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The intestinal carriage of Salmonella producing extended spectrum beta
— lactamase (ESBL) in broilers may help to contaminate retail meat and
thus participate in the presence of these bacteria in humans. The study

Published: January 2019 aimed to investigate Salmonella contamination in 115 breast meat

samples from diseased broiler chickens at Dakahlia Governorate,
Egypt. A total 46 isolates of Salmonella spp. were phenotypically
identified. Furthermore, the isolates were screened for ESBL
production and revealed 11 (23.9%) isolates were grown on
MacConkey agar supplemented by cefotaxime 1 mg/L, and from, only
54.4% isolates were positive with double disc synergy test using
different 3 generation cephalosporins. Also, The ESBL producing
isolates were serotyped, where the predominant serotypes were
Salmonella Typhimurium and Salmonella Enteritidis (36.4%, each),
then, these isolates were the screening for lactamase gene showed that
only 5 isolates harbored blatgy. The current study recommends strict
restrictions on using cephalosporins agents in medical and veterinary
sectors with a continuous monitoring of ESBL producing bacteria in
the broiler farms. Also, further investigations are needed for the
detection of various mechanisms for cephalosporins resistance.
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Introduction:-

Infection with salmonellae has public health and economic impact (Sanchez et al., 2002). Chickens are considered
the main reservoir of Salomnellae, therefore, infection is mainly required through the food chain (Majowicz et al.,
2010). The drugs of choice for the treatment of Salmonella infections especially in complicated cases include
fluoroquinolones and extended spectrum cephalosporins, which are widely used in the veterinary sector (Le Hello et
al., 2011). Emergence of antibiotic resistance in Salmonella spp. was attributed to selective pressure due to the
misuse of antibiotics in humans and veterinary fields (Murgia et al., 2015). This was mainly encountered in
important classes of antibiotics, such as the p-lactams (Livermore et al., 2007).

B-lactam resistance is attributed to B-lactamase production in Gram-negative bacteria (Livermore, 2003). B-
lactamase production is an important factor producing resistance to different types of B-lactam antibiotics, including
the expanded-spectrum (3rd generation) cephalosporins (Bradford, 2001). Hence, treatment failure with
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cephalosporins is mainly reported in expanded-spectrum B-lactamase (ESBL) producing bacteria leading to serious
consequences for infection control (Paterson and Bonomo, 2005).

The incidence of extended spectrum cephalosporin resistant Salmonella has increased in several countries (Noda et
al., 2015). In Egypt, cephalosporin resistant Salmonella isolates from chicken meat have been reported (Ahmed and
Shimamoto, 2015). The detection of ESBL-producing bacteria by initial screening test is crucial for therapy and
control measures of infections (Wilson and McCabe, 2007). Initial screening of ESBL producers was performed by
MacConkey agar containing ceftazidime 1 mg/L or cefotaxime 1 mg/L. This combination enabled the detection of
100% of known ESBL producers. However, confirmatory tests should be applied because any organism with
resistance to the antibiotic used in the agar will grow (Wilson and McCabe, 2007). The extended-spectrum j-
lactamases are derived from point mutations in the B-lactamase genes, which are inhibited by clavulanic acid (Bush
and Jacoby, 2010), while, ampicillin class C B-lactamase (AmpC) enzymes are not (Jacoby, 2009). Thus, it is
important in clinical microbiology laboratories to detect and report ESBL-producing organisms.

The study aimed to investigate Salmonella contamination in broiler chicken farms at Dakahlia Governorate, Egypt,
with screening for extended spectrum beta lactamase production using both MacConkey agar supplemented by
cefotaxime 1 mg/L and the double disc synergy test with different 3rd generation cephalosporins.

Materials and Methods:-

Sample collection

A total of 115 breast meat samples from diseased chickens were collected from four broiler farms around the time of
sale at Dakahlia Governorate, Egypt, between December 2017 and May 2018. The clinical symptoms on the birds
were observed and recorded (Table 1). The collected samples were aseptically transported in ice box as soon as
possible to the laboratory for bacteriological examination.

Isolation and identification of Salmonella spp.

Salmonella spp. isolation were performed according to 1SO-6579 (2002) protocol. Twenty five grams of breast meat
samples were individually pre-enriched at 37 °C for 24 h with 225 mL of buffered peptone water broth (Fluka,
Sigma Aldrich, France) after homogenization. From each pre-enrichment solution; 100 ul were transferred into 10
mL of Rappaport Vassiliadis broth (VP) (Merck Darmstadt, Germany) and incubated at 42 °C for 24 h. All enriched
samples were streaked on Xylose Lysine Deoxycholate Agar (XLD) (Fluka analytical Steinheim, Switzerland) and
incubated at 37 °C for 24 h. Suspected colonies were subjected to further biochemical identification (Murray et al.,
2003).

Phenotypic identification and serotyping of ESBL isolates

The phenotypically identified Salmonella isolates were screened for extended-spectrum B-lactamase activity using
MacConkey agar containing cefotaxime 1 mg/ L (Wilson and McCabe, 2007). The colonies were confirmed by
morphological and culture characters onto MacConky and Salmonella Shigella (S-S) agar media. The identified
ESBL producers on MacConkey agar containing cefotaxime 1 mg’ L were subjected to susceptibility testing
according to the Kirby Bauer disc diffusion method, using Mueller Hinton agar with the following discs (Oxoid) of
third generation cephalosporin antibiotics: Cefpodoxime (CPD, 10 ug), Cefotaxime (CTX, 30 pg), Ceftazidime
(CAZ, 30 pg), Cefoxitin (FOX, 30 pug) and Cefepime (FEP, 30 pg). The results were interpreted according to the
criteria recommended by the Clinical and Laboratory Standards Institute for antimicrobial susceptibility testing
(CLSI, 2011).

Furthermore, these ESBL producers were confirmed in accordance with CLSI (2011) by double disc synergy test.
This test was performed using the five cephalosporin antibiotics in combination with the B-lactamase inhibitor
(clavulanic acid; CA). The increase in the diameter of the inhibition zone for these drugs by at least 5 mm
(compared with results obtained with the cephalosporin alone) indicated a positive result (CLSI, 2011).

All Salmonella isolates phenotypically confirmed as ESBL were serogrouped on the basis of somatic (O) and
flagellar (H) antigens by slide agglutination test using commercial antisera (SIFIN, Berlin, Germany) following
Kauffman-White scheme (Popoff et al., 2004). Reference strains; Escherichia coli ATCC@25922 and Klebsiella
pneumoniae ATCC@700603 as negative and positive ESBL control, respectively, were used.

Genotyping of ESBL isolates
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The DNA from phenotypically identified ESBL isolates was extracted using QlAamp DNA mini kit according to the
manufacturer’s instructions. Screening for the presence of p-lactamases genes (blaTEM, blaSHV, and blaCTX-M)
were carried out by conventional PCR (Colom et al., 2003; Mulvey et al., 2003; Dierikx et al., 2010).

Amplification products were detected by electrophoresis, using agarose gels containing SYBR safe (Invitrogen,
Leek, the Netherlands), along with a DNA molecular weight marker (BenchTop pPGEM®DNA Marker, Promega,
Madison, Wisconsin, USA).

Results:-

Isolation and identification of Salmonella spp.

A total of 46 isolates of Salmonella spp. were preliminary identified by their colonial morphology on MacConkey
agar, XLD agar and S-S agar, in addition to morphological characters; Gram negative non spore forming short
shaped bacilli, and biochemical reactions; negative reaction for oxidase, indole and VP, in addition to yellow and
blue coloration on urea and Simmon’s Citrate agar, respectively, in addition, positive reaction was shown on TSI
agar. The clinical signs and age of diseased broilers, in addition to incidence of Salmonella spp. were shown in
Table 1.

Table 1:-Flock description, isolation rate of Salmonella spp. From broiler chicken farms in the Dakahlia
Governorate in delta area of Egypt

Broiler flocks Samples
Farm N. N. of breast Positive
Age Clinical signs meat samples
samples N (%)

F1 39 day Whitish diarrhea, conjunctivitis and decreased body weight 34 11 (32.3%)

F 2 40 day Pasty diarrhea, loss of appetite 22 9 (40.9%)
F 3 36 day Respiratory signs, loss of appetite 28 10 (35.7%)
F 4 42 day Decreased body weight 31 16 (51.6%)
Total 115 46 (40%)

Phenotypic identification, Antimicrobial resistance profile and serotyping of ESBL isolates

Out of 46 Salmonella isolates, only 11 (23.9%) isolates were identified on MacConkey agar supplemented by
cefotaxime 1 mg/ L, of which, only 6 (54.4%) isolates were positive with double disc synergy test (Table 2). High
degrees of resistance to different members of cephalosporin were detected in phenotypically identified ESBL
isolates by the disc diffusion testing method (Table 3). The serotyping of these isolates revealed that S. Entrritidis
and S. Typhimurium were the predominant serotypes.

Table 2:-Phenotypically Identified ESBL Isolates

Phenotypically identified ESBL isolates Results of double disc synergy test with
Identified N (%) different Cephalosporins (mm***)
Serotypes* Growth on Positive double
(N, %) MacConkey with di CTX FOX CPD CAZ FEP
. isc synergy test
cefotaxime
S. Enteritidis 0
(17, 36.9%) 4 2 (18.1%) +9 +6 +8 +6 +5
S. Typhimurium 0
(17, 36.9%) 4 2 (18.1%) +10 +6 +6 +9 +5
S. paratyphi 0
(8. 17.4%) 2 1 (9%) +8 +5 +5 +5 +5
Un-typed 0
(4, 8.7%) 1 1 (9%) +5 +6 +5 +5 +5
Total O %%
(46, 100%) 11 6 (54.4%)

Serogrouped on the basis of somatic (O) and flagellar (H) antigens by slide agglutination test following Kauffman—
White scheme. ** Versus total isolates grown on agar with antibiotic. *** The increase in the diameter of the
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inhibition zone for these drugs in combination with clavulanic acid when compared with results obtained with the
antibiotics alone. Cefpodoxime (CPD), Cefotaxime (CTX), Ceftazidime (CAZ), Cefoxitin (FOX) and Cefepime
(FEP), Clavulanic acid (CA)

Table 3:-Phenotypic Antimicrobial Susceptibility Profiles of ESBL Isolates According To CLSI (2011)

Cephalosporin S. enteritidis S. typhimurium S. paratyphi A Un typed
agent (N=4) (N=4) N=2) (N=1)
(Conc.) R | S R | S R | S R I |S

Cefotaxime 3 1 2 1 1 2 1

(CTX, 30 ug) | (75%) i (25%) | (50%) | (25%) | (25%) | (100%) | ~ i (100%) | ~ | °
Cefoxitin 2 1 1 2 2 1 1 1

(FOX, 30 ug) | (50%) | (25%) | (25%) | (50%) | (50%) | (50%) | ~ | (50%) | (100%) | =~ | ~

Cefpodoxime 2 2 2 2 2 1

(CPD,10ug) | (50%) | = (50%) | (50%) | (50%) | (100%) | ~ j (100%) | ~ |

Ceftazidime 2 2 2 2 1 1 1

(CAZ,30ug) | (50%) | ~ (50%) | (50%) | (50%) | (50%) | ~ | (50%) | (100%) | ~ |
Cefepime 2 1 1 2 2 2 1

(FEP, 30 pug) | (50%) | (25%) | (25%) | (50%) i (50%) | (100%) | - i (100%) | i

* (%) Calculated to total number of examined serotype

Genotyping of ESBL isolates
From 11 phenotypically identified ESBL isolates, five isolates (45.5 %) harbored only blaTEM, (Figure 1).

Figure 1:-Agarose gel electrophoresis pattern for amplification product of blaTEM gene of phenotypically
identified ESBL Salmonella isolates. 1-5; positive isolates, 6; Negative control, 7; Positive control, M: DNA
molecular size marker (100 bp).

Discussion:-

Isolation and identification of Salmonella spp.

Salmonella is one of the major causes of foodborne outbreaks in Egypt (El-Sharkawy et al., 2017). In the present
study, Salmonella species were isolated from 40% of breast meat samples obtained at Dakahlia Governorate, Egypt,
and the predominant serotypes among ESBL producing isolates were S. Typhimurium and S. Enteritidis (36.9%,
each). In accordance, EI-Ghany et al. (2012) reported that S. Typhimurium and S. Enteritidis have been identified as
the predominant serotypes present in Egyptian poultry farms among ESBL producing isolates. Comparable
prevalence rate of Salmonella spp. was reported in Egypt (41%) (El-Sharkawy et al., 2017), South Korea (42.3%)
(Hyeon et al., 2011), Algeria (36.6%) (Elgroud et al., 2009) and Japan (45.6%) (Noda et al., 2015). On the other
hand, higher prevalence rate was reported in Algeria (60%) (Ayachi et al., 2010).

However, lower prevalence rates were obtained in Egypt (4.7% and 10.9%) (El-Ghany et al., 2012; EI-Tawab et al.,
2015), France (3.4%), Germany (2.7%) (EFSA, 2013), Spain (1%) (Lamas et al., 2016), Morocco (24%) (Chaiba
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and Filali, 2016), UK (10.7%) (Snow et al., 2008), Lithuania (29%), Netherlands (11%) and Italy (20%) (Pieskus et
al., 2008). Overall, the variation in Salmonella spp. isolation rates among the previously mentioned studies could be
attributed to Salmonella infection control plan and the hygienic state in poultry farms, where Salmonella can persist.
In addition to, difference in the study area, sanitation level during handling and processing of chicken, season of
sampling and the laboratory methodologies employed for isolation.

Phenotypic identification, Antimicrobial resistance profile and serotyping of ESBL isolates

To our knowledge, this is the first study compare between MacConkey agar supplemented by cefotaxime 1 mg/L
and double disc synergy test. Also, using five different cephalosporin antibiotics in double disc synergy test for
detection ESBL isolates, while, in the previous studies the ceftazidime and cefotaxime only were used (Wilson and
McCabe, 2007). The results obtained from different members of 3rd cephalosporin in differentiation of ESBL
producers by the double disc synergy test were comparable with the previously reported from cefotaxime or
ceftazidime (Wilson and McCabe, 2007). This gave the ability of using different cephalosporin members in double
disc synergy test.

Out of 46 Salmonella isolates, only 11 (23.9%) isolates were grown on MacConkey agar supplemented by
cefotaxime 1 mg/ L, of which, only 54.4% isolates were positive with double disc synergy test. In parallel, Djeffal et
al. (2017) documented that 26.5% of Salmonella isolates were considered as ESBL producers, while, Noda et al.
(2015) reported higher incidence (45.6%), based on resistance to Cefotaxime. The increased incidence of antibiotic
resistance in Salmonellae has resulted from the inappropriate use of antibiotics including cephalosporins in chicken
farms (Okeke et al., 2005).

Wilson and McCabe (2007) reported that the combination between MacConkey agar containing ceftazidime 1 mg/
L or cefotaxime 1 mg/L enabled 100% detection of known ESBL producers, the author reported that any organism
has resistance to cephalosporins can grow on the MacConkey agar supplemented with the antibiotic. Also, Jacoby
(2009) reported that ampicillin class C p-lactamase (AmpC) enzymes could not be inhibited by clavulanic acid. On
the other hand, Stlirenburg et al. (2005) reported a compensating benefit of this agar for detection these isolates that
hyper produce ampC enzymes. Thus, MacConkey agar supplemented by cefotaxime 1 mg/L unable to detect only
ESBL producers due to the ability of other cephalosporins resistant isolates to grow on the agar, and the double disc
synergy test showing higher ability for detection of ESBL producer isolates than MacConkey agar supplemented by
cefotaxime.

Genotyping of ESBL isolates

The screening of eleven ESBL-producing Salmonella isolates for 3-lactamases genes revealed that only five isolates
from same farm harboring only blaTEM gene. The detection of these isolates in the same farm in the current study
may be an indicator for horizontal transfer of ESBL resistance determinants, which are carried on mobile genetic
elements, from other bacterial species (Pfeifer et al., 2010).

Conclusion:-

The dissemination of ESBL producing Salmonella always makes a vital need for continuous monitoring of ESBL
producers in the poultry farms to limit its impact on human health by cephalosporin resistance genes transmission.
For monitoring strategies, the double disc synergy test using different members of cephalosporin showing more
ability for detection of ESBL producer isolates than MacConkey agar supplemented with antibiotics,. Also, strict
restrictions on using cephalosporins agents in medical and veterinary fields are needed in Egypt.

Disclosure Statement
No competing financial interests exist.

References:-

1. Ahmed, A.M. and T. Shimamoto (2015): Molecular analysis of multidrug resistance in Shiga toxin-producing
Escherichia coli O157: H7 isolated from meat and dairy products. International journal of food microbiology,
19368-73.

2. Ayachi, A., N. Alloui, O. Bennoune and A. Kassah-Laouar (2010): Survey of Salmonella serovars in broilers
and laying breeding reproducers in Eastern Algeria. J Infect Dev Ctries, 4103-106.

187



ISSN: 2320-5407 Int. J. Adv. Res. 7(1), 183-189

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bradford, P.A. (2001): Extended-spectrum B-lactamases in the 21st century: characterization, epidemiology,
and detection of this important resistance threat. Clinical microbiology reviews, 14(4): 933-951.

Bush, K. and G.A. Jacoby (2010): Updated functional classification of B-lactamases. Antimicrobial agents and
chemotherapy, 54(3): 969-976.

Chaiba, A. and F.R. Filali (2016): Prévalence de la contamination par Salmonella des élevages de poulet de
chair au Maroc. Cahiers Agricultures, 25(3): 35007.

CLSI (2011): Performance Standards for Antimicrobial Susceptibility Testing, Twenty-First Informational
Supplement M100-S21. Clinical and Laboratory Standard Institute, 3168-80.

Colom, K., J. Pérez, R. Alonso, A. Fernandez-Aranguiz, E. Larifio and R. Cisterna (2003): Simple and reliable
multiplex PCR assay for detection of bla TEM, bla SHV and bla OXA-1 genes in Enterobacteriaceae. FEMS
microbiology letters, 223(2): 147-151.

Dierikx, C., A. van Essen-Zandbergen, K. Veldman, H. Smith and D. Mevius (2010): Increased detection of
extended spectrum beta-lactamase producing Salmonella enterica and Escherichia coli isolates from poultry.
Veterinary microbiology, 145(3-4): 273-278.

Djeffal, S., S. Bakour, B. Mamache, R. Elgroud, A. Agabou, S. Chabou, S. Hireche, O. Bouaziz, K. Rahal and
J.-M. Rolain (2017): Prevalence and clonal relationship of ESBL-producing Salmonella strains from humans
and poultry in northeastern Algeria. BMC veterinary research, 13(1): 132,

EFSA (2013): European Food Safety Authority; Panel on Animal Health Welfare: Scientific Opinion on
Review of the European Union Summary Report on trends and sources of zoonoses, zoonotic agents and food-
borne outbreaks-Terms of reference 2 to 7. EFSA Journal, 11(1): 3074.

El-Ghany, W.A.A., S.S. EI-Shafii and M. Hatem (2012): A survey on Salmonella species isolated from chicken
flocks in Egypt. Asian J Anim Vet Adv, 7489-501.

El-Sharkawy, H., A. Tahoun, A.E.-G.A. EI-Gohary, M. El-Abasy, F. El-Khayat, T. Gillespie, Y. Kitade, H.M.
Hafez, H. Neubauer and H. El-Adawy (2017): Epidemiological, molecular characterization and antibiotic
resistance of Salmonella enterica serovars isolated from chicken farms in Egypt. Gut pathogens, 9(1): 8.
El-Tawab, A.AA.,, AM. Ammar, S.A. Nasef, F.l. EI-Hofya and N.M. Nabilc (2015): Studies on different
salmonella serotypes isolated from poultry in different governorates in Egypt. Benha Veterinary Med. J, 28(2):
169-175.

Elgroud, R., F. Zerdoumi, M. Benazzouz, C. Bouzitouna-Bentchouala, S. Granier, S. Frémy, A. Brisabois, B.
Dufour and Y. Millemann (2009): Characteristics of Salmonella contamination of broilers and slaughterhouses
in the region of Constantine (Algeria). Zoonoses and public health, 56(2): 84-93.

Hyeon, J.-Y., J.-W. Chon, I.-G. Hwang, H.-S. Kwak, M.-S. Kim, S.-K. Kim, I.-S. Choi, C.-S. Song, C. Park and
K.-H. Seo (2011): Prevalence, antibiotic resistance, and molecular characterization of Salmonella serovars in
retail meat products. Journal of food protection, 74(1): 161-166.

1ISO-6579 (2002): International Organization for Standardization 6579: 2002. Microbiology of food and animal
feeding stuffs. Horizontal method for the detection of Salmonella spp. Google Scholar.

Jacoby, G.A. (2009): AmpC B-lactamases. Clinical microbiology reviews, 22(1): 161-182.

Lamas, A., |. Fernandez-No, J. Miranda, B. VVazquez, A. Cepeda and C. Franco (2016): Prevalence, molecular
characterization and antimicrobial resistance of Salmonella serovars isolated from northwestern Spanish broiler
flocks (2011-2015). Poultry science, 95(9): 2097-2105.

Le Hello, S., R.S. Hendriksen, B. Doublet, I. Fisher, E.M. Nielsen, J.M. Whichard, B. Bouchrif, K. Fashae, S.A.
Granier and N. Jourdan-Da Silva (2011): International spread of an epidemic population of Salmonella enterica
serotype Kentucky ST198 resistant to ciprofloxacin. Journal of Infectious Diseases, 204(5): 675-684.
Livermore, D.M. (2003): Bacterial resistance: origins, epidemiology, and impact. Clinical infectious diseases,
36(Supplement_1): S11-S23.

Livermore, D.M., R. Canton, M. Gniadkowski, P. Nordmann, G.M. Rossolini, G. Arlet, J. Ayala, T.M. Coque,
I. Kern-Zdanowicz and F. Luzzaro (2007): CTX-M: changing the face of ESBLs in Europe. Journal of
Antimicrobial Chemotherapy, 59(2): 165-174.

Majowicz, S.E., J. Musto, E. Scallan, F.J. Angulo, M. Kirk, S.J. O'brien, T.F. Jones, A. Fazil, R.M. Hoekstra
and 1.C.0.E.D.B.o.l. Studies (2010): The global burden of nontyphoidal Salmonella gastroenteritis. Clinical
infectious diseases, 50(6): 882-889.

Mulvey, M.R., G. Soule, D. Boyd, W. Demczuk, R. Ahmed and M.-p.S.T.C.C.S. Group (2003):
Characterization of the first extended-spectrum beta-lactamase-producing Salmonella isolate identified in
Canada. Journal of clinical microbiology, 41(1): 460-462.

188



ISSN: 2320-5407 Int. J. Adv. Res. 7(1), 183-189

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

Murgia, M., B. Bouchrif, M. Timinouni, A. Al-Qahtani, M.N. Al-Ahdal, P. Cappuccinelli, S. Rubino and B.
Paglietti (2015): Antibiotic resistance determinants and genetic analysis of Salmonella enterica isolated from
food in Morocco. International journal of food microbiology, 21531-39.

Murray, P., E. Baron, M. Pfaller, J. Jorgensen and R. Yolken (2003): Manual of Clinical Microbiology Vol. 1,
8th ed. Washington, DC: ASM Press.

Noda, T., K. Murakami, Y. Etoh, F. Okamoto, J. Yatsuyanagi, N. Sera, M. Furuta, D. Onozuka, T. Oda and T.
Asai (2015): Increase in resistance to extended-spectrum cephalosporins in Salmonella isolated from retail
chicken products in Japan. PloS one, 10(2): e0116927.

Okeke, I.N., R. Laxminarayan, Z.A. Bhutta, A.G. Duse, P. Jenkins, T.F. O'Brien, A. Pablos-Mendez and K.P.
Klugman (2005): Antimicrobial resistance in developing countries. Part I: recent trends and current status. The
Lancet infectious diseases, 5(8): 481-493.

Paterson, D.L. and R.A. Bonomo (2005): Extended-spectrum pB-lactamases: a clinical update. Clinical
microbiology reviews, 18(4): 657-686.

Pfeifer, Y., A. Cullik and W. Witte (2010): Resistance to cephalosporins and carbapenems in Gram-negative
bacterial pathogens. International Journal of Medical Microbiology, 300(6): 371-379.

Pieskus, J., M.P. Franciosini, P.C. Proietti, F. Reich, E. Kazeniauskas, C. Butrimaite-Ambrozeviciene, M.
Mauricas and N. Bolder (2008): Preliminary investigations on Salmonella spp. incidence in meat chicken farms
in Italy, Germany, Lithuania and the Netherlands. International Journal of Poultry Science, 7(8): 813-817.
Popoff, M.Y., J. Bockemuhl and L.L. Gheesling (2004): Supplement 2002 (no. 46) to the Kauffmann—-White
scheme. Research in microbiology, 155(7): 568-570.

Sanchez, S., C.L. Hofacre, M.D. Lee, J.J. Maurer and M.P. Doyle (2002): Animal sources of salmonellosis in
humans. Journal of the American Veterinary Medical Association, 221(4): 492-497.

Snow, L., R. Davies, K. Christiansen, J. Carrique-Mas, A. Cook, C. Teale and S. Evans (2008): Survey of the
prevalence of Salmonella on commercial broiler farms in the United Kingdom, 2005/06. Veterinary Record,
163(22): 649-654.

Stlrenburg, E., I. Sobottka, R. Laufs and D. Mack (2005): Evaluation of a new screen agar plate for detection
and presumptive identification of Enterobacteriaceae producing extended-spectrum B-lactamases. Diagnostic
microbiology and infectious disease, 51(1): 51-55.

Wilson, G. and D. McCabe (2007): The use of antibiotic-containing agars for the isolation of extended-
spectrum B-lactamase-producing organisms in intensive care units. Clinical microbiology and infection, 13(4):
451-453.

189



