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Abstract. This study investigated antimicrobial resistance profiles and genes of 
b-lactamase-producing Salmonella enterica, isolates from animal feces and meat 
samples at small-scale rural farms in Phatthalung Province, Thailand. Of 40 iso-
lates from swine feces 50%, 47%, 17%, 17%, and 15% were resistant to ampicillin, 
streptomycin, nalidixic acid, tetracycline, and chloramphenicol, respectively; of 29 
isolates from chicken feces 33%, 27%, 7%, and 3% were resistant to streptomycin, 
nalidixic acid, tetracycline, and ampicillin, respectively; and of 6 isolates from cattle 
feces 67% were resistant to sulfamethoxazole and tetracycline, and 33% resistant 
to ampicillin, nalidixic acid and streptomycin. Of the 23 isolates from chicken 
meat 96%, 96%, 78%, 73%, 61%, 30%, and 9% were resistant to sulfamethoxazole, 
streptomycin, ampicillin, tetracycline, nalidixic acid, chloramphenicol, and cipro-
floxacin, respectively; and of 31 isolates from pork meat 87%, 77%, 39%, 32%, 10% 
and 10% were resistant to sulfamethoxazole, tetracycline, streptomycin, ampicil-
lin, nalidixic acid, and chloramphenicol, respectively. Three ampicillin-resistant 
isolates from swine feces carried the same extended-spectrum b-lactamase gene 
belonging to blaCTX-M group 1. The results of this study confirm the existence of 
ESBL in S. enterica isolated from food animals. Occurrence of an ESBL producing 
strain of S. enterica constitutes a public health threat through transmission of these 
strains to humans via contaminated food or transfer of antimicrobial resistant 
genes to human pathogens.

Keywords: Salmonella enterica, animal feces, animal meat, extended spectrum 
b-lactamase (ESBL), Thailand

INTRODUCTION

Life threatening disease due to infec-
tion with antimicrobial-resistant non-
typhoidal Salmonella enterica continues 
to be a serious public health problem 
worldwide, especially in underdeveloped 
and developing countries (Chuanchuen 



SoutheaSt aSian J trop Med public health

1258 Vol  47  No. 6  November  2016

et al, 2008; Lertworapreecha et al, 2013). 
This pathogen is one of the major causes 
of food-borne illness in humans, as it is 
able to colonize within the intestine of 
many food animals, and thereby causing 
contamination of meat products during 
carcass processing (Sanchez et al, 2002; 
Sivula et al, 2008). Moreover, dramatically 
increasing numbers of multidrug-resis-
tant Salmonella and extended spectrum 
b-lactamase (ESBL)-producing strains, 
including resistance to 3rd generation 
cephalosporins, which have proven ef-
fective in treating Salmonella infection, 
are of particular concern (Hasman et al, 
2005; Jure et al, 2010; Ibrahimagic et al, 
2015). Furthermore, these antimicrobial 
resistant strains are likely to be a source 
of drug resistance genes transferred to 
other human pathogens (O’Brien, 2002; 
McEwen, 2012). Patients infected with 
antimicrobial-resistant S. enterica are as-
sociated with more frequent and longer 
hospitalization, with increased mortality 
rate compared to those infected with non-
resistant strains (Helms et al, 2002, 2004). 

ESBL-encoding genes are located 
mainly on mobile genetic elements and 
plasmids, all of which have significant 
abilities to be transferred among bacterial 
species. As a result, several ESBL genes 
have been reported to be distributed 
worldwide in Enterobacteriaceae isolated 
from humans and food animals (Kolar  
et al, 2010; Korzeniewska and Harnisz, 
2013). The etiology of antimicrobial 
resistance in S. enterica is complicated; 
however, several studies indicated that 
overuse and misuse of antimicrobial 
drugs in livestock production are the 
major causes of the spread and continued 
presence of antibiotic-resistant S. enterica 
in animals and environment (Aarestrup, 
2005; Landers et al, 2012). 

Resistance to ESBLs in S. enterica in 

Thai patients have been reported, but 
only limited studies have investigated the 
responsible genes for ESBLs in S. enterica 
isolated from food animals, especially in 
rural areas (Kiratisin et al, 2008; Sasaki 
et al, 2010; Udomsantisuk et al, 2011). In 
the Thai countryside, animal produc-
tion is mainly conducted by small-scale 
farmers who supply the majority of local 
foodstuffs. Animal production processes 
including animal husbandry, slaughter-
ing, cutting and butchering are not always 
hygienic, and the issues of food safety and 
antimicrobial resistant pathogens have, to 
date, received insufficient attention.

 In order to control this problem, 
epidemiological knowledge together with 
scientific data regarding antimicrobial 
resistance and their genes are need. This 
study examined antimicrobial resistance 
profiles (antibiograms) and responsible 
genes, in particular those encoding ESBLs, 
in S. enterica isolated from various animal 
food sources and produced by small-scale 
local farmers in Phatthalung Province, 
southern Thailand. 

MATERIALS AND METHODS

Bacterial samples 
S. enterica was isolated and identified 

from animal feces and meat samples. A 
total of 200 fecal samples (5 from each 
farm) were collected from 40 small-scale 
local farms, 100 from individual swine, 75 
from pooled chicken (each pool sampled 
using cloacal swabs from 5-6 individual 
chickens), and 25 from individual cattle 
(fecal sample collected from Phatthalung 
Province during May to October 2015). 
Forty samples of both pork and chicken 
meat were collected from fresh markets 
in Phatthalung Province, Thailand dur-
ing June to December 2014. Isolation 
and identification of Salmonella spp were 
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performed as previously reported (Lert-
worapreecha et al, 2013). In brief, isolates 
that exhibited biochemical characteristics 
of Salmonella spp were confirmed by slide 
agglutination for group O polyvalent 
Salmonella antibodies (S&A Reagents Lab, 
Bangkok, Thailand). Serotyping of all 
Salmonella spp was performed by slide ag-
glutination according to Kauffman-White 
scheme (Grimont and Weill, 2007). 
Antibiogram determination

Antimicrobial susceptibility tests 
were performed by determining minimal 
inhibitory concentrations (MICs) using 
a broth microdilution technique (CLSI, 
2014). In brief, 7 antibiotics, namely, am-
picillin, chloramphenicol, ciprofloxacin, 
gentamicin, nalidixic acid, streptomycin, 
and tetracycline were two-fold serial 
diluted (0.125-1,024 µg/ml) in Mueller 
Hinton broth (HiMedia, Mumbai, India). 
The final concentration of bacteria in 
a total volume of 200 µl was approxi-
mately 5×105 CFU/ml. Microplates were 
incubated at 35°C for 16 to 20 hours. MIC 
was determined according to Clinical and 
Laboratory Standards Institute (CLSI, 
2014). The susceptibility patterns were 
analyzed using WHONET 5.6 program 
(http://www.whonet.org/).
Phenotypic and genotypic detection of 
ESBL-producing Salmonella strains

Screening of ESBL production was 
performed by a disc diffusion method 
using cefpodoxime (10 mg) (HiMedia, 
Mumbai, India). All cefpodoxime-resis-
tant strains were further confirmed for 
phenotype using a combination disc dif-
fusion method with cefotaxime (30 µg), 
cefotaxime (30 µg) + clavulanic acid (10 
µg), ceftazidime (30 µg), and ceftazidime 
(30 µg) + clavulanic (10 µg) (HiMedia).

In order to identify ESBL genes, 
ampicillin-resistant strains were grown on 

tryptic soy agar (TSA) (HiMedia,). Then, 
2 to 3 colonies were boiled for 10 minutes 
in 200 µl of TE buffer (10 mM Tris-Cl, pH 
7.5 and 1 mM EDTA) and supernatant 
used as DNA template in subsequent PCR 
using primers listed in Table 1. Reaction 
mixture (50 µl) contained 1X PCR buf-
fer, 1.5 mM MgCl2, 200 µM dNTPs, 0.5 
pmol of each primer, and 0.5 U Phusion 
High-Fedelity DNA polymerase (Thermo 
Scientific, Waltham, MA). Thermocycling 
was conducted in a Multigenetm mini 
(Labnet, Edison, NJ) as follows: 94°C for 
10 minutes; followed by 40 cycles of 94°C 
for 1 minute, annealing temperature for 
each primer as listed Table 1 for 1 minute, 
and 72°C for 1 minute; with a final step at 
72°C for 10 minutes. Amplicons were ana-
lyzed by 1.2% agarose gel-electrophoresis, 
gel-purified (E.Z.N.A.® Gel Extraction 
Kit; Omega Bio-tek, Doraville, GA) and 
directly sequenced (Bio Basic; Markham, 
NO, Canada). 
Phylogenetic analysis

Alignment of amino acid deduce 
from nucleotide sequences was conducted 
by BioEdit (http://www.mbio.ncsu.edu/
bioedit/bioedit.html) and sequences were 
deposited with GenBank (accession no. 
KT123259, KT123258 and KT123257). Phy-
logenetic tree was constructed by MEGA 6 
program (http://www.megasoftware.net) 
using neighbor-joining method (bootstrap 
value = 1,000). 
Conjugation assay 

Conjugation transfer was performed as 
previously described (Oluduro et al, 2014). 
In short, ESBL-producing S. Typhimurium, 
S. Weltevreden and S. Stratford were used 
as donor strains and non ESBL-producing 
Escherichia coli (ATCC 25922) as recipient. 
Donor and recipient strains were grown 
overnight in 2X TSB medium and then 
adjusted to 0.5 McFarland standard prior 
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Fig 1–Phenotypic and genotypic determination of ESBL producing 
Salmonella enterica strain. A. Disc diffusion assay using cefo-
taxime (CTX; 30 μg), combination of cefotaxime+clavulanic acid 
(CTX+CLA; 30 μg + 10 μg), ceftazidime (CTZ; 30 μg), and com-
bination of ceftazidime+clavulanic (CTZ+CLA; 30 μg + 10 μg). 
B. PCR amplification of blaCTX-M. Lane 1, DNA size markers; lane 
2, S. Typhimurium; lane 3, S. Weltevreden; lane 4, S. Stratford; 
lane 5, negative control.

to mixing at a 1:9 ratio (donor: recipient) 
with TSB medium. The bacterial suspen-
sions were incubated for 3 hours before 
serial dilution, and then spread onto Mac-
Conkey plates supplemented with 100 µg/
ml ampicillin. Phenotypic exhibition of 
ESBL of E. coli colonies on MacConkey agar 
plates was confirmed using a disc diffusion 
method. The existence of ESBL gene was 
determined by PCR using CTX-M primers.

RESULTS

Salmonella isolation and identification 
A total of 129 isolates of S. enterica 

were isolated and identified, 40 (31%), 
29 (22%), and 6 (5%) were isolated from 
swine, chicken and cattle feces, respec-
tively and 31 (28%) and 23 (18%) from 
pork and chicken meat, respectively. 
The most common serovars from swine 
feces were S. Weltevreden (40%) and S. 
Typhimurium (17%), the most common 
from chicken feces were S. Braenderup 

tant to ampicillin and streptomycin re-
spectively; of the 29 isolates from chicken 
feces 34% and 27% were resistant to strep-
tomycin and nalidixic acid, respectively; 
of the 6 isolates from cattle feces 67% were 
resistant to sulfamethoxazole and tetra-
cycline, and 33% to ampicillin, nalidixic 
acid and streptomycin; of the 23 isolates 
of chicken meat 96%, 78%, 73% and 61% 
were resistant to sulfamethoxazole and 
streptomycin, ampicillin, tetracycline, 
and nalidixic acid, respectively; of the 
31 isolates from pork meat 87% and 77% 
were resistant to sulfamethoxazole and 
tetracycline, respectively (Table 3). 
ESBL phenotype and genotype

Of 21 ampicillin-resistant S. enterica 
isolates (20 from swine and 1 from chicken 
feces) screened for ESBL phenotype by 
a disc diffusion method with cefpodox-
ime (10 mg). Three (14%) isolates (S. 
Weltevreden, S. Typhimurium, and S. 
Stratford) from swine feces showed re-

(24%) and S. Weltevre-
den (17%), the most 
common from cattle 
feces were S. Bardo 
(67%) and S. Welte-
vreden (33%),  the 
most common from 
chicken meat were 
S. Albany (30%) and 
S. Typhimurium and 
S. Give (17% each), 
and the most common 
from pork meat were 
S. Rissen (23%) and 
S. Weltevreden and S. 
Typhimurium (16% 
each) (Table 2). 
Antibiogram profiles

Of the 40 isolates 
from swine feces 50% 
and 47% were resis-

1,500 bp

1,000 bp

700 bp

500 bp
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Fig 2–Phylogenetic tree of CTX-M gene. The phylogenetic tree was constructed using neighbor join-
ing method (bootstrap value = 1,000). Isolates of this study are in dash box. Number in front 
of bacterial strain is GenBank accession number. (The numbers next to each node, represent 
a measure of support for the node. The line segment with the number ‘0.02’ shows the length 
of branch that represents an amount genetic change).

sistance and this was confirmed using a 
combination disc diffusion method (Fig 
1A). Antibiogram profiles of these three 
ESBL-producing strains showed that S. 
Typhimurium was resistant to ampicillin, 
chloramphenicol, nalidixic acid, strepto-
mycin, sulfamethoxazole and tetracycline, 
whereas S. Stratford and S. Weltevreden 

showed similar antibiogram profile of 
resistance to ampicillin, chlorampheni-
col, streptomycin, sulfamethoxazole and 
tetracycline (Table 3). 

In order to determine ESBL geno-
type, PCR was performed using primer 
pairs specific for ESBL genes (Table 1). 
Amplicon of approximately 750 bp were 
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amplified from all three strains indica-
tive of ESBL-CTX gene (Fig 1B). This was 
confirmed by nucleotide sequencing and 
phylogenetic analysis in comparison with 
ESBL genes retrieved from GenBank in-
dicated that the ESBL gene is classified in 
the CTX-M group 1 (Fig 2). The remaining 
18 isolates negative results for ESBL in 

both phenotype and genotype were in-
vestigated for the presence of b-lactamase 
genes (Table 1). Fourteen (67%) isolates 
carried blaTEM and the remaining 4 isolates 
were negative for blaTEM, blaCTX-M, blaSHV, 
and blaOXA (data not shown). Phylogenetic 
analysis showed the sequenced blaTEM is 
closely related to blaTEM-1 family.

Table 2
Salmonella serotypes isolated from animal fecal and meat samples.

Serovar  Fecal sample  Meat sample 

  Swine Chicken Cattle Chicken Pork

Agama 1    
Albany    7 
Amsterdam 2    
Anatum      4
Bardo  3 4  
Braenderup 2 7   
Bredeney     4
Choleraesuis  1   
Cremieu 1    
Derby     1
Fillmore  1   
Give    4 4
Glostrup  3   
Hadar  1   
Hvittingfoss    1 
Kalamu    1 
Kentucky    1 1
Magherafelt  1   
Mbandaka  1   
Muenchen  1   
Panama 1    
Istanbul  1   
Paratyphi B  2    
Rissen 5 1  3 7
Saintpaul 1    
Sandown  1 1   
Stratford 1    
Typhimurium 7 1  4 5
Virginia  1   
Weltevreden 16 5 2 2 5
Total   40 29 6 23 31
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finally to the butcher. 
The predominant S. enterica serovars 

were different in each sample type. Main 
serovar found in swine, chicken and cattle 
feces was S. Weltevreden, S. Braenderup 
and S. Bardo, respectively, whereas pre-
dominant serovar in pork and chicken 
meat was S. Albany and S. Rissen, re-
spectively. These findings are consistent 
with an earlier epidemiological survey 
of S. enterica in Thailand (Angkititrakul 
et al, 2005; Padungtod and Kaneene, 2006; 
Chotinun et al, 2014). Nevertheless, S. 
Weltevreden is the predominant serovar 
infecting humans in this country (Bangtra- 
kulnonth et al, 2004; Sirichote et al, 2010). 
High prevalence of S. Weltevreden might 
suggest its potential to colonize a broader 
range of hosts and ability to persist in 
slaughterhouses and meat stalls for pro-
longed periods of time (Trung et al, 2016). 

Almost all S. enterica isolates were 
multidrug resistant. The majority of iso-
lates from chicken feces was resistant to 
nalidixic acid, implying that quinolone 
groups are extensively used in poultry 
production in Phatthalung area. Ac-
cording to a global survey from the year 
2000 to 2010, consumption of quinolone 
drugs dramatically increased by 64% 
(Van Boeckel et al, 2014). Whereas only 
a few isolates from swine feces showed 
resistance to nalidixic acid, implying re-
duced exposure to this antibiotic. Previous 
studies reported that S. enterica isolated 
from food animals has a high resistance 
to nalidixic acid (White et al, 2001; Dallal 
et al, 2010). 

b-Lactam antibiotics are the one that 
widely prescribed for treatment of infec-
tious diseases in both human and vet-
erinary medicine, and they are also used 
as feed additives to enhance the growth 
of food animals (Van Boeckel et al, 2014; 

Conjugation transfer 
Only ESBL-producing S. Weltevreden 

strain showed evidence of horizontal gene 
transfer to the recipient E. coli strain as 
evidenced by the acquisition of the donor 
antimicrobial resistance profile and the 
presence of ESBL-CTX-M gene (data not 
shown).

DISCUSSION

This study investigated the preva-
lence of antimicrobial resistance and the 
types of ESBL genes responsible for b-lac-
tam resistance in S. enterica isolated from 
feces and meat samples of food animals 
produced by local small-scale farmers in a 
province of southern Thailand. Prevalence 
of S. enterica in both swine and chicken 
feces was similar (40% and 38%, respec-
tively), whereas only 24% prevalence were 
detected in cattle feces. This prevalence 
of S. enterica in feces samples was higher 
than reported in previous studies from 
other areas of Thailand, which indicated 
only 3% and 3.5% prevalence of Salmonella 
from rectal swabs of swine and live poul-
try, respectively (Pulsrikarn et al, 2012; 
Chotinun et al, 2014). The differences in 
prevalence may have resulted from sam-
ple collection method: this study used at 
least 25 g of individual swine and pooled 
chicken feces, which enhanced the prob-
ability of detecting S. enterica compared 
with rectal swab samples. 

On the other hand, prevalence of S. 
enterica in pork and chicken meat samples 
was higher (57% and 77%, respectively) 
than found in feces samples. These preva-
lences of S. enterica in meat samples were 
similar to other reports (Angkititrakul 
et al, 2005; Pulsrikarn et al, 2012). High 
prevalence of S. enterica probably re-
sults from the multistep processes: from 
slaughterhouse, to carcass processing and 
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European Medicines Agency, 2015). Thus, 
this group of antibiotics continues to be a 
major cause of resistance among a number 
of gram-negative bacteria including S. 
enterica. We found that 3/21 ampicillin-
resistant S. enterica from swine feces (S. 
Typhimurium, S. Weltevreden, and S. 
Stratford) were ESBL-producing strains, 
all carrying ESBL-CTX-M group 1 gene. 
Previous studies in Thai patients indi-
cated that the majority of ESBL-producing 
Enterobacteriaceae carry blaCTX-M group 
(Kiratisin et al, 2008; Sasaki et al, 2010). 
The high prevalence of CTX-M-producing 
Enterobacteriaceae in patients might be 
due to acquired horizontal gene transfer 
from food animal pathogens. This study 
demonstrated that ESBL-producing S. 
Weltevreden had the ability to transfer 
the gene-carrying plasmid to E. coli. In ad-
dition, all three ESBL-producing isolates 
had multiple antimicrobial antibiograms 
compared to other isolates, suggesting 
that they may carry class 1 integron 
(Jacoby and Sutton, 1991; Bonnet, 2004). 
Whereas, S. Typhimurim and S. Stratford 
did not transfer the CTX-M gene to the 
recipient cell, suggesting that the CTX-M 
gene might be located on the chromo-
some. A previous study indicated that 
blaCTX-M in S. Concord is able to integrate 
into host chromosome (Fabre et al, 2009).

Fourteen ampicillin-resistant S. enteri-
ca isolates carried blaTEM-1. This finding is 
inconsistent with previous studies, which 
demonsrated that the most prevalent 
b-lactamase gene in S. enterica is blaCTX-M 
(Antunes et al, 2004; Aarestrup et al, 2005). 
This might be due to variations in sample 
size, geographic distribution and species 
of animals, as a previous report showed 
that ESBL types found in animals vary 
extensively among animal groups and 
across different geographical regions 
(Ewers et al, 2012). The four ampicillin-

resistant S. enterica isolates that did not 
carry blaCTX-M, blaSHV, blaOXA, or blaTEM could 
be carrying other b-lactamase genes, such 
as AmpC b-lactamase gene and this re-
quires further investigation.

In conclusion, this study demon-
strated the existence of ESBL in S. en-
terica isolated from feces and meat of 
food animals from small rural farms in 
southern Thailand. The presence of ESBL-
producing pathogens might be associated 
with over extensive use of antimicrobials 
in livestock production. The occurrence 
of ESBL-producing strains of S. enterica 
constitutes a public health threat through 
transmission of these strains to humans 
via contaminated food, or transfer of 
antimicrobial-resistant genes to other hu-
man pathogens. Thus, there is a need to 
limit the over dependence of antibiotics 
in livestock industry.

ACKNOWLEDGEMENTS

Special thanks go to the Department 
of Biology, Faculty of Science, Thaksin 
University for support of instruments in 
the study, which was supported by a Thai 
Government endowment fund 2014 to 
the Research and Development Institute, 
Thaksin University.

REFERENCES

Aarestrup FM, Veterinary drug usage and an-
timicrobial resistance in bacteria of animal 
origin. Basic Clin Pharmacol Toxicol 2005; 
96: 271-81. 

Aarestrup FM, Hasman H, Jensen LB. Resistant 
Salmonella virchow in quail products. Emerg 
Infect Dis 2005; 11: 1984-5. 

Angkititrakul S, Chomvarin C, Chaita T, Kani-
stanon K, Waethewutajarn S. Epidemiol-
ogy of antimicrobial resistance in Salmo-
nella isolated from pork, chicken meat and 
humans in Thailand. Southeast Asian J Trop 



ESBL Salmonella enterica from food AnimALS

Vol  47  No. 6  November  2016 1267

Med Public Health 2005; 36: 1510-5. 
Antunes P, Machado J, Sousa JC, Peixe L. Dis-

semination amongst humans and food 
products of animal origin of a Salmonella 
typhimurium clone expressing an integron-
borne OXA-30 beta-lactamase. J Antimicrob 
Chemother 2004; 54: 429-34. 

Arlet G, Rouveau M, Philippon A. Substitution 
of alanine for aspartate at position 179 in 
the SHV-6 extended-spectrum beta-lacta-
mase. FEMS Microbiol Lett 1997; 152: 163-7. 

Bali EB, Acik L, Sultan N. Phenotypic and 
molecular characterization of SHV, TEM, 
CTX-M and extended-spectrum beta-
lactamase produced by Escherichia coli, 
Acinobacter baumannii and Klebsiella iso-
lates in a Turkish hospital. Afr J Microbiol 
Res 2010; 4: 650-4. 

Bangtrakulnonth A, Pornreongwong S, Pul-
srikarn C, et al. Salmonella serovars from 
humans and other sources in Thailand, 
1993-2002. Emerg Infect Dis 2004; 10: 131-6. 

Bonnet R. Growing group of extended-
spectrum beta-lactamases: the CTX-M 
enzymes. Antimicrob Agents Chemother 
2004; 48: 1-14.

Chotinun S, Rojanasthien S, Unger F, Tadee 
P, Patchanee P. Prevalence and antimi-
crobial resistance of Salmonella isolated 
from carcasses, processing facilities and 
the environment surrounding small scale 
poultry slaughterhouses in Thailand. 
Southeast Asian J Trop Med Public Health 
2014; 45: 1392-400. 

Chuanchuen R, Padungtod P, Pathanasophon 
P. Antimicrobial resistance genes among 
Salmonella enterica isolates from poultry 
and swine in Thailand. Int J Infect Dis 2008; 
12 (suppl 1): e117.

Clinical and Laboratory Standard Institute 
(CLSI). Performance Standards for Antimi-
crobial Disk Susceptibility Tests Approved 
Standard. Twenty Fourth Edition. M100-
S24. Wayne: CLSI, 2014.

Dallal MMS, Doyle MP, Rezadehbashi M, et al. 
Prevalence and antimicrobial resistance 
profiles of Salmonella serotypes, Campylo-

bacter and Yersinia spp isolated from retail 
chicken and beef, Tehran, Iran. Food Cont 
2010; 21: 388-92. 

Ewers C, Bethe A, Semmler T, Guenther S, 
Wieler LH. Extended-spectrum beta-lac-
tamase-producing and AmpC-producing 
Escherichia coli from livestock and compan-
ion animals, and their putative impact on 
public health: a global perspective. Clin 
Microbiol Infect 2012; 18: 646-55. 

European Medicines Agency. European sur-
veillance of veterinary antimicrobial con-
sumption. Sales of veterinary antimicro-
bial agents in 26 EU/EEA countries in 2013. 
Fifth ESVAC report. London: European 
Medicine Agency, 2015.  

Fabre L, Delaune A, Espie E, et al. Chromosomal 
integration of the extended-spectrum beta-
lactamase gene blaCTX-M-15 in Salmonella 
enterica serotype Concord isolates from in-
ternationally adopted children. Antimicrob 
Agents Chemother 2009; 53: 1808-16. 

Gallardo F, Ruiz J, Marco F, Towner KJ, Vila J. 
Increase in incidence of resistance to ampi-
cillin, chloramphenicol and trimethoprim 
in clinical isolates of Salmonella serotype 
Typhimurium with investigation of mo-
lecular epidemiology and mechanisms of 
resistance. J Med Microbiol 1999; 48: 367-74. 

Grimont PAD, Weill FX. Antigenic formulae 
of the Salmonella serovars. 9th ed. Paris: 
Institut Pasteur, 2007.

Hasman H, Mevius D, Veldman K, Ole-
sen I, Aarestrup FM. beta-Lactamases 
among extended-spectrum beta-lactamase 
(ESBL)-resistant Salmonella from poultry, 
poultry products and human patients in 
The Netherlands. J Antimicrob Chemother 
2005; 56: 115-21. 

Hassan MI, Alkharsah KR, Alzahrani AJ, Obeid 
OE, Khamis AH, Diab A. Detection of 
extended spectrum beta-lactamases-pro-
ducing isolates and effect of AmpC over-
lapping. J Infect Dev Ctries 2013; 7: 618-29. 

Helms M, Simonsen J, Molbak K, Quinolone re-
sistance is associated with increased risk of 
invasive illness or death during infection 



SoutheaSt aSian J trop Med public health

1268 Vol  47  No. 6  November  2016

with Salmonella serotype Typhimurium. J 
Infect Dis 2004; 190: 1652-54. 

Helms M, Vastrup P, Gerner-Smidt P, Molbak 
K. Excess mortality associated with an-
timicrobial drug-resistant Salmonella ty-
phimurium. Emerg Infect Dis 2002; 8: 490-5. 

Ibrahimagic A, Bedenic B, Kamberovic F, Uzu-
novic S. High prevalence of CTX-M-15 
and first report of CTX-M-3, CTX-M-22, 
CTX-M-28 and plasmid-mediated AmpC 
beta-lactamase producing Enterobacte-
riaceae causing urinary tract infections in 
Bosnia and Herzegovina in hospital and 
community settings. J Infect Chemother 
2015; 21: 363-9. 

Jacoby GA, Sutton L. Properties of plasmids 
responsible for production of extended-
spectrum beta-lactamases. Antimicrob 
Agents Chemother 1991; 35: 164-9. 

Jure MA, Aulet O, Trejo A, Castillo M. Extend-
ed-spectrum beta-lactamase-producing 
Salmonella enterica serovar Oranienburg 
(CTX-M-2 group) in a pediatric hospital 
in Tucuman, Argentina. Rev Soc Bras Med 
Trop 2010; 43: 121-4. 

Kiratisin P, Apisarnthanarak A, Laesripa C, 
Saifon P. Molecular characterization and 
epidemiology of extended-spectrum-
beta-lactamase-producing Escherichia coli 
and Klebsiella pneumoniae isolates causing 
health, care-associated infection in Thai-
land, where the CTX-M family is endemic. 
Antimicrob Agents Chemother 2008; 52: 
2818-24. 

Kolar M, Bardon J, Chroma M, et al. ESBL and 
AmpC beta-lactamase-producing En-
terobacteriaceae in poultry in the Czech 
Republic. Vet Med 2010; 55: 119-24. 

Korzeniewska E, Harnisz M. Extended-
spectrum beta-lactamase (ESBL)-positive 
Enterobacteriaceae in municipal sewage 
and their emission to the environment. J 
Environ Manage 2013; 128: 904-11. 

Landers TF, Cohen B, Wittum TE, Larson EL. 
A review of antibiotic use in food animals: 
perspective, policy, and potential. Public 
Health Rep 2012; 127: 4-22. 

Lertworapreecha M, Sutthimusik S, Tontika-
pong K. Antimicrobial resistance in Salmo-
nella enterica isolated from pork, chicken, 
and vegetables in southern Thailand. 
Jundishapur J Microbiol 2013; 6: 36-41. 

McEwen SA. Quantitative human health risk 
assessments of antimicrobial use in ani-
mals and selection of resistance: a review 
of publicly available reports. Rev Sci Tech 
2012; 31: 261-76. 

O’Brien TF. Emergence, spread, and environ-
mental effect of antimicrobial resistance: 
How use of an antimicrobial anywhere 
can increase resistance to any antimicro-
bial anywhere else. Clin Infect Dis 2002; 
34: S78-84. 

Oluduro AO, Aregbesola OA, Fashina CD. 
Extended spectrum beta- lactamase- pro-
ducing uropathogenic Escherichia coli in 
pregnant women diagnosed with urinary 
tract infections in South-Western Nigeria. 
J Mol Biol Res 2014; 4: 34-41.

Padungtod P, Kaneene JB. Salmonella in food 
animals and humans in northern Thailand. 
Int J Food Microbiol 2006; 108: 346-54. 

Pulsrikarn C, Chaichana P, Pornruangwong 
S, Morita Y, Yamamoto S, Boonmar S. 
Serotype, antimicrobial susceptibility, and 
genotype of Salmonella isolates from swine 
and pork in Sa Kaew Province, Thailand. 
Thai J Vet Med 2012; 42: 21-7. 

Sanchez S, Hofacre CL, Lee MD, Maurer JJ, 
Doyle MP. Animal sources of salmonel-
losis in humans. J Am Vet Med Assoc 2002; 
221: 492-7. 

Sasaki T, Hirai I, Niki M, et al. High prevalence 
of CTX-M beta-lactamase-producing 
Enterobacteriaceae in stool specimens 
obtained from healthy individuals in 
Thailand. J Antimicrob Chemother 2010; 
65: 666-8. 

Sirichote P, Bangtrakulnonth A, Tianmanee K,  
et al. Serotypes and antimicrobial resis-
tance of Salmonella enterica sp in Central 
Thailand, 2001-2006. Southeast Asian J Trop 
Med Public Health 2010; 41: 1405-15. 

Sivula CP, Bogomolnaya LM, Andrews-



ESBL Salmonella enterica from food AnimALS

Vol  47  No. 6  November  2016 1269

Polymenis HL. A comparison of cecal 
colonization of Salmonella enterica serotype 
Typhimurium in white leghorn chicks and 
Salmonella-resistant mice. BMC Microbiol 
2008; 8: 182. 

Trung NV, Carrique-Mas JJ, Nghia NH, et al. 
Non-typhoidal Salmonella colonization 
in chickens and humans in the Mekong 
Delta of Vietnam. Zoonoses Public Health 
2016 May 6.doi:10.1111/zph.12270. 

Udomsantisuk N, Nunthapisud P, Tirawata-
napong T, Dansuputra M. Molecular 
characterization of extended spectrum 
beta-lactamase among clinical isolates 
Escherichia coli and Klebsiella pneumoniae. J 
Med Assoc Thai 2011; 94: 1504-12. 

Van Boeckel TP, Gandra S, Ashok A, et al. Global 
antibiotic consumption 2000 to 2010: an 
analysis of Cross Mark 742 national phar-
maceutical sales data. Lancet Infect Dis 
2014; 14: 742-50. 

Walker RA, Lindsay E, Woodward MJ, Ward 
LR, Threlfall EJ. Variation in clonality 
and antibiotic-resistance genes among 
multiresistant Salmonella enterica serotype  
Typhimurium phage-type U302 (MR 
U302) from humans, animals, and foods. 
Microb Drug Resist 2001; 7: 13-21. 

White DG, Zhao S, Sudler R, et al. The isolation 
of antibiotic-resistant Salmonella from 
retail ground meats. N Engl J Med 2001; 
345: 1147-54.


