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This study was conducted from August 2023 to August 2024 to evaluate the prevalence,
antimicrobial resistance patterns, and distribution of resistance genes in Escherichia coli
isolated from pork carcasses at slaughterhouses. A total of 96 pork carcass samples were
collected from 16 slaughterhouses located in four provinces of the Mekong Delta, including
Hau Giang, Kien Giang, Tra Vinh, and Ben Tre. The overall prevalence of E. coli was 30.21%.
Antimicrobial ~ susceptibility =~ testing  revealed  high  resistance  rates  to
sulfamethoxazole/trimethoprim (81.43%), amoxicillin (57.14%), and ampicillin (48.57%). In
contrast, resistance rates to amikacin, amoxicillin—clavulanic acid, cefaclor, cefuroxime,
enrofloxacin, and ofloxacin were all below 10%. Multidrug resistance was observed in 80% of
the isolates, with the most common resistance patterns involving resistance to three (22.86%)
or four (21.43%) antibiotics. Notably, 4.29% of the isolates exhibited resistance to seven or
eight antibiotics.

PCR analysis revealed the presence of several antimicrobial resistance genes, including
blaampC (42.86%), blaTEM (21.43%), blaCTX-M (4.29%), tetA (37.14%), gnrA (31.43%),
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sulll (30.00%), strA (27.14%), and catl (4.29%).

KEYWORDS: Escherichia coli, pork, slaughterhouse, Mekong Delta.

INTRODUCTION

Pork is a major source of animal protein in the Vietnamese
diet, particularly in the Mekong Delta region, where pig
production is highly developed. However, inadequate
hygiene during slaughtering and meat handling may result in
bacterial contamination, especially by Escherichia coli, a
common enteric pathogen with a high capacity for
antimicrobial resistance. Recent studies have reported
alarming levels of antimicrobial resistance in E. coli
associated with livestock production systems.

Specifically, Duy et al. (2021) reported that 81.1% of E. coli
isolates from pigs were multidrug-resistant, with nearly 100%
carrying resistance genes such as blaTEM, tetA, and strA. In
the Mekong Delta, Thong et al. (2022) documented resistance
rates of 83.5% to amoxicillin and 78.5% to ampicillin.
Meanwhile, Nguyen et al. (2021) detected colistin-resistant
E. coli in 66% of pork samples collected from traditional
markets, raising serious concerns due to the critical role of
colistin in treating multidrug-resistant infections. Hien et al.
(2023) further reported a high prevalence of E. coli
contamination in pork carcasses (50%) at slaughterhouses.

Despite these warnings, detailed information on the
prevalence and antimicrobial resistance characteristics of E.
coli at slaughterhouses in the Mekong Delta remains limited.
Therefore, this study aimed to determine the occurrence and
antimicrobial resistance profiles of E. coli isolated from pork
carcasses at selected slaughterhouses in the region, thereby
providing scientific evidence for food safety monitoring and
antimicrobial resistance control in pork production.

MATERIALS AND METHODS

2.1. Study subjects

The study was conducted on 96 pork carcass samples
collected from 16 slaughterhouses located in Hau Giang,
Kien Giang, Tra Vinh, and Ben Tre provinces.

2.2. Sample collection and bacterial isolation

Pork carcass samples were collected in accordance with the
Vietnamese National Technical Regulation QCVN 01-
04:2009/BNNPTNT on sampling and preservation of fresh
meat for microbiological examination. Isolation and
identification of E. coli were performed following the
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methods described by Barrow and Feltham (2003) and the
Vietnamese standard TCVN 8400-16:2011.

2.3. Antimicrobial susceptibility testing

All E. coli isolates were tested for susceptibility to 15
antimicrobial agents using the disk diffusion method on
Mueller—Hinton agar (MHA; Merck, Germany), following
the guidelines of Bauer et al. (1966). Results were interpreted
according to the Clinical and Laboratory Standards Institute
(CLSI, 2021). The tested antibiotics included amoxicillin,
amoxicillin—clavulanic ~ acid,  cefuroxime,  cefaclor,

gentamicin, streptomycin, kanamycin, amikacin,
enrofloxacin, florfenicol, ampicillin,
trimethoprim/sulfamethoxazole, colistin, ofloxacin, and

doxycycline.

2.4. Detection of antimicrobial resistance genes
Antimicrobial resistance genes were detected using
polymerase chain reaction (PCR). The nucleotide sequences
of primers used for amplification of resistance genes are
presented in Table 1.

Table 1: Primer pairs were designed based on the nucleotide sequences of antibiotic resistance genes

Antibiotic group  gene Primer nucleotide sequence Molecular References
(5’-3%) size (bp)
blaTEM-F ATTCTTGAAGACGAAAGGGC 1150 Jouini et al
blaTEM-R ACGCTCAGTGGAACGAAAAC (2007)
blaampC-F AATGGGTTTTCTACGGTCTG Caroff et al.
Beta-lactam 191
blaampC-R GGGCAGCAAATGTGGAGCAA (1999)
blaCTX-M F TTAGGAARTGTGGCTGAA 688 Dallenne et al.
blaCTX-M R CGATATCGTTGGTGGTTAT (2010)
Tetracyclin tetA-F GGTTCACTCGAACGACGTCA 577 Kurnia et al.
tetA-R CTGTGACAAGTTGCATGA (2018)
Quinolone gnrd-F AGAGGATTTCTCACGCCAGG 520 Cattoir et al.
gnrdA-R TGCCAGGCACAGATCTTGAC (2007)
Sulfamid sulll-F CGGCATCGTCAACATAACC 799 Gow et al
sulll-R GTGTGCGGATGAAGTCAG (2008)
Phenicol catl-F AGTTGCTCAATGTATATAACC 547 Santos et al.
catl-R TTGTAATTCATTAAGCATTCTGCC (2014)
Aminoglycosid strA-F CCTGGTGATAACGGCAATTC 546 Merkeviciene et
strA-R CCAATCGCAGATAGAAGGC al. (2022)

2.5. Data analysis

Raw data were processed using Microsoft Excel 2010. The
Chi-square test in Minitab version 16 was applied to compare
the prevalence of E. coli and antimicrobial resistance genes,
with statistical significance set at p < 0.05.

Table 2: Presence of Escherichia coli in carcasses

RESULTS AND DISCUSSION

3.1. Prevalence of Escherichia coli in pork carcasses

The prevalence of E. coli in 96 pork carcass samples collected
from slaughterhouses in the Mekong Delta is presented in
Table 2. Significant differences (p < 0.01) were observed
among provinces. Hau Giang exhibited the highest
prevalence (66.66%), followed by Kien Giang (29.17%),
whereas Tra Vinh and Ben Tre showed lower rates (12.50%).

Dia diém khao sat S6 miu khio sat (miu)

S6 méiu dwong tinh (miu)

Ty 1§ (%)

Hau Giang 24
Kien Giang 24
Tra Vinh 24
Ben Tre 24
P

Téng 96

16

W W

66,66
29,17
12,50°
12,50
<0,01
30,21

These differences likely reflect variations in hygiene
conditions,  slaughterhouse infrastructure, and the
effectiveness of veterinary supervision among localities.
Similar findings were reported by Phong et al. (2019), who

identified inadequate separation of clean and dirty areas and
the use of contaminated water as major sources of bacterial
contamination.
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The presence of E. coli on pork carcasses not only indicates
suboptimal hygienic conditions but also poses significant
public health risks when isolates carry antimicrobial
resistance genes. Therefore, routine microbiological
surveillance and strict quality control at slaughterhouses are
essential to ensure food safety.

Table 3: Antibiotic resistance of E. coli isolate

3.2. Antimicrobial resistance of E. coli isolates
Antimicrobial susceptibility testing (Table 3) showed high
resistance rates to sulfamethoxazole/trimethoprim (81.43%),
amoxicillin  (57.14%), and ampicillin (48.57%). These
findings are comparable to or higher than those reported in
previous domestic studies, reflecting the widespread and
prolonged use of broad-spectrum antibiotics in pig
production.

Antibiotic Numbef‘ . of Percentage Resistant strains Percentage
susceptible isolates

Amikacin 67 95,71 3 4,29
Gentamicin 51 72,86 19 27,14
Kanamycin 54 77,14 16 22,86
Streptomycin 44 62,86 26 37,68
Amoxicillin 30 42,86 40 57,14
Amoxicillin + acid clavulanic 65 92,86 5 7,14
Ampicillin 36 51,43 34 48,57
Cefaclor 65 92,86 5 7,14
Cefuroxime 66 94,29 5,71
Enrofloxacin 66 94,29 4 5,71
Ofloxacin 64 91,43 6 8,57
Florfenicol 45 64,29 25 35,71
Colistin 56 80,00 14 20,00
Doxycycline 62 88,57 8 11,43
Sul /trimethoprim 13 18,57 57 81,43

Although colistin has been banned for use in livestock
production in Vietnam since 2020, colistin-resistant isolates
were still detected, suggesting persistence from earlier usage
or incomplete enforcement of control measures. Conversely,
low resistance rates were observed for amikacin, amoxicillin—
clavulanic acid, second-generation cephalosporins, and
fluoroquinolones, indicating that these antibiotics remain
largely effective. Nevertheless, careful and rational use is
required to prevent the emergence of cross-resistance,
particularly for antimicrobials also used in human medicine.

Table 4: Prevalence of antibiotic resistance genes

3.3. Multidrug resistance patterns

Among the 70 E. coli isolates, 80% exhibited multidrug
resistance, defined as resistance to three or more antibiotics.
The most common resistance patterns involved resistance to
three (22.86%) and four (21.43%) antibiotics. Notably,
4.29% of isolates were resistant to seven or eight antibiotics,
indicating the presence of highly resistant strains. These
findings underscore the urgent need for stricter antimicrobial
stewardship in livestock production.

3.4. Distribution of antimicrobial resistance genes
PCR analysis revealed a high prevalence of antimicrobial
resistance genes among the isolates (Table 4).

Gene Surveyed strains Number of positive isolates Percentage
blaTEM 70 15 21,43
blaampC 70 30 42,86

bla CTX-M 70 3 4,29

tet4 70 26 37,14

gnrA 70 22 31,43

Sulii 70 21 30,00

catl 70 3 4,29

Strd 70 19 27,14
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The blaampC gene was the most frequently detected
(42.86%), followed by tetA (37.14%), qnrA

(31.43%), and sulll (30.00%). Although the prevalence of
bla<CTX-M was relatively low (4.29%), its presence remains
concerning due to its association with extended-spectrum -
lactamase (ESBL)-producing strains. The detection of catl, a
gene conferring resistance to a banned antibiotic, suggests
persistence or horizontal transfer of resistance genes within
the slaughterhouse environment.

CONCLUSION

The study demonstrated that Escherichia coli was present in
30.21% of pork carcass samples collected from
slaughterhouses in the Mekong Delta. The isolates exhibited
high resistance rates to sulfamethoxazole/trimethoprim,
amoxicillin, and ampicillin, with a high prevalence of
multidrug resistance (80%). Several antibiotics, including
amikacin, amoxicillin—clavulanic acid, cefaclor, cefuroxime,
enrofloxacin, and ofloxacin, remained effective, with
resistance rates below 10%.

PCR analysis confirmed the presence of all eight investigated
antimicrobial resistance genes among the isolates. These
findings highlight the need for continuous monitoring of
antimicrobial resistance and stricter control of antibiotic use
in pig production and slaughtering processes.
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