 pg), nalidixic acids (30 ug), ciprofloxacin (S5 ug) dan
trimethoprim-sulphamethoxazole (25 pg) telah digunakan. Enambelas
daripada 18 (88.9%) isolat ESBL E. coli menunjukkan kerintangan
kepada kesemua enam antibiotik beta-laktam, dengan satu isolat
(5.6%) daripada air minuman didapati rintang kepada kesemua 12
antibiotik. Kesemua isolat (100%) didapati rintang terhadap cefotaxime,
ceftriaxone dan aztreonam. ESBL E. coli menunjukkan kerintangan
tertinggi pada trimethoprim-sulphamethoxazole (88.9%) diikuti oleh
gentamicin dan ciprofloxacin (83.3% setiap satu). Sepuluh isolat (55.6%)
didapati rintang multi-drug, iaitu, rintang terhadap tiga atau lebih
kelas antibiotik.

Kesimpulannya, kehadiran ESBL E. coli pada lembu tenusu,
persekitaran ladang dan susu mempunyai kepentingan kesihatan
awam, walaupun ianya rendah. Kehadiran bakteria rintang antibiotik
berkemungkinan berikutan penggunaan antibiotik yang tidak
berhemah, menyebabkan peningkatan insiden kerintangan antibiotik.
Penggunaan antibiotik yang tidak berhemah ini boleh menyumbang
kepada organisma zoonotik yang rintang yang hadir secara berterusan
pada haiwan ternakan dan juga pada persekitaran dan produk haiwan
dan oleh itu menimbulkan risiko yang serius terhadap kesihatan
manusia.
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CHAPTER ONE
INTRODUCTION

The use of antibiotic in animal production plays a significant role in
growth promotion, disease prevention as well as for therapeutic
purposes in food animal. It is part of a necessity in food animal practice
as the use of this wonder drug has been proven to save animal lives,
which is related to animal welfare. However, prolong and inappropriate
widespread use of antibiotic compounds has posed the risk for
emergence and dissemination of resistant microorganisms. Antibiotic
resistant bacteria causing diseases in human and animal has long
becoming public and animal health issues of major concern globally.
The emergence, selection and dissemination of antibiotic-resistant
microorganisms have been associated with antibiotic usage in both
veterinary and human medicine (Hawkey, 2008; Marshall & Levy,
2011).

Escherichia coli (E. coli, Campylobacter and Salmonella have emerged
as antibiotic resistant bacteria that colonized farm animals and can be
transmitted to human in food, handling of animals or through the
environment (http://www.ciwf.org.uk/media/3758863/Antibiotics-in-
Animal-Farming-Public-Health-and-Animal-Welfare.pdf. @The World
Organization for Animal Health (OIE) has emphasized the importance of
surveillance on antimicrobial resistance and to support one of the
objectives in Fifth Strategic Plan: 2011-2015 which is to ensure the
scientific excellence of information and advice available to the
veterinary field (www.oie.int).

Extended Spectrum Beta-Lactamase (ESBL) is an enzyme capable of
conferring bacterial resistance to B-lactam drugs such as penicillins, 1st
to 3rd generation of cephalosporins such as cefotaxime, ceftriaxone and
aztreonam (except cephamycin or carbapenems); however its activity is
inhibited by clavulanic acid (Paterson & Bonomo, 2005). Bush & Fisher
(2011) in their review defined ESBL as an enzyme that hydrolyzes
oxyimino-cephalosporins and monobactams in addition to penicillins
and early cephalosporins, and its activity is inhibited by clavulanic acid
or tazobactam.

The gene of ESBL is located on a plasmid (a mobile genetic element)
(Carattoli, 2009), which made it easily transmitted horizontally within
and between bacterial species (Carattoli, 2011). Also, it has been
reported that these resistance genes are disseminated throughout the
food chain or via direct contact in human and animals (Oppegaard,
2001). A study by Leverstein-van Hall et al., (2011) indicated the ESBL
gene similarity between a patient, food animal and its based products.
Human infected with ESBL-producing E. coli is often associated with
limited choice of antibiotic treatment and delayed therapy which leads
to prolonged hospital stay and eventually death.


http://www.ciwf.org.uk/media/3758863/Antibiotics-in-Animal-Farming-Public-Health-and-Animal-Welfare.pdf
http://www.ciwf.org.uk/media/3758863/Antibiotics-in-Animal-Farming-Public-Health-and-Animal-Welfare.pdf

In comparison to other commodities such as poultry and pig, dairy
production is rather a small industry in Malaysia. In year 2011, the
total local milk production was 70 million litres with 13% self-sufficient
level (www.dvs.gov.my). Currently there is a small number of
commercial scale dairy farming consisting of more than 50 lactating
cows per farm. The majority of the farmers are practicing at medium
scale (30-49) and small scale (less than 29) farm. Dairy farming
industry in Peninsular Malaysia is regarded as family farming, and
nearly half of the farmers inherited the farm from their fore fathers.

The last decade saw drug resistance in Enterobacteriaceace has risen
dramatically around the globe. ESBL, known as plasmid mediated
enzymes were reported to confer resistance not only to beta-lactams
antibiotics  including penicillins, first to fourth generation
cephalosporins and monobactams, but also to other classes of
antibiotics namely fluoroquinolones and aminoglycosides (Gundogan &
Avci, 2013), resulting in limited therapeutic options.

Despite various reported studies of ESBL-producing E. coli occurrence
in food animals, there were limited studies on risk factors associated
with the ESBL-producing E. coli occurrence. The use of cephalosporins
was reported as important risk factor for the spread of the resistance
genes, in addition to generic antimicrobial use (Liebana et al., 2013).
Farm hygiene management was also reported to be another factor
associated with the occurrence of ESBL-producing E. coli on dairy
farms in United Kingdom (Snow et al., 2012).

ESBL genes are located on plasmids, therefore it can be transferred
between and within bacterial species easily (Overdevest et al., 2011).
These genes were homologous in bacteria from humans, food and food
animals, and the risk factors for their occurrence in food animals were
complicated.

Several studies on ESBL-producing E. coli both in human and livestock
have been reported extensively by developed regions in the world
mainly from the European and American regions; and Asian region
including Japan, China and Hong Kong. However, data on the
prevalence of ESBL E. coli in food animals particularly in the South
East Asia is scarce. In Malaysia, there were few studies and mainly in
humans which reported the occurrence in different patient categories
including adult patients with respiratory problems and paediatrics and
in urban surface water. To date, there is limited information available
on the ESBL occurrence in food producing animal in the country,
particularly in dairy cattle. It is believed that this is the first study on
ESBL-producing E. coli in dairy cattle to be reported.

It is hypothesized that the occurrence of ESBL-producing E. coli in
dairy cattle, farm environment and milk is low due to less use of
antibiotics in dairy production.



Therefore, the objectives of this study were:

1. To determine the occurrence of ESBL-producing E. coli in dairy
cattle;

2. To study the risk factors associated with the ESBL-producing E.
coli occurrence; and

3. To determine the antibiotic resistance patterns of the isolates.



REFERENCES

Abraham, E. P., and Chain, E. (1940). An enzyme from bacteria able to
destroy penicillin. Reviews of Infectious Diseases. 3713: 837.

Acar, J. F., Moulin, G., Page, S. W., and Pastoret, P. P. (2012).
Antimicrobial resistance in animal and public health: introduction
and classification of antimicrobial agents. Revue Scientifique et
Technique (International Office of Epizootics), 31(1), 15-21.

Arslan, S., and Eyi, A. (2011). Antimicrobial Resistance and ESBL
Prevalence in Escherichia Coli From Retail Meats. Journal of Food
Safety 31(2), 262-267.

Arslan, S., and Ozdemir, F. (2008). Extended Spectrum Beta-
Lactamases in Escherichia coli strains isolated from homemade
white cheeses: prevalence and antibiotic susceptibility. World
Journal of Microbiology and Biotechnology 24(10), 2361-2364.

Bonafede, M., and Rice, L. B. (1997). Emerging antibiotic resistance.
Journal of Laboratory and Clinical Medicine 130: 558-566.

Bonnet, R. (2004). Growing Group of Extended-Spectrum f -
Lactamases: the CTX-M Enzymes. Antimicrobial Agents
Chemotheraphy 48(1): 1-14

Bortolaia, V., Larsen, J., Damborg, P., and Guardabassi, L. (2011).
Potential pathogenicity and host range of Extended-Spectrum
Beta-Lactamase-Producing Escherichia coli isolates from healthy
poultry. Applied and Environmental Microbiology, 77(16), 5830-
5833.

Bradford, P. A. (2001). Extended-Spectrum [ -Lactamases in the 21st
Century: Characterization, Epidemiology, and Detection of This
Important Resistance Threat. Clinical Microbiology Reviews, 14 (4):
933-951.

Branger, C., Zamfir, O., Geoffroy, S., Laurans, G., Arlet, G., Thien, H.
V., Gouriou, S., Picard, B., and Denamur, E. (2005). Genetic
Background of Escherichia coli and Extended-spectrum f -
Lactamase Type. Emerging Infectious Diseases, 11(1): 54-61.

Bush, K., and Fisher, J. F. (2011). Epidemiological Expansion,
Structural Studies, and Clinical Challenges of New [-lactamases
from Gram-Negative Bacteria. Annual Review of Microbiology, 65,
455-78.

61



Bush, K., and Jacoby, G. A. (2010). Updated functional classification of
beta-lactamases. Antimicrobial Agents and Chemotherapy, 54(3):
969-76.

Bush, K., Jacoby, G. A, Amicosante, G., Bonomo, R. A., Bradford, P.,
Cornaglia, G., Garau, J., Giamarelleu, H., Jarlier, V., Martinez,
L.M., Miriagou, V., Palzkill, T., Pascual, A., Bano, J.R., Rossolini,
G. M., Sougakoff, W., and Vatopoulos, A. (2009). Comments on:
Redefining Extended-Spectrum Beta-Lactamases: balancing
science and clinical need. The Journal of Antimicrobial
Chemotherapy, 64(1), 212-213

Bush, K., Jacoby, G. A., and Medeiros, A. A. (1995). A Functional
Classification Scheme for Beta-Lactamases and Its Correlation

with Molecular Structure. Antimicrobial ~ Agents and
Chemotheraphy 39(6): 1211-1233.

Carattoli, A., Lovari, S., Franco, A., Matteo, P. Di, Battisti, A., and
Cordaro, G. (2005). Extended-Spectrum (-Lactamases in
Escherichia coli Isolated from Dogs and Cats in Rome, Italy, from

2001 to 2003. Antimicrobial Agents and Chemotheraphy. 49(2);
833-855.

Carattoli, A. (2008). Animal reservoirs for extended spectrum beta-
lactamase producers. Clinical Microbiology and Infection 14 (1):
117-123.

Carattoli, A. (2009). Resistance plasmid families in Enterobacteriaceae.
Antimicrobial Agents and Chemotherapy, 53(6): 2227-2238.

Carattoli, A. (2011). Plasmids in Gram negatives: molecular typing of
resistance  plasmids. International  Journal of  Medical
Microbiology 301(8): 654-658.

Carattoli, A., Bertini, A., Villa, L., Falbo, V., Hopkins, K. L., and
Threlfall, E. J. (2005). Identification of plasmids by PCR-based
replicon typing. Journal of Microbiological Methods, 63(3), 219-228.

CLSI (2010) Performance Standards for Antimicrobial Susceptibility
Testing. Twentieth Informational Supplement M100-S20. Wayne,
PA: Clinical and Laboratory Standards Institute, Vol. 30, No. 1.

CLSI (2013) Performance Standards for Antimicrobial Disk and Dilution
Susceptibility Tests fro Bacteria Isolated from Animals; Approved
Standard-Fourth Edition Vet 01-A4.

62



Cohen Stuart, J., Dierikx, C., Al Naiemi, N., Karczmarek, A, Van Hoek,
A H. A M., Vos, P., Fluit, A. C., Scharringa, J., Duim, B., Mevius,
D., and Leverstein-Van Hall, M. A. (2010). Rapid detection of TEM,
SHV and CTX-M extended-spectrum beta-lactamases in
Enterobacteriaceae using ligation-mediated amplification with
microarray analysis. The Journal of Antimicrobial Chemotherapy,
65(7): 1377-1381.

Croxen, M. A. and Finlay, B. B. (2010). Molecular mechanisms of
Escherichia coli pathogenicity. Nature Reviews. Microbiology, 8(1):
26-38.

Davies, J., and Davies, D. (2010). Origins and evolution of antibiotic
resistance. Microbiology and Molecular Biology Reviews 74(3), 417-
433.

Department of Health and Human Service, CDC, FDA and USDA.
National Antimicrobial Resistance Monitoring System 2010
Executive Report. USA. 2010

Dhillon, R. H.-P., and Clark, J. (2012). ESBLs: A Clear and Present
Danger? Critical Care Research and Practice, 2012: 1-11

Ewers, C., Bethe, A, Semmler, T., Guenther, S., and Wieler, L. H.
(2012). Extended-spectrum p-lactamase-producing and AmpC-
producing Escherichia coli from livestock and companion animals,
and their putative impact on public health: a global perspective.
Clinical Microbiology and Infection,18(7): 646-655.

Ewers, C., Grobbel, M., Stamm, I., Kopp, P. A, Diehl, I., Semmler, T.,
Fruth, A., Beutlich, J., Guerra, B., Wieler, L. H., and Guenther, S.
(2010). Emergence of human pandemic O25:H4-ST131 CTX-M-15
extended-spectrum-beta-lactamase-producing  Escherichia coli
among companion animals. Journal  of  Antimicrobial
Chemotherapy, 65(4), 651-60.

Fluit, A. C., Visser, M. R., and Schmitz, F. (2001). Molecular Detection
of Antimicrobial Resistance. Clinical Microbiology Reviews 14(4):
837-862.

Garrec, H., Drieux-Rouzet, L., Golmard, J.-L., Jarlier, V., and Robert, J.
(2011). Comparison of nine phenotypic methods for detection of

extended-spectrum beta-lactamase production by
Enterobacteriaceae. Journal of Clinical Microbiology, 49(3): 1048
1057.

Gene, I., Poirel, L., Girlich, D., Naas, T., and Nordmann, P. (2001).
OXA-28, an Extended-Spectrum Variant of OXA-10 p-Lactamase

63



from Pseudomonas aeruginosa and Its Plasmid-and Integron-
Located Gene, 45(2): 447-453.

Geser, N., Stephan, R., and Héachler, H. (2012). Occurrence and
characteristics of extended-spectrum [-lactamase (ESBL)
producing Enterobacteriaceae in food producing animals, minced
meat and raw milk. BMC Veterinary Research, 8(21): 1-9.

Giske, C. G., Sundsfjord, A. S., Kahlmeter, G., Woodford, N.,
Nordmann, P., Paterson, D. L., Canton, R., and Walsh, T. R.
(2009). Redefining extended-spectrum beta-lactamases: balancing
science and clinical need. The Journal of Antimicrobial
Chemotherapy, 63(1): 1-4.

Gniadkowski, M. (2001). Evolution and epidemiology of extended-
spectrum  beta-lactamases (ESBLs) and ESBL-producing
microorganisms. Clinical Microbiology and Infection, 7(11): 597-
608.

Guenther, S., Ewers, C., and Wieler, L. H. (2011). Extended-Spectrum
Beta-Lactamases Producing E. coli in Wildlife, yet Another Form of
Environmental Pollution? Frontiers in Microbiology, 2(246), 1-13.

Guenther, S., Wuttke, J., Bethe, A., Vojtech, J., Schaufler, K.,
Semmler, T., Ulrich, R, G., Wieler, L, H., and Ewers, C. (2013). Is
fecal carriage of extended-spectrum-p-lactamase-producing
Escherichia coli in wurban rats a risk for public health?
Antimicrobial Agents and Chemotherapy, 57(5): 2424-2425.

Gundogan, N., and Avci, E. (2013). Prevalence and antibiotic resistance
of extended- spectrum beta-lactamase ( ESBL ) producing
Escherichia coli and Klebsiella species isolated from foods of
animal origin in Turkey, 7(31): 4059-4064.

Gyles, C. L., and Fairbrother, J. M. (2004). Escherichia coli, pp. 267-
308. USA: Blackwell Publishing.

Hacker, J., Wieler, L. H., Ewers, C., Guenther, S., Walther, B., and
Labke-Becker, A. (2011). Methicillin-resistant staphylococci (MRS)
and extended-spectrum  beta-lactamases (ESBL)-producing
Enterobacteriaceae in companion animals: Nosocomial infections
as one reason for the rising prevalence of these potential zoonotic
pathogens in clinical sample. International Journal of Medical
Microbiology, 301(8): 635-641.

Haenni, M., Saras, E., Métayer, V., Doublet, B., Cloeckaert, A., and
Madec, J.-Y. (2012). Spread of the blaTEM-52 gene is mainly

ensured by Incll1/ST36 plasmids in Escherichia coli isolated from

64



cattle in France. The Journal of Antimicrobial Chemotherapy,
067(11): 2774-2776.

Hammerum, A. M., and Heuer, O. E. (2009). Human health hazards
from antimicrobial-resistant Escherichia coli of animal origin.
Clinical Infectious Diseases, 48(7): 916-921.

Hansen, K. H., Damborg, P., Andreasen, M., Nielsen, S. S., and
Guardabassi, L. (2013). Carriage and fecal counts of cefotaxime M-
producing Escherichia coli in pigs: a longitudinal study. Applied
and Environmental Microbiology, 79(3): 794-798.

Hartmann, A., Locatelli, A., Amoureux, L., Depret, G., Jolivet, C.,
Gueneau, E., and Neuwirth, C. (2012). Occurrence of CTX-M
Producing Escherichia coli in Soils, Cattle, and Farm Environment
in France (Burgundy Region). Frontiers in Microbiology, 3(83): 1-7.

Hawkey, P. M. (2008). Prevalence and clonality of extended-spectrum
beta-lactamases in Asia. Clinical Microbiology and Infection, 14 (1):
159-165.

Heritage, J., Gascoyne-binzi, D., and Hawkey, P. M. (1999). Evolution
and spread of SHV extended-spectrum [-lactamases in Gram-
negative bacteria. Journal of Antimicrobial Chemotheraphy, 44:
309-318.

Hernandez, J., Stedt, J., Bonnedahl, J., Molin, Y., Drobni, M., Calisto-
Ulloa, N., Fuentes, C. G., Espana, M. S. A., Acuna, D. G.,
Waldenstrom, J., Blomqvist, M., and Olsen, B. (2012). Human-
associated extended-spectrum (-lactamase in the Antarctic.
Applied and Environmental Microbiology, 78(6), 2056-2058.

Hiroi, M., Yamazaki, F., Harada, T., Takahashi, N., Iida, N., Noda, Y.,
Yagi, M., Nishio, T., Kanda, T., Kawamori, F., Sugiyama, K.,
Masuda, T., Hara-Kudo, Y., and Ohashi, N. (2012). Prevalence of
Extended-Spectrum p-Lactamase-Producing Escherichia coli and
Klebsiella pneumoniae in Food-Producing Animals. Journal of
Veterinary Medical Science, 74(2): 189-195.

Ho, W. S., Balan, G., Puthucheary, S., Kong, B. H., Lim, K. T., Tan, L.
K., Koh, P. X., Yeo, C. C., and Thong, K. L. (2012). Prevalence and
Characterization of Multidrug-Resistant and Extended-Spectrum
Beta-Lactamase-Producing Escherichia coli from Pediatric Wards of
a Malaysian Hospital. Microbial Drug Resistance, 18(4): 408-416.

Hordijk, J., Schoormans, A., Kwakernaak, M., Duim, B., Broens, E.,
Dierikx, C., Mevius, D., and Wagenaar, J. A. (2013). High
prevalence of fecal carriage of extended spectrum f-

65



lactamase/AmpC-producing Enterobacteriaceae in cats and dogs.
Frontiers in Microbiology, 4: 1-5.

Hornish, R. E., and Kotarski, S. F. (2002). Cephalosporins in veterinary

medicine - ceftiofur use in food animals. Current Topics in
Medicinal Chemistry, 2(7): 717-31.

Horton, R. a, Randall, L. P., Snary, E. L., Cockrem, H., Lotz, S,

Wearing, H., Duncan, D., Rabie, A., McLaren, I., Watson, E., La
Ragione, R. M., and Coldham, N. G. (2011). Fecal carriage and
shedding density of CTX-M extended-spectrum beta-lactamase-
producing Escherichia coli in cattle, chickens, and pigs:
Implications for environmental contamination and food
production. Applied and Environmental Microbiology, 77(11): 3715-
3719.

Hu, Y.-Y., Cai, J.-C., Zhou, H.-W., Chi, D., Zhang, X.-F., Chen, W.-L.,

Zhang, R., and Chen, G.-X. (2013). Molecular typing of CTX-M-
producing Escherichia coli isolates from environmental water,
swine feces, specimens from healthy humans, and human
patients. Applied and Environmental Microbiology, 79(19): 5988-
5996.

Huang, T.-D., Bogaerts, P., Berhin, C., Guisset, A., and Glupczynski, Y.

Hui

(2010). Evaluation of Brilliance ESBL agar, a novel chromogenic
medium for detection of extended-spectrum-beta- lactamase-
producing Enterobacteriaceae. Journal of Clinical Microbiology,
48(6): 2091-2096.

Zhang, C., Lu Liu, Y., and Hua Wang, J. (2010). Detection of
ESBLs and Antimicrobial Seusceptibility of Escherichia coli
isolated in Henan, China. Journal of Animal and Veterinary
Advances. 9(15): 2030-2034.

Hunter, P. A, Dawson, S., French, G. L., Goossens, H., Hawkey, P. M.,

Kuijper, E. J., Nathwani, D., Taylor, D. J., Teale, C. J., Warren, R.
E., Wilcox, M. H., Woodford, N., Wulf, M. W., and Piddock, L. J. V.
(2010). Antimicrobial-resistant pathogens in animals and man:
prescribing, practices and policies. The Journal of Antimicrobial
Chemotherapy, 65(1): 13-17.

Jacoby, G. A. (2006).  -Lactamase Nomenclature. Antimicrobial Agents

and Chemotheraphy, 50(4): 1123-1129.

Jones, M., Sweeney, A., Stoeppler, E., Miller, M., and Gilligan, P.

Comparison of three selective media for the recovery of Extended
Spectrum B-Lactamase (ESBL)-producing Enterobacteriaceae, UNC
Hospital, UNC School of Medicine.

66



Jouini, A., Vinué, L., Slama, K. Ben, Saenz, Y., Klibi, N., Hammami, S.,
Boudabous, A., and Torres, C. (2007). Characterization of CTX-M
and SHV extended-spectrum beta-lactamases and associated
resistance genes in Escherichia coli strains of food samples in
Tunisia. The Journal of Antimicrobial Chemotherapy, 60(5): 1137-
1141.

Juan, C., Mulet, X., Zamorano, L., Alberti, S., Pérez, J. L., and Oliver,
A. (2009). Detection of the novel extended-spectrum beta-
lactamase OXA-161 from a plasmid-located integron in
Pseudomonas aeruginosa clinical isolates from Spain. Antimicrobial
Agents and Chemotherapy, 53(12): 5288-5290.

Khoshbakht, R., Shahed, A., and Aski, H. S. (2014). Characterization
Of Extended-Spectrum B-Lactamase-Producing Escherichia Coli
Strains Isolated From Dairy Products. Journal of Microbiology,
Biotechnology and Food Sciences, 3(4): 333-336.

Knothe, H., Shah, P., Krcmery, V., Antal, M., and Mitsuhashi, S.
(1983). Transferable resistance to cefotaxime, cefoxitin,
cefamandole and cefuroxime in clinical isolates of Klebsiella
pneumoniae and Serratia marcescens. Infection, 11(6): 315-317.

Laupland, K. B., Church, D. L., Vidakovich, J., Mucenski, M., and
Pitout, J. D. D. (2008). Community-onset extended-spectrum beta-
lactamase (ESBL) producing Escherichia colii importance of
international travel. The Journal of Infection, 57(6): 441-448.

Lee, J. H.,, Bae, I. K., and Lee, S. H. (2011). New Definitions of
Extended-Spectrum b-Lactamase Conferring Worldwide Emerging
Antibiotic Resistance. Medicinal Research Review, (1): 216-232.

Leigue, L., Moura, R. A., Aguilar-ramires, P., Pestana, A., and
Lincopan, N. (2013). Current status of extended-spectrum -
lactamase ( ESBL ) -producing Enterobacteriaceae in animals.
Microbial pathogens and and strategies for combating them:
science, technology and education, 1600-1607.

Leverstein-van Hall, M. a, Dierikx, C. M., Cohen Stuart, J., Voets, G.
M., van den Munckhof, M. P., Essen-Zandbergen, A. V., Platteel,
T., Fluit., A. C., Sande-Bruinsma, N. V. D., Scharinga, J., Bonten,
M. J. M., and Mevius, D. J. (2011). Dutch patients, retail chicken
meat and poultry share the same ESBL genes, plasmids and
strains. Clinical Microbiology and Infection. 17(6): 873-880.

Li, S., Qu, Y., Hu, D., and Shi, Y. (2012). Comparison of extended
spectrum [-lactamases-producing Escherichia coli with non-

67



ESBLs-producing E. coli: drug-resistance and virulence, 3(3): 208-
212.

Li, X.-Z., Mehrotra, M., Ghimire, S., and Adewoye, L. (2007). Beta-
Lactam resistance and beta-lactamases in bacteria of animal
origin. Veterinary Microbiology, 121(3-4): 197-214.

Liebana, E., Carattoli, A., Coque, T. M., Hasman, H., Magiorakos, A.-P.,
Mevius, D., Peixe, H., Poirel, L., Regula, G. S., Torneke, K., Edo, J.
T., Torres, C., and Threlfall, J. (2013). Public health risks of
enterobacterial isolates producing extended-spectrum  f-
lactamases or AmpC f-lactamases in food and food-producing
animals: an EU perspective of epidemiology, analytical methods,
risk factors, and control options. Clinical Infectious Disease, 56(7),
1030-1037.

Lim, K.-T., Yasin, R., Yeo, C.-C., Puthucheary, S., and Thong, K.-L.
(2009). Characterization of multidrug resistant ESBL-producing
Escherichia coli isolates from hospitals in Malaysia. Journal of
Biomedicine & Biotechnology, 2009: 1-10.

Livermore, D. M. (1995). Beta-Lactamases in laboratory and clinical
resistance. Clinical Microbiology Reviews, 8(4): 557-584.

Livermore, D. M. (2003). Bacterial resistance: origins, epidemiology,
and impact. Clinical Infectious Diseases, 36(1): S11-S23.

Livermore, D. M. (2008). Defining an extended-spectrum beta-
lactamase. Clinical Microbiology and Infection,14(1): 3-10.

Loh, Li-Cher, Abdul Samad, N. I. H., Mohd Sani, R. M., Raman, S.,
Thayaparan, T., and Kumar, S. (2007). Hospital outcomes of adult
respiratory tract infections with extended-spectrum beta-
lactamase (ESBL)-producing Klebsiella pneumoniae. Malaysian
Journal of Medical Sciences, 14(2): 36-40.

Lu, S.-Y., Zhang, Y.-L., Geng, S.-N., Li, T.-Y., Ye, Z.-M., Zhang, D.-S.,
Zou, F., and Zhou, H.-W. (2010). High diversity of extended-
spectrum beta-lactamase-producing bacteria in an urban river
sediment habitat. Applied and Environmental Microbiology, 76(17):
5972-5976.

Ma, J., Liu, J.-H., Lv, L., Zong, Z., Sun, Y., Zheng, H., Chen, Z. L., and
Zeng, Z.-L. (2012). Characterization of extended-spectrum -
lactamase genes found among Escherichia coli isolates from duck
and environmental samples obtained on a duck farm. Applied and
Environmental Microbiology, 78(10): 3668-3673.

68



Marshall, B. M., and Levy, S. B. (2011). Food animals and
antimicrobials: impacts on human health. Clinical Microbiology
Reviews, 24(4): 718-733.

Matsumoto, Y., Ikeda, F., Kamimura, T., Yokota, Y., and Mine, Y.
(1988). Novel plasmid-mediated beta-lactamase from Escherichia
coli that inactivates oxyimino-cephalosporins. Antimicrobial Agents
and Chemotherapy, 32(8): 1243-1246.

Mesa, R. J., Blanc, V., Blanch, A. R., Cortés, P., Gonzalez, J. J., Lavilla,
S., Miro, E., Muniesa, M., Saco, M., Tortola, M. T., Mirelis, B., Coll,
P., Llagostera, M., Prats, G., and Navarro, F. (2006). Extended-
spectrum  beta-lactamase-producing  Enterobacteriaceae  in
different environments (humans, food, animal farms and sewage).
The Journal of Antimicrobial Chemotherapy, 58(1): 211-215.

Meyer, E., Gastmeier, P., Kola, A., and Schwab, F. (2012). Pet animals
and foreign travel are risk factors for colonisation with extended-
spectrum b-lactamase-producing Escherichia coli. Infection.
40:685-687.

Miro, E., Domi, A., Llagostera, M., Bartolome, R. M., Lavilla, S., Gonza,
J. J., and Valle, C. (2008). Dissemination of extended-spectrum b-
lactamase-producing bacteria: the food-borne outbreak lesson,
(March), 1244-1251.

Munier, G. K., Johnson, C. L., Snyder, J. W., Moland, E. S., Hanson, N.
D., and Thomson, K. S. (2010). Positive extended-spectrum-beta-
lactamase (ESBL) screening results may be due to AmpC beta-
lactamases more often than to ESBLs. Journal of Clinical
Microbiology, 48(2): 673-674.

Oliver, S. P., Jayarao, B. M., and Almeida, R. A. (2005). Foodborne
pathogens in milk and the dairy farm environment: food safety
and public health implications. Foodborne Pathogens and Disease,
2(2): 115-129.

Oppegaard, H. (2001). Horizontal transfer of a multi-drug resistance
plasmid between coliform bacteria of human and bovine origin in a
farm environment. Applied and Environmental Microbiology, 67(8):
3732-3734.

Overdevest, I., Willemsen, I., Rijnsburger, M., Eustace, A., Xu, L.,
Hawkey, P., Heck, M., Savelkoul, P., Grauls, C. V., Van der
Zwaluw, K., Huijsdens, X., and Kluytmans, J. (2011). Extended-
spectrum [-lactamase genes of Escherichia coli in chicken meat

69



and humans, The Netherlands. Emerging Infectious Diseases,
17(7): 1216-1222.

Palasubramaniam, S., Muniandy, S., and Navaratnam, P. (2009).
Resistance to extended-spectrum beta-lactams by the emergence
of SHV-12 and the loss of OmpK35 in Klebsiella pneumoniae and
Escherichia coli in Malaysia. Journal of Microbiology, Immunology,
and Infection, 42(2): 129-33.

Paterson, D. L., and Bonomo, R. A. (2005). Extended-Spectrum Beta-
Lactamases: A Clinical Update. Clinical Microbiology Reviews,
18(4): 657-686.

Peirano, G., and Pitout, J. D. D. (2010). Molecular epidemiology of
Escherichia coli producing CTX-M beta-lactamases: the worldwide
emergence of clone ST131 0O25:H4. International Journal of
Antimicrobial Agents, 35(4): 316-321.

Pereira, R. V. V, Santos, T. M. A, Bicalho, M. L., Caixeta, L. S.,
Machado, V. S., and Bicalho, R. C. (2011). Antimicrobial
resistance and prevalence of virulence factor genes in fecal
Escherichia coli of Holstein calves fed milk with and without
antimicrobials. Journal of Dairy Science, 94(9): 4556-4565.

Pitout, J. D. D., and Laupland, K. B. (2008). Enterobacteriaceae: an
emerging public-health concern. Lancet Infectious Diseases, 8:
159-166.

Pitout, J. D. D., Nordmann, P., Laupland, K. B., and Poirel, L. (2005).
Emergence of Enterobacteriaceae producing extended-spectrum
beta-lactamases (ESBLs) in the community. The Journal of
Antimicrobial Chemotherapy, 56(1): 52-59.

Platell, J. L., Johnson, J. R., Cobbold, R. N., and Trott, D. J. (2011).
Multidrug-resistant extraintestinal pathogenic Escherichia coli of
sequence type ST131 in animals and foods. Veterinary
Microbiology, 153: 99-108.

Polsfuss, S., Bloemberg, G. V, Giger, J., Meyer, V., and Hombach, M.
(2012). Comparison of European Committee on Antimicrobial
Susceptibility Testing (EUCAST) and CLSI screening parameters
for the detection of extended-spectrum [B-lactamase production in
clinical Enterobacteriaceae isolates. The Journal of Antimicrobial
Chemotherapy, 67(1): 159-166.

Poole, K. (2004). Resistance to beta-lactam antibiotics. Cellular and
Molecular Life Sciences, 61(17): 2200-2223.

70



R. Saito, S. Koyano, R. Nagai, N. Okamura, K., and Moriya, K. K.
(2010). Evaluation of chromogenic agar medium for the detection
of extended spectrum beta-lacmamase producing
Enterobactericeace. Applied Microbiology,

Randall, L. P., Clouting, C., Horton, R. a, Coldham, N. G., Wu, G.,
Clifton-Hadley, F. A., Davies, R. H., and Teale, C. J. (2011).
Prevalence of Escherichia coli carrying extended-spectrum [-
lactamases (CTX-M and TEM-52) from broiler chickens and
turkeys in Great Britain between 2006 and 2009. The Journal of
Antimicrobial Chemotherapy, 66(1): 86-95.

Rasheed, J. K., Jay, C., Metchock, B., Berkowitz, F., Weigel, L., Crellin,
J., Steward, C., Hill, B., Medeiros, A. A., and Tenover, F. C. (1997).
Evolution of extended-spectrum beta-lactam resistance (SHV-8) in
a strain of Escherichia coli during multiple episodes of bacteremia.
Antimicrobial Agents and Chemotherapy, 41(3): 647-653.

Rawat, D., and Nair, D. (2010). Extended-spectrum -lactamases in
Gram Negative Bacteria. Journal of Global Infectious Diseases, 2(3):
263-274.

Reist, M., Geser, N., Hachler, H., Scharrer, S., and Stephan, R. (2013).
ESBL-Producing Enterobacteriaceae: Occurrence, Risk Factors for
Fecal Carriage and Strain Traits in the Swiss Slaughter Cattle
Population Younger than 2 Years Sampled at Abattoir Level. PloS
One (Electronic version), 8(8): 1-6.

Saleha, A. A., Myaing, T. T., Ganapathy, K. K., Zulkifli, I., Raha, R., and
Arifah, K. (2009). Possible Effect of Antibiotic-Supplemented Feed
and Environment on the Occurrence of Multiple Antibiotic
Resistant Escherichia coli in Chickens, 8(1): 28-31.

Schmid, A., Hoérmansdorfer, S., Messelhdusser, U., Kasbohrer, A.,
Sauter-Louis, C., and Mansfeld, R. (2013). Prevalence of Extended-
Spectrum B-Lactamases producing Escherichia coli on Bavarian
dairy and beef -cattle farms. Applied and Environmental
Microbiology, 79(9): 3027-3032

Seiffert, S. N., Hilty, M., Perreten, V., and Endimiani, A. (2013).
Extended-spectrum cephalosporin-resistant Gram-negative
organisms in livestock: an emerging problem for human health?
Drug Resistance Update, 16: 22-45.

Shiraki, Y., Shibata, N., Doi, Y., and Arakawa, Y. (2004). Escherichia
coli producing CTX-M-2 beta-lactamase in cattle, Japan. Emerging
Infectious Diseases, 10(1): 69-75.

71



Snow, L. C., Warner, R. G., Cheney, T., Wearing, H., Stokes, M., Harris,
K., Teale, C. J., and Coldham, N. G. (2012). Risk factors associated
with extended spectrum beta-lactamase Escherichia coli (CTX-M)
on dairy farms in North West England and North Wales. Preventive
Veterinary Medicine, 106(3-4): 225-234.

Sttrenburg, E., and Mack, D. (2003). Extended-spectrum -
lactamases: implications for the clinical microbiology laboratory,
therapy, and infection control. Journal of Infection, 47(4): 273-295.

Tamang, M. D., Nam, H.-M., Gurung, M., Jang, G.-C., Kim, S.-R,,
Jung, S.-C., Park, Y. H., and Lim, S.-K. (2013). Molecular
characterization of CTX-M pB-lactamase and associated addiction
systems in Escherichia coli circulating among cattle, farm workers,
and the farm environment. Applied and Environmental
Microbiology, 79(13): 3898-3905.

Tamang, M. D., Nam, H.-M., Jang, G.-C., Kim, S.-R., Chae, M. H.,,
Jung, S.-C., Byun, J-W., Park, Y. H., and Lim, S.-K. (2012).
Molecular characterization of extended-spectrum-p-lactamase-
producing and plasmid-mediated AmpC [-lactamase-producing
Escherichia coli isolated from stray dogs in South Korea.
Antimicrobial Agents and Chemotherapy, 56(5): 2705-2712.

Tamang, M. D., Nam, H.-M., Kim, S.-R., Chae, M. H., Jang, G.-C.,
Jung, S.-C., and Lim, S.-K. (2013). Prevalence and Molecular
Characterization of CTX-M B-Lactamase-Producing Escherichia coli
Isolated from Healthy Swine and Cattle. Foodborne Pathogens and
Disease, 10(1): 13-20.

Tenover, F. C. (2006). Mechanisms of antimicrobial resistance in
bacteria. The American Journal of Medicine, 119(6 A): S3-10.

Thoha, T. B., Georgina, A., Sikirat, M. O., Michael, A., Davies, O. O.,
and Omobowale, A. K. (2012). Cross class resistance to non beta
lactams antimicrobials in extended spectrum beta lactamases
producing Escherichia coli - a concern to health care practitioners,
3(2): 50-54.

Timofte, D., Maciuca, I. E., Evans, N. J., Williams, H., Wattret, A., Fick,
J. C., and Williams, N. J. (2014). Detection and molecular
characterization of Escherichia coli CTX-M-15 and Klebsiella
pneumoniae SHV-12 B-lactamases from bovine mastitis isolates in
the United Kingdom. Antimicrobial Agents and Chemotherapy,
58(2): 789-794.

72



Tissera, S., and Lee, S. M. (2013). Isolation of Extended Spectrum -
lactamase (ESBL) Producing Bacteria from Urban Surface Waters
in Malaysia. Malaysian Journal of Medical Sciences, 20(3): 14-22.

Tofteland, S., Haldorsen, B., Dahl, K. H., Simonsen, G. S., Steinbakk,
M., Walsh, T. R., and Sundsfjord, A. (2007). Effects of phenotype
and genotype on methods for detection of extended-spectrum-
beta-lactamase-producing clinical isolates of Escherichia coli and
Klebsiella pneumoniae in Norway. Journal of Clinical Microbiology,
45(1): 199-205.

Umadevi, S., and Kandhakumari, G. (2011). Prevalence and
antimicrobial susceptibility pattern of ESBL producing Gram
Negative Bacilli. Journal of Clinical and Diagnostic Research, 5(2):
239-239. Retrieved from
http:/ /jcdr.net/articles/PDF /1238 /1822 _6_4_11.pdf

Valverde, A., Grill, F., Coque, T. M., Pintado, V., Baquero, F., Canton,
R., and Cobo, J. (2008). High rate of intestinal colonization with
extended-spectrum-beta-lactamase-producing organisms in
household contacts of infected community patients. Journal of
Clinical Microbiology, 46(8): 2796-2799.

Van den Bogaard, a E., London, N., Driessen, C., and Stobberingh, E.
E. (2001). Antibiotic resistance of fecal Escherichia coli in poultry,
poultry farmers and poultry slaughterers. The Journal of
Antimicrobial Chemotherapy, 47(6): 763-71.

Wallensten, A., Hernandez, J., Ardiles, K., Gonzalez-Acuna, D., Drobni,
M., and Olsen, B. (2011). Extended spectrum beta-lactamases
detected in Escherichia coli from gulls in Stockholm, Sweden.
Infection Ecology & Epidemiology, 1: 1-4.

Wang, G., Clark, C. G., Rodgers, F. G., and Al, W. E. T. (2002).
Detection in Escherichia coli of the Genes Encoding the Major
Virulence Factors, the Genes Defining the O157: H7 Serotype ,
and Components of the Type 2 Shiga Toxin Family by Multiplex
PCR. Antimicrobial Agents and Chemotheraphy, 40(10): 3613-
3619.

Watson, E., Jeckel, S., Snow, L., Stubbs, R., Teale, C., Wearing, H.,
Horton, R., Toszhegy, M., Tearne, O., Iversen, J. E., and Coldham,
N. (2012). Epidemiology of extended spectrum beta-lactamase E.
coli (CTX-M-15) on a commercial dairy farm. Veterinary
Microbiology, 154(3-4): 339-46.

73



World Organisation for Animal Health (OIE) Fifth Strategic Plan: 2011-
2015; OIE. Retrieved from http://www.oie.int/en/about-
us/director-general-office /strategic-plan/

Xu, F., Rosler, U., Friese, A., and Baumann, M. (2013). First Findings
on the Prevalence of Extended Spectrum Beta Lactamase
Producing Escherichia coli and Risk Factors in Dairy Farms in
Beijing Area, China. Retrieved October 02, 2013, from
http:/ /vphcap.vet.cmu.ac.th/file/RESEARCH-5th /05.pdf

Yingst, S. L., Parker, M. A., and Montevillel, M. R. (2007). Community-
acquired Extended-Spectrum Producers, United States, 13(7):
2005-2007.

Zheng, H., Zeng, Z., Chen, S., Liu, Y., Yao, Q., Deng, Y., Chen, X.., Lv,
L., Zhuo, C., Chen, Z., and Liu, J.-H. (2012). Prevalence and
characterisation of CTX-M [-lactamases amongst Escherichia coli
isolates from healthy food animals in China. International Journal
of Antimicrobial Agents, 39(4): 305-310.

Zurfluh, K., Hachler, H., Nuesch-Inderbinen, M., and Stephan, R.
(2013). Characteristics of extended-spectrum (-lactamase- and
carbapenemase-producing Enterobacteriaceae Isolates from rivers
and lakes in Switzerland. Applied and Environmental Microbiology,
79(9): 3021-3026.

74



	OCCURRENCE OF EXTENDED SPECTRUM BETA-LACTAMASE PRODUCING Escherichia coli IN DAIRY CATTLE,FARM ENVIRONMENT AND MILK
	ABSTRACT
	TABLE OF CONTENTS
	MASTER CHAPTER
	REFERENCES



