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Abstract
Enterococcus is a commensal bacteria found in humans and animals, which can cause human nosocomial infections. One of the most contaminated
enterococcal sources is poultry meat. Therefore, this study examined the prevalence and antimicrobial resistance (AMR) pro�le of Enterococcus from chickens
and their meat products at local slaughterhouses in Nakhon Ratchasima Province, Thailand. Between January 2021 and March 2022, 558 samples from 279
cloacal swabs and breast meat were collected from 31 local slaughterhouses. Then, the samples were screened for Enterococcus using modi�ed de Man,
Rogosa, and Sharpe agar. Next, selected Gram-positive, catalase-negative, and cocci-shaped colonies were investigated for enterococcal con�rmation using
Enterococcosel Agar. However, the disk diffusion method investigated positive Enterococcus resistance pro�les to 16 antimicrobial agents. Finally, selected
phenotypic multidrug-resistant (MDR) Enterococcus isolates were further assessed to identify AMR genes by polymerase chain reaction. Investigations
showed that although the prevalence of Enterococcus isolates from the chicken cloacal swabs and meat samples was 28.85% (161/558),
most Enterococcus isolates were resistant to colistin, followed by cefoxitin, cephalexin, and streptomycin. These isolates also showed MDR prevalence
(65.22%; 105/161) and 66 patterns. Furthermore, selected MDR Enterococcus (MDRE) from cloacal swabs and meat were positive for the resistant extended-
spectrum beta-lactamase TEM (ESBL-TEM) genes at 71.43% (20/28) and 78.26% (18/23), respectively, whereas other AMR genes detected in the selected
MDR enterococci from the cloacal swabs and meat were beta-lactamase TEM [blaTEM (0%, 1.96%)], class 1 integrase [intI1 (14.28%, 0%)], colistin [mrc–
1 (3.57%, 0%)], and vancomycin [vanA (14.28%, 0%)]. This study indicated that phenotypic MDRE correlated with ESBL-TEM gene presence, leading to an AMR
reservoir that can be transferred to other bacteria. 

Introduction
Poultry meat is popularly consumed and easily distributed in the Thai market. Hence, Thailand has become the fourth country to distributing processed
chicken meat to world chicken exports in 2022. Frozen meat has also been sixth-ranked among world chicken exporters (Department of Trade Negotiation,
Ministry of Commerce, Thailand 2022). Speci�cally, Nakhon Ratchasima Province is one of the three provinces with the highest broiler production in Thailand.

    Poultry and poultry products have been proposed as a primary source of bacterial contamination, especially from the poultry farm or during slaughtering,
causing human foodborne illness via consumed meat. Additionally, antibiotic-resistant bacteria could remain in the human body via food, posing a public
health concern worldwide because of their problematic treatment. Besides, previous Thai studies have reported the presence of antibiotic-resistant phenotypic
and genotypic Enterobacteriaceae isolates in chicken feces and meat. However, Enterococcus isolates’ prevalence, including their phenotypic and genotypic
antimicrobial resistance (AMR) remains unknown.  

    Antimicrobial-multidrug-resistant (MDR) bacteria, which is the resistance to at least three antimicrobial classes, leads to more AMR bacteria outbreaks
worldwide. Most AMR genes (AMRGs) and genetic elements found in pathogenic Enterobacteriaceae are extended-spectrum beta-lactamase (ESBL), beta-
lactamase (bla), class 1 integrase (intI1), and colistin (CT; mcr-1). Although the ESBL-encoding gene, particularly TEM, has frequently been detected in
chickens and chicken meat worldwide (Antunes et al. 2016), class 1 integron has been identi�ed as the most common resistance integron. This integron
comprises gene cassettes of distributed AMR in most in Gram-negative enteric bacteria, which majorly in�uences the antimicrobial and MDR nature of many
bacterial species (Guran et al. 2020). However, these genes have not been fully addressed in commensal bacteria. 

    Enterococcus species (Enterococcus spp.) are commensal and opportunistic pathogenic bacteria that serve as probiotics in humans and animals. For
example, vancomycin (VA)-resistant enterococci (VRE) is commonly caused by nosocomial infections, such as urinary tract infections, wound infections, and
endocarditis (Thongkoom et al. 2012). The three most common variants of VA resistance genes in Enterococcus, including vanA, vanB, and vanC, have been
reported (Ahmed and Baptiste 2018; Nilsson 2012; Wist et al. 2020). Furthermore, Enterococcus is a high probability of exposure to many antibiotics, making it
an indicator bacteria widely used for AMR monitoring (Beloeil et al. 2019). Therefore, this study determined Enterococcus isolates for resistance to 8
antimicrobial classes. Then, we compared the incidence of MDR and their AMRGs from bacteria-isolated chicken and chicken products at local poultry
slaughterhouses in Nakhon Ratchasima Province, Thailand.

Materials And Methods
Study period, area, and population

First, 558 samples (279 chicken cloacal swabs and 279 chicken breast meat) were collected from 31 local poultry slaughterhouses (18 samples from each
slaughterhouse), which supplied slaughtered chicken samples from 50 farms in Nakhon Ratchasima Province, Thailand, between January 2021 and March
2022. The chicken-type samples varied, comprising broilers (432 samples), indigenous chickens (90 samples), and spent laying hens (36 samples). The
samples (pre-and post-slaughtered chicken) were kept at 4°C and transferred to a microbiology laboratory at the Department of Veterinary Public Health,
Faculty of Veterinary Medicine, Khon Kaen University, Thailand, within 24 h, for microbiological investigations. 

 

Isolation and con�rmation of enterococci

The samples were cultivated using as lactic acid bacteria isolation according to Sornplang et al. (2016). Brie�y, all cloacal swab samples (approximately 1 g
of intestinal contents) were �rst placed into a sterile tube to prepare a 10-fold serial dilution (to 10-4 concentration) using 10 mL buffered peptone water (BPW;
Oxoid, Hampshire, England). Then, 25 g of chicken breast was diluted with 225-mL BPW and mixed using a stomacher for 3 min at 25°C, after which, we also
subjected this sample to a 10-fold serial dilution (to 10-4 concentration) with BPW. Subsequently, 1 mL of the 10-4 dilution was pipetted on sterile plates. Then,
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de Man, Rogosa, and Sharpe (MRS) agar (Difco, Sparks, MD, USA) with the modi�cation of adding 0.4 % (w/v) CaCO3 was poured onto the plates. Finally, the
Petri plates were incubated in 5% CO2 for 48 h at 37°C.

    One selected positive colony of Enterococcus spp. from each collected sample was con�rmed via Gram staining and using catalase test and
Enterococcosel Agar (BD, Heidelberg, Germany). Alternatively, Enterococcus faecalis (ATCC 29212), which grew on the medium as beige-colored, intense-black
halo colonies, was used as a positive control (Erbas et al. 2016).

  

Antimicrobial susceptibility test 

    The Enterococcus-positive samples were tested for antimicrobial susceptibility using the Kirby–Bauer disk diffusion method (Bauer et al. 1966). Then, the
antimicrobial susceptibility of the Enterococcus isolates was interpreted using the Clinical and Laboratory Standards Institute guideline (CLSI 2017).
Subsequently, we chose 16 antimicrobial agents with various antibacterial activities in eight different antibiotic classes, commonly used to treat infections in
humans and animals, including aminoglycoside [neomycin (N, 30μg) and streptomycin (S, 10μg)], beta-lactam (cephalosporin and penicillin) [cephalexin (CL,
30μg), cefepime (FEP, 30μg), cefotaxime (CTX, 30μg), cefoxitin (FOX, 30μg), amoxicillin (AML, 10μg), and ampicillin (AMP, 10μg)], chloramphenicol
[chloramphenicol (C, 30μg)], �uoroquinolone [enro�oxacin (ENR, 5μg)], macrolide [erythromycin (E, 15 μg)], peptide [CT, (10μg) and VA, (30μg)], sulfonamide
[sulphamethoxazole/trimethoprim (19:1) (SXT, 25μg)], and tetracycline classes [doxycycline (DO, 30μg) and oxytetracycline (OT, 30μg)], for investigations. All
antimicrobial disks were obtained from Oxoid (Oxoid, Hampshire, England).  

 

Preparation of bacterial inoculum

A selected Enterococcus colony was suspended in 2 mL 0.85% (w/v) normal saline. Then, the inoculum was adjusted to a turbidity equivalent to that of a 0.5
McFarland standard (1.5 ´ 108 CFU/mL). Next, the inoculum was dipped using a sterile cotton swab and swabbed onto Mueller-Hinton agar plate on over the
plates, followed by inoculation of plates and incubation under aerobic conditions, at 5% CO2, and 37°C for 48 h. Escherichia coli ATCC25922 was used as the
reference strain.

 

Primers used and polymerase chain reaction (PCR) conditions

Phenotypic MDRE isolates were further investigated for the presence of �ve AMRGs: ESBL-TEM, blaTEM, intI1, mrc-1, and vanA. These genes were commonly
found in pathogenic bacteria. The gene primers and PCR conditions used in this study were listed in Table 1.

Table 1   The five-gene specific primers used in this study
Gene Sequence (5' to 3')

(F = forward, R = reverse)
Annealing
temperature (°C)

Amplicon
size (bp)

References

ESBL–TEM  F-TTTCGTGTCGCCCTTATTCC 50 404 (Hassan et al. 2013)
ESBL-TEM  R -ATCGTTGTCAGAAGTAAGTTGG 50 404 (Hassan et al. 2013)
blaTEM  F-CATTTCCGTGTCGCCCTTAT 55 793 (Hassan et al. 2013)

blaTEM  R-TCCATAGTTGCCTGACTCCC 55 793 (Hassan et al. 2013)

intI1 F- GGGTCAAGGATCTGGATTTCG 62 483 (Lapierre et al. 2020)
intI1 R-ACATGGGTGTAAATCATCGTC 62 483 (Lapierre et al. 2020)
mrc–1 F-AGTCCGTTTGTTCTTGTGGC 58 320 (Lapierre et al. 2020)
mrc–1 R-AGATCCTTGGTCTCGGCTTG 58 320 (Lapierre et al. 2020)
vanA  F-GGGAAAACGACAATTGC 54 723 (Shahraki and  Rabi Nezhad Mousavi 2017)
vanA  R-GTACAATGCGGCCGTTA 57 723 (Shahraki and Rabi Nezhad Mousavi 2017)

Statistical analysis 

MDR pattern is described as resistance to antibiotics in a minimum of three antimicrobial classes. First, positive Enterococcus isolates from chicken cloacal
swabs, chicken breast meat, and phenotypic/genotypic AMR pro�les were reported in percentages. Then, the chi-square test was used to test the relationship
between the diverse prevalence of chicken cloacal swabs and chicken breast meat samples in Enterococcus isolates and their phenotypic/genotypic AMR
pro�les. Finally, statistical analyses were performed using SPSS (v. 16.0; SPSS Inc., Chicago, IL, USA), and we considered the signi�cant difference to be at P <
0.05.

Results
Prevalence of the Enterococcus spp.
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Of the 558 samples investigated, 161 were Enterococcus positive. The prevalence rates of Enterococcus isolates from the cloacal swab and meat samples
were 29.75% (83/279) and 27.95% (78/279), respectively. However, this prevalence was not signi�cantly difference (P > 0.05). 

Phenotypic AMR pro�les of the Enterococcus spp. 

Most of the Enterococcus spp. isolated from the cloacal swabs and breast meat samples were resistant to CL (81.93%, 83.33%), CT (98.80%, 97.44%), FOX
(83.13%, 85.90%), and S (65.06%, 55.13%). Speci�cally, all Enterococcus spp. isolated from chicken breast meat were sensitive to AMP, some were sensitive to
nine antimicrobial agents (AML, C, VA, ENR, N, SXT, DO, OT, and E) at a prevalence rates of 88.46%–98.72% (Table 2). Contrastingly, the AMR prevalence rate
of Enterococcus spp. isolated from cloacal swabs,  which were resistant to �ve antibiotics (CTX, E, ENR, FEP, and S), was signi�cantly higher than
those isolated from the breast meat (P < 0.05).

Table 2  Phenotypic antimicrobial-resistant  Enterococcus  isolated from chickens at local slaughterhouses in Nakhon Ratchasima

Province, Thailand.

Sample AMRa (no. of isolates) to antimicrobial agents (%)

AML MP C CL CT CTX DO E ENR FEP FOX N OT S SXT VA

Cloacal swab 7.23

(6/83)

2.41

(2/83)

1.20

(1/83)

81.93

(68/83)

98.80

(82/83)

37.35

(31/83)

6.02

(5/83)

18.07

(15/83)

12.05

(10/83)

39.76

(33/83)

83.13

(69/83)

14.46

(12/83)

33.73

(28/83)

65.06

(54/83)

15.66

(13/83)

15.66

(13/83)

Breast meat 1.28

(1/78)

0 (0) 1.28

(1/78)

83.33

(65/78)

97.44

(76/78)

21.79

(17/78)

6.41

(5/78)

5.13

(4/78)

2.56

(2/78)

24.36

(19/78)

85.90

(67/78)

7.69

(6/78)

11.54

(9/78)

55.13

(43/78)

6.41

(5/78)

7.69

(6/78)

P value 0.118 - 1.000 0.814 0.611 0.031* 1.000 0.011* 0.022* 0.022* 0.628 0.215 0.001* 0.198 0.081 0.145

Antimicrobial agents: AML, amoxicillin; AMP, ampicillin; C, chloramphenicol; CL, cephalexin; CT, colistin; CTX, cefotaxime; DO, doxycycline; E,

erythromycin; ENR, enrofloxacin; FEP, cefepime; FOX,  cefoxitin; N, neomycin; OT, oxytetracycline; S,  streptomycin; SXT,

sulphamethoxazole+trimethoprim; VA, vancomycin 

aAntimicrobial resistance

*The AMR profile between cloacal swabs and breast meat samples was significantly different (p < 0.05).  

  Table 3 shows the prevalence rates of phenotypic AMR pro�le of the Enterococcus isolates. Of the 161 isolates, 105 were MDRE. We also observed that the
MDRE from chicken cloacal swabs (61/105) was signi�cantly higher than that from chicken breast meat (44/105) (P = 0.023), it was resistant to 3–12
antimicrobial agents in 3–7 antimicrobial classes. Moreover, the MDRE pattern of Enterococcus isolates from cloacal swabs, and breast meat was 44 and 22
patterns, respectively. 

Table 3  Chicken cloacal swabs and meat AMRa-Enterococcus profiles from local slaughterhouses in Nakhon Ratchasima Province,
Thailand

Sample No. of AMb No. of AM classes Resistance phenotypic profiles No. of isolates (%) p valuec

Breast meat 2 1 CL-FOX 1 (0.62) -

Cloacal swab 2 2 CT-FOX 1 (0.62) -

Breast meat 2 2 CT-S 3 (1.86) -

Breast meat 3 2 CL-CT-CTX 1 (0.62) -

Cloacal swab 3 2 CT-CTX-FOX 1 (0.62) -

Cloacal swab

Breast meat

3

3

2

2

CL-CT-FOX

CL-CT-FOX

14 (8.69)

18 (11.18)

0.553

Cloacal swab

Breast meat

3

3

2

2

CT-FEP-FOX

CT-FEP-FOX

1 (0.62)

1 (0.62)

1.000

Cloacal swab 4 2 CL-CT-AML-FOX 1 (0.62) -
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Table 3 (continued)

Sample No. of AMb No. of AM classes Resistance phenotypic profile No. of isolates (%)  p valuec

Cloacal swab

Breast meat

4

4

2

2

CL-CT-CTX-FOX

CL-CT-CTX-FOX

1 (0.62)

1 (0.62)

1.000

Cloacal swab

Breast meat

4

4

2

2

CL-CT-FEP-FOX

CL-CT-FEP-FOX

2 (1.24)

5 (3.10)

0.025*

Breast meat 4 2 CL-CT-FOX-VA 1 (0.62) -

Cloacal swab

Breast meat

5

5

2

2

CL-CT-CTX-FEP-FOX

CL-CT-CTX-FEP-FOX

1 (0.62)

2 (1.24)

0.611

Cloacal swab 3 3 CL-SXT-VA 1 (0.62) -

Cloacal swab 3 3 CT-E-S 1 (0.62) -

Cloacal swab

Breast meat

3

3

3

3

CT-FOX-S

CT-FOX-S

4 (2.48)

2 (1.24)

0.682

Cloacal swab

Breast meat

4

4

3

3

CL-CT-FOX-S

CL-CT-FOX-S

9 (5.59)

            19 (11.80)

0.024*

Cloacal swab 4 3 CL-CT-FOX-OT 1 (0.62) -

Cloacal swab 4 3 CL-CT-CTX -N 1 (0.62) -

Breast meat 4 3 CL-CT-CTX-DO 1 (0.62) -

Breast meat 4 3 CL-CT-DO-OT 1 (0.62) -

Breast meat 4 3 CT-CTX-FOX-OT 1 (0.62) -

Bloacal swab 4 3 CT- FEP-FOX-S 1 (0.62) -

Breast meat 5 3 CL-CT-CTX-FOX-N 1 (0.62) -
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Table 3 (continued)

Sample No. of AMb No. of AM classes Resistance phenotypic profile No. of isolates (%) p valuec

Cloacal swab 5 3 CL-CT-CTX-FOX-S 1 (0.62) -

Breast meat 5 3 CL-CT-CTX-FOX-SXT 1 (0.62) -

Cloacal swab 5 3 CL-CT-FEP-FOX-S 3 (1.86) -

Cloacal swab 5 3 CL- CT-CTX-FOX-OT 1 (0.62) -

Cloacal swab 6 3 CL-CT-CTX-FEP-FOX-S 1 (0.62) -

Breast meat 6 3 FEP-FOX-CT-N-S-VA 1 (0.62) -

Cloacal swab 7 3 CL-CT-CTX-FEP-FOX-SXT-VA 1 (0.62) -

Cloacal swab 7 3 CL-CT-FEP-FOX-N-S-VA 1 (0.62) -

Cloacal swab

Breast meat

8

8

3

3

CL-CT-CTX-FOX-FEP-N-S-VA

CL-CT-CTX-FOX-FEP-N-S-VA

2 (1.24)

2 (1.24)

1.000

Cloacal swab 4 4 CT-FOX-OT-S 2 (1.24) -

Breast meat 4 4 CT-E-FOX-S 1 (0.62) -

Breast meat 4 4 CT-CTX-DO-S 1 (0.62) -

Breast meat 4 4 CT- E-OT-S 1 (0.62) -

Breast meat 5 4 CL-CT-FOX-S-SXT 1 (0.62) -

Cloacal swab 5 4 CL-CT-CTX-OT-S 1 (0.62) -

Cloacal swab

breast meat

5

5

4

4

CL-CT-FOX-OT-S

CL-CT-FOX-OT-S

1 (0.62)

1 (0.62)

-

Cloacal swab 5 4 CT- DO-FOX-S-OT 1 (0.62) -

Breast meat 5 4 CT-CTX-FEP-S-SXT 2 (1.24) -

Breast meat 6 4 CL-CT-FEP-FOX-S-SXT 1 (0.62) -
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Table 3 (continued)

Sample No. of AMb No. of AM classes Resistance phenotypic profile No. of isolates (%)  p valuec

Cloacal swab 6 4 CL-CT-CTX-FEP-S-SXT 1 (0.62) -

Breast meat 6 4 CL-CTX-CT-FEP-OT-S 3 (1.86) -

Cloacal swab 6 4 CL-CT-FOX-N-OT-S 1 (0.62) -

Cloacal swab 6 4 CT-FOX-ENR-OT-S-VA 1 (0.62) -

Cloacal swab 7 4 AML-CL-CT-CTX-FEP-S-VA 1 (0.62) -

Breast meat 7 4 CL-CT-CTX-FEP-FOX-OT-S 2 (1.24) -

Breast meat 7 4 CL-CT-DO-FEP-FOX-OT-S 1 (0.62) -

Cloacal swab 7 4 CT-CTX-FEP-FOX-N-OT-S 1 (0.62) -

Cloacal swab 8 4 AML-AMP-CL-CT-CTX-E-FOX-S 1 (0.62) -

Cloacal swab 8 4 CL- CT-CTX-DO-FEP-FOX-OT-S 1 (0.62) -

Breast meat 9 4 AML-CT-CTX-DO-E-FEP-FOX-OT-S 1 (0.62) -

Cloacal swab

breast meat

9

9

4

4

CL-CT-CTX-ENR-FEP-FOX-N-S-VA

CL-CT-CTX-ENR-FEP-FOX-N-S-VA

1 (0.62)

1 (0.62)

-

Cloacal swab 5 5 CT-E-OT-S-SXT 1 (0.62) -

Cloacal swab 7 5 CL-CT-E-FOX-FEP-OT-SXT 1 (0.62) -

Cloacal swab 7 5 CL-CT-CTX-FEP-OT-S-SXT 1 (0.62) -

Cloacal swab 7 5 CL-CT-CTX-E-FOX-OT-S 1 (0.62) -

Breast meat 7 5 CL-CT-CTX-ENR-S-SXT-VA 1 (0.62) -

Cloacal swab 8 5 CL- CT-CTX-E-FEP-FOX-OT-S 1 (0.62) -

Cloacal swab 9 5 AML-CL-CT-ENR-FEP-OT-S-SXT-VA 1 (0.62) -

Cloacal swab 9 5 CL-CT-CTX-ENR-FEP-FOX-S-SXT-VA 1 (0.62) -
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Table 3 (continued)

Sample No. of AMb No. of AM classes Resistance phenotypic profile No. of isolates (%)  p valuec

Cloacal swab 11 5 AML-AMP-C-CL-CT-CTX-E-ENR-FEP-FOX-VA 1 (0.62) -

Cloacal swab 8 6 CL-CT-E-FOX-N-OT-S-SXT 1 (0.62) -

Cloacal swab 9 6 CL-CT-CTX-E-FEP-FOX-OT-S-SXT 1 (0.62) -

Cloacal swab 9 6 CL-CT-CTX-E FOX-N-OT-S-SXT 1 (0.62) -

Breast meat 9 6 C-CL-CT-E-FEP-FOX-N-OT-S 1 (0.62) -

Cloacal swab 10 6 AML-CL-CT-CTX-E-ENR-FEP-N-OT-S 1 (0.62) -

Cloacal swab 10 6 CL-CT-DO-E-ENR-FEP-FOX-N-S-VA 1 (0.62) -

Cloacal swab 12 6 CL-CT-CTX-DO-E-ENR-FEP-FOX-N-OT-S-VA 1 (0.62) -

Cloacal swab 8 7 CL-CT- DO-E-ENR-OT-S-SXT 1 (0.62) -

Cloacal swab 10 7 CL-CT-CTX-E-ENR-FEP-FOX-OT-S-SXT 1 (0.62) -

Total MDREd isolates from cloacal swab samples 61 (37.89) 0.023*

Total MDRE isolates from breast meat samples 44 (27.33)  

Antimicrobial agents: AML, amoxicillin; AMP, ampicillin; C, chloramphenicol; CL, cephalexin; CT, colistin; CTX, cefotaxime; DO, doxycycline; E,

erythromycin; ENR, enrofloxacin; FEP, cefepime; FOX,  cefoxitin; N, neomycin; OT, oxytetracycline; S,  streptomycin; SXT,

sulphamethoxazole+trimethoprim; VA, vancomycin 

aAMR, antimicrobial resistance

bAM, antimicrobial

cThe statistical significance level was set at 95% confidence. The AMR profile was compared if Enterococcus  was detected in both

cloacal swab and breast meat samples using the chi-square test.

dMultidrug-resistant Enterococcus 

*Prevalence of AMR profile between cloacal swab and breast meat samples was significantly difference (p < 0.05).

Subsequently, 51 of the 105 MDRE isolates sampled from both cloacal swabs and breast meat samples of all 31 slaughterhouses were tested for 5 AMRGs
(Table 4). The selected phenotypic MDRE isolates showed resistance to beta-lactam, CL, and VA antibiotics, associated with genotypic ESBL-TEM, blaTEM,
mrc–1, and vanA resistance genes. Besides, the highest AMRG found in both cloacal swab and breast meat samples was ESBL–TEM, at prevalence rates of
71.43% (20/28) and 78.26% (18/23), respectively, and the other three AMRGs detected in the cloacal swab samples were intI1, vanA, and mrc–1, at prevalence
rates of 14.28% (4/28), 14.28% (4/28), and 3.57% (1/28), respectively. Results also showed that although the only isolate from breast meat samples contained
blaTEM (1.96%), intI1, mrc–1, and vanA were absent from the breast meat samples.  

Table 4 Detection of the five AMRGsa of selected phenotypic MDREb isolates from slaughterhouses in Nakhon Ratchasima Province,

Thailand

Sample Percentage of selected MDRE isolates associated with AMRGs

  ESBL-TEM blaTEM intI1 mrc–1 vanA

Cloacal swab 71.43 (20/28) 0 (0/28) 14.28 (4/28) 3.57 (1/28) 14.28 (4/28)

Breast meat 78.26 (18/23) 4.35 (1/23) 0 (0/23) 0 (0/23) 0 (0/23)

aAntimicrobial resistance genes
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bMultidrug-resistant Enterococcus  

Discussion
The prevalence of Enterococcus isolates has been reported in humans, animals, and the environment. Speci�cally, most Enterococcus isolates in humans are
observed in patients admitted to hospitals, whereas those in animals are in food-producing species and their products. In contrast, those in the environment
are related to farming food-producing animals and hospital environments. Therefore, based on this study’s background, the prevalence of Enterococcus
isolates from cloacal swabs and meat samples of chickens at all local poultry slaughterhouses in Nakhon Ratchasima Province was investigated. Results
showed that their prevalence rates were 29.75% and 27.95%, respectively. Studies reported the prevalence of Enterococcus spp. in broiler meat and water used
for broiler farming in Thailand at 25.1% and 17.2%, respectively (Tansuphasiri et al. 2006). However, the Enterococcus isolate prevalences of chicken feces
from six provinces in three Thai regions were reported to be 18.67% (Pongparit et al. 2017). These results presented a lower prevalence rate than those of our
study (29.75%), which may be because the study reported only two Enterococcus species, E. faecalis and E. faecium. Additionally, a study from Southeast
Asian countries (Thailand, Vietnam, and Indonesia) reported high prevalences of Enterococcus isolates from chicken feces (86.34%) (Usui et al. 2014) which
may be due to contamination of the environment via wastewater from both hospital and animal farming wastes (Daniel et al. 2015; Lawpidet et al. 2021).
Moreover, our study sampled various chicken types (indigenous, broilers, and laying hens) and yielded different results. 

    Results also showed that the prevalence rate of phenotypic AMR species of Enterococcus isolates from both live chicken and meat samples at the
slaughterhouse was 55.13%–98.80% and was highly resistant to S, CL, FOX, and CT (Table 2). As observed, Enterococcus isolates from chicken meat showed
higher CL and FOX resistance than those from chicken feces but were not signi�cantly different (P = 0.814, P = 0.628), suggesting that the increasing
resistance of Enterococcus isolates came from increased environmental contamination during slaughtering. This result was similar to that of de Jong et
al. 2018). Resistance to this study’s third and fourth generations of beta-lactam cephalosporin antibiotics (CTX and FEP) indicates an MDR trend in
Enterococcus isolates, which agrees with recent studies concerning antibiotic-resistant-bacteria worldwide. Furthermore, we observed a high prevalence rate of
ESBL-TEM-resistant genes from both chickens (71.73%) and meat (78.26%) of the Enterococcus isolates (Table 4), supporting the high MDRE isolates in this
study. 

    First to third-generation cephalosporins have been used as a drug of choice to treat Gram-negative bacterial infections, such as human salmonellosis,
for > 30 years. However, cephalosporin resistance can come from overuse/misuse in Thai food-producing animals (Sivaraman and Yann 2018). Additionally,
cephalosporins can produce mutant enzymes, such as TEM or SHV, via their plasmids (Li et al. 2007). Enterococcus have a natural resistance to beta-lactam,
which possesses low-a�nity penicillin-binding proteins and low-level aminoglycoside antibiotics. However, acquired resistance to beta-lactam via penicillinase
production and high-level aminoglycoside (gentamicin) production has been reported (Hollenbeck and Rice 2012). Extended-spectrum cephalosporins (e.g., at
least third generation) lead to acquired resistance mediated by AmpC beta-lactamases and extended-spectrum beta-lactam (ESBL)-encoding genes (e.g., TEM,
SHV derivative, and CTX-M family), have also been reported in Gram-negative pathogens (Hassan et al. 2013; Savin et al. 2021). However, little is known about
commensal Gram-positive bacteria, such as enterococci. Our study showed that the prevalence of MDRE resistant to at least one of the third (CTX) and fourth-
generation (FEP) cephalosporins was 50.48% (53/105). Additionally, we observed a positive ESBL-TEM gene from phenotypic MDRE at prevalence rate of
74.51% (38/51). This result indicated that the positive correlation between MDR with CTX/FEP-resistant Enterococcus isolates and acquired ESBL-TEM-
resistant genes in enterococci leads them to act as resistant gene reservoirs for bacterial transfer.    

    Alternatively, although CT use in Thai animal feeds has only been allowed for short-term treatment and has been prohibited in animal feeds since
2019 (DLD, 2019), it is continued to be used to treat severe Gram-negative bacterial infection in humans, such as carbapenemase-producing
Enterobacteriaceae. International organizations like FAO and CODEX have recently been concerned with incorporating the mcr–1 gene (a Gram-negative
bacterial gene) into human and veterinary disease treatments to make them pan-drug resistant, as reviewed by Gharaibeh and Shatnawi (2019). Here, we
observed that although most Enterococcus isolates showed intrinsic resistance to CT with a prevalence of 98.1% (158/161), one Enterococcus isolate had the
mcr–1 gene, serving as a gene reservoir for bacterial transfer.

    The prevalence rate of S resistance of Enterococcus (SRE) isolates in this study (60.1%) was consistent with that recorded in other studies, which reported
that SRE isolated from broiler chicken feces was 63.5%–69.5% in Taiwan (Lauderdale et al. 2007) and 78.6% in Vietnam (Usui et al. 2014). These �ndings
also support the natural resistance of Enterococcus spp. to aminoglycosides, which was similar to those of previous studies (Palma et al. 2020; Raza et al.
2018). Nevertheless, our study was inconsistent with a report, which showed 25.22% of S-resistant Enterococcus isolates from chicken feces in six Thai
provinces (Pongparit et al. 2017). 

    In this study, the prevalence of MDRE isolates resistant to several (3–12) antibiotics was 65.22% (105/161). Our result agrees with that of Desire et al.
(2022), who reported an MDRE prevalence in laying hens of 73.17% (30/40), with the number of antibiotics ranging from three to eight. Also, compared
with those in the aforementioned study, we observed that various MDRE patterns in our study were more signi�cant (66 vs 32 patterns), con�rming the
possibility of Enterococcus spp. as AMR reservoirs for bacterial transfer. 

    Vancomycin-resistant enterococci (VRE), particularly E. faecium, causes dominant nosocomial infection in humans (Ahmed and Baptiste 2018). It has also
been reported that animal farming can serve as a source of VRE due to the use of avoparcin as an antibiotic or for growth promotion. Avoparcin, a
glycopeptide analog of VA, is related to the high prevalence of VRE in food animals; thus, its resistance genes can be transferred to humans. Although the EU
(completely banned in 2006) and many countries worldwide have banned antimicrobial growth promoters, the persistence of VRE in animal husbandry
remains detected because its ability to maintain viability for a long time. Additionally, VRE can be transferred to hospitalized patients or hospital environments,
via animal wastewater (Gotkowska-Płachta 2021). Moreover, the transferable VRE genes from humans to poultry via transposons have been reported by van
den Bogaard et al. (2002), the vanA gene could in turn, transfer most genes from poultry to human enterococci (Lester et al. 2006). Alternatively, the prevalence
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rates of VRE isolates have been reported heterogeneously from country to country, including in Italy, where the of Enterococcus isolates from humans, cats,
and dog feces resistant to VA were 0%, 23.6%, and 6.2%, respectively (Iseppi et al. 2020), in Ethiopia, the pooled prevalence of VRE isolated from patients in
hospitals was 16.9% (Melese et al. 2020), whereas the prevalence of those from broiler chicken feces sampled between 2000 and 2003 in Taiwan was 1.85%–
8.55% (Lauderdale et al. 2007). Additionally, VRE have also been reported from hospital wastewater samples, such as 36% in Sweden (Iversen et al.
2002). Since the Thai government banned avoparcin in animal feed in July 1998, studies have reported low prevalence rates ranging from 0%–10.3% of VRE
in Thai food animals (Pongparit et al. 2017; Tansuphasiri et al. 2006), similar to those recorded in this study. Although this study recorded a phenotypic VRE
prevalence of 15.66% (13/83) and 7.69% (6/78) in fecal and meat samples, respectively, only 4 of 28 phenotypic MRDE isolates from chicken feces were
positive for the vanA gene, indicating a low risk for vanA emergence in chickens and high safety of chicken meat to consumers in Nakhon Ratchasima
Province, Thailand.   

Conclusions
    This study indicated that chicken meat from local poultry slaughterhouses in Nakhon Ratchasima Province, Thailand, had low VRE infection risks. However,
high prevalence of MDRE isolates in this study remains a public health concern. Hence, AMR surveillance in poultry meat production should be considered,
including adopting effective biosafety and biosecurity systems for animal food products, such as good sanitation for poultry farming and slaughtering.

Declarations
Acknowledgements The authors thank the Division of Veterinary Public Health, Faculty of Veterinary Medicine, Khon Kaen University, Thailand, for
microbiological facilities. 

 

Author contribution This study was conceptualized and designed by PS and PN. PN, CN, TS, and SL contributed to sample collection, microbiological
culturing, and PCR running. PS and PN performed statistical analyses. PN drafted the manuscript, and PS revised it. All authors have reviewed and approved
the �nal manuscript.            

 

Funding The authors thank the Faculty of Veterinary Medicine, Khon Kaen University, Thailand, for the research funding (Grant No. VM021/2565). The authors
also thank the PhD—scholarship for Chalermprakiat's 70 years of the reign at Agricultural Research Development Agency, Thailand.

 
Ethics approval The use of animals in this study was approved under the permissions and guidelines of the Institutional Animal Care and Use Committee of
Khon Kaen University, Thailand (permission record no. IACUC-KKU-79/64).

 

Competing interests The authors declare that they have no competing interests.

References
Ahmed, MO., and Baptiste KE., 2018. Vancomycin-resistant enterococci: A review of antimicrobial resistance mechanisms and perspectives of human and
animal health. Microbial Drug Resistance 24:590-606. https://doi:10.1089/mdr.2017.0147

Antunes, P., Mourão J., Campos J., and Peixe L., 2016. Salmonellosis: the role of poultry meat. Clinical Microbiology and Infection 22:110-121.
https://doi:10.1016/j.cmi.2015.12.004

Bauer, AW., Kirby WM., Sherris JC., and Turck M.. 1966. Antibiotic susceptibility testing

           by a standardized single disk method. American Journal of Clinical Pathology 45:493-

           496.

Beloeil, PA., Guerra B., and Stoicescu, AV., 2019. Manual for reporting on antimicrobial resistance within the framework of Directive 2003/99/EC and Decision
2013/652/EU for information derived from the year 2018. EFSA Supporting Publications 16:1559E. https://doi:10.2903/sp.efsa.2019.EN-1559

CLSI., 2017. Performance standards for antimicrobial susceptibility testing. 27th ed. Clinical and Laboratory Standards Institute.

Daniel, DS., Lee, SM., Dykes, GA., and Rahman, S., 2015. Public health risks of multiple-drug-resistant Enterococcus spp. in Southeast Asia. Applied and
Environmental Microbiology 81:6090-6097. https://doi:10.1128/AEM.01741-15

de Jong, A., Simjee, S., Garch, FE., Moyaert, H., Rose, M., Youala, M., and Dry, M., 2018 Antimicrobial susceptibility of enterococci recovered from healthy cattle,
pigs and chickens in nine EU countries (EASSA Study) to critically important antibiotics. Veterinary Microbiology 216:168-175.
https://doi:10.1016/j.vetmic.2018.02.010



Page 11/12

Department of Trade Negotiation, Ministry of Commerce, Thailand., 2022. Thailand’s 

chicken export situation and the utilization of the FTA.

https://api.dtn.go.th/�les/v3/62413882ef414076345c4a4a/download. Accessed 8 June

2022

Desire, OE., Larson, B., Richard, O., Rolande, MM., and Serge, KB., 2022. Investigating antibiotic resistance in enterococci in Gabonese livestock. Veterinary
World 15:714-721. https://doi:10.14202/vetworld.2022.714-721

DLD., 2019. Announcement of the Department of Livestock Department: Establish a list of

drugs that are prohibited to be used in animal feeds for prophylaxis purposes,

B.E.2562. Thai Animal Feed Control Act, B.E.2558 (2015). http://eservice.afvc.dld.go 

.th/dld- streaming/access.do?p=document%2FdocLocation_20190719_053801

_1563532681834.pdf&m=img. Accessed 8 June 2022                                                                                 

Erbas, G., Parin, U., Turkyilmaz, S., Ucan, N., Ozturk, M., and Kaya, O., 2016. Distribution of antibiotic resistance genes in Enterococcus spp. isolated from
mastitis bovine milk. Acta Veterinaria 66:336-346. https://doi:10.1515/acve-2016-0029

Gharaibeh, MH., and Shatnawi, SQ., 2019. An overview of colistin resistance, mobilized colistin resistance genes dissemination, global responses, and the
alternatives to colistin: A review. Veterinary World 12:1735-1746. https://doi:10.14202/vetworld.2019.1735-1746

Gotkowska-Płachta, A., 2021. The prevalence of virulent and multidrug-resistant enterococci in river water and in treated and untreated municipal and hospital
wastewater. International Journal of Environmental Research and Public Health 18:563. https://doi:10.3390/ijerph18020563

Guran, HS, Ciftci, R., Gursoy, NC., Ozekinci, T., and Alali, WQ., 2020. Prevalence of antibiotic-resistant Salmonella in retail organic chicken. British Food Journal
122:1238-1251. https://doi:10.1108/BFJ-10-2019-0790

Hassan, MI., Alkharsah, KR., Alzahrani, AJ., Obeid, OE., Khamis, AH., and Diab, A., 2013. Detection of extended spectrum beta-lactamases-producing isolates
and effect of AmpC overlapping. The Journal of Infection in Developing Countries 7:618-629. https://doi:10.3855/jidc.2919

Hollenbeck, BL., and Rice, LB., 2012. Intrinsic and acquired resistance mechanisms in enterococcus. Virulence 3:421-569. https://doi:10.4161/viru.21282

Iseppi, R., Di Cerbo, A., Messi, P., and Sabia, C., 2020. Antibiotic resistance and virulence traits in vancomycin-resistant enterococci (VRE) and extended-
spectrum β-lactamase/AmpC-producing (ESBL/AmpC) Enterobacteriaceae from humans and pets. Antibiotics 9:152. https://doi:10.3390/antibiotics9040152

Iversen, A., Kühn, I., Franklin, A., and Möllby, R., 2002. High prevalence of vancomycin-resistant enterococci in Swedish sewage. Applied and Environmental
Microbiology 68:2838-2842. https://doi:10.1128/AEM.68.6.2838-2842.2002

Lapierre, L., Cornejo, J., Zavala, S., Galarce, N., Sánchez, F., Benavides, M., Guzmán, M., Sáenz L (2020). Phenotypic and genotypic characterization of virulence
factors and susceptibility to antibiotics in Salmonella Infantis strains isolated from chicken meat: First �ndings in Chile. Animals: An Open Access Journal
from MDPI 10:1049. https://doi:10.3390/ani10061049

Lauderdale, TL., Shiau, YR., Wang, HY., Lai, JF., Huang, IW., Chen, PC., Chen, HY., Lai, SS., Liu, YF., and Ho, M., 2007. Effect of banning vancomycin analogue
avoparcin on vancomycin-resistant enterococci in chicken farms in Taiwan. Environmental Microbiology 9:819-823. https://doi:10.1111/j.1462-
2920.2006.01189.x

Lawpidet, P., Tengjaroenkul, B., Saksangawong, C., and Sukon, P. 2021. Global prevalence of vancomycin-resistant enterococci in food of animal origin: A
meta-analysis. Foodborne Pathogens and Disease 18:405-412. https://doi:10.1089/fpd.2020.2892

Lester, CH., Frimodt-Møller, N., Sørensen, TL., Monnet, DL., and Hammerum, AM., 2006. In vivo transfer of the vanA resistance gene from an Enterococcus
faecium isolate of animal origin to an E. faecium isolate of human origin in the intestines of human volunteers. Antimicrobial Agents and Chemotherapy
50:596-599. doi:10.1128/AAC.50.2.596-599.2006

Li, XZ., Mehrotra, M., Ghimire, S., and Adewoye, L., 2007. β-Lactam resistance and β-

            lactamases in bacteria of animal origin. Veterinary Microbiology 121:197-214. 

            https://doi:10.1016/j.vetmic.2007.01.015

Melese, A., Genet, C., and Andualem, T., 2020. Prevalence of vancomycin resistant enterococci (VRE) in Ethiopia: a systematic review and meta-analysis. BMC
Infectious Disease 20:124. https://doi:10.1186/s12879-020-4833-2



Page 12/12

Nilsson, O., 2012. Vancomycin resistant enterococci in farm animals – occurrence and importance. Infection Ecology & Epidemiology 2:16959.
https://doi:10.3402/iee.v2i0.16959

Palma, E., Tilocca, B., and Roncada, P., 2020. Antimicrobial resistance in veterinary medicine: An overview. International Journal of Molecular Sciences
21:1914. https://doi:10.3390/ijms21061914

Pongparit, S., Bunchaleamchai, A., Supcharoencoon, U., Veeramano, R., Watanasatitarpa, S., and Phraephan, S., 2017. Fecal colonization of vancomycin–
resistant Enterococcus spp. among food producing animals from farms in Thailand. In: Areerat Y (eds) Proceedings of RSU National Research Conference, 28
April 2017. Rangsit Univ Pathum Thani Thailand, pp 77-86. https://doi: 10.14458/RSU.res.2017.58

Raza, T., Ullah, SR., Mehmood, K., Andleeb, S., 2018. Vancomycin resistant enterococci: 

            A brief review. The Journal of the Pakistan Medical Association 68:768-772.

Savin, M., Alexander, J., Bierbaum, G., Hammerl, JA., Hembach, N., Schwartz, T., Schmithausen, RM., Sib, E., Voigt, A., and Kreyenschmidt, J., 2021. Antibiotic-
resistant bacteria, antibiotic resistance genes, and antibiotic residues in wastewater from a poultry slaughterhouse after conventional and advanced
treatments. Scienti�c Reports 11:16622. https://doi:10.1038/s41598-021-96169-y

Shahraki, S., and Rabi Nezhad Mousavi, M., 2017. Determination of virulence factors in

           clinical multidrug resistance enterococci isolates at Southeast of Iran. Jundishapur

           Journal of Microbiology 10:e45514. https://doi:10.5812/jjm.45514

Sivaraman, S., and Yann, HR., 2018. Antibiotic use in food animals: Thailand overview.

 https://www.reactgroup.org/wp-content/uploads/2018/11/Antibiotic_Use_in_Food_

 Animals_Thailand_Overview_LIGHT_2018_web.pdf. Accessed 8 June 2022

Sornplang P, Sakulsawasdiphan K, Piyadeatsoontorn S, Surasorn B (2016) Antimicrobial susceptibility of lactic acid bacteria isolated from human and food-
producing animal feces in Khon Kaen Province, Thailand. Tropical Animal Health and Production 48:1739-1745. https://doi:10.1007/s11250-016-1116-4

Tansuphasiri, U., Khaminthakul, D., Pandii, W., 2006. Antibiotic resistance of enterococci isolated from frozen foods and environmental water. The Southeast
Asian Journal of Tropical Medicine and Public Health 37:162-170.

Thongkoom, P., Kanjanahareutai, S., Chantrakooptungool, S., and Rahule, S., 2012. Vancomycin-resistant enterococci (VRE) isolates isolated in Rajavithi
Hospital between 1999 and 2009. Journal of the Medical Association of Thailand 95 Suppl 3:S7-15.

Usui, M., Ozawa, S., Onozato, H., Kuge, R., Obata, Y., Uemae, T., Ngoc, PT., Heriyanto A, Chalemchikit, T., Makita, K., Muramatsu, Y., and Tamura, Y., 2014.
Antimicrobial susceptibility of indicator bacteria isolated from chickens in Southeast Asian Countries (Vietnam, Indonesia and Thailand). The Journal of
Veterinary Medical Science 76:685-692. https://doi:10.1292/jvms.13-0423

van den Bogaard, AE., 2002. Antibiotic resistance of faecal enterococci in poultry, poultry farmers and poultry slaughterers. Journal of Antimicrobial
Chemotherapy 49:497-505. https://doi:10.1093/jac/49.3.497

Wist, V., Morach, M., Schneeberger, M., Cernela, N., Stevens, M., Zur�uh, K., Stephan, R., and Nüesch-Inderbinen, M., 2020. Phenotypic and genotypic traits of
vancomycin-resistant enterococci from healthy food-producing animals. Microorganisms 8:261. https://doi:10.3390/microorganisms8020261


