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Abstract

Antimicrobial resistant profiles of Escherichia coli isolated from pork and environment samples of six retail butcher shops in
Bangkok, Thailand, were studied. Of the total samples, 73.3% were positive for Salmonella spp. and 86.7% were positive for
E. coli. E. coli were tested for the minimum inhibitory concentrations against 12 antimicrobial agents that are commonly pre-
scribed for infection in humans. The resistances to quinolones comprising of moxifloxacin and ciprofloxacin were 15.4% and
11.5%, respectively. The B-lactams resistance was observed at less frequent rates at 9.6% for cefotaxime, 3.8% for amoxicillin/
clavulanic acid, 3.8% for cefoxitin, and 1.9% for ceftazidime, but all isolates were sensitive to cefoperazone/sulbactam and
cefpirome. Furthermore, 11.5% of the isolates produced ESBL enzymes. Aminoglycosides resistance was observed for gentam-
ycin at 17.3% while amikacin resistance (0%) was not found. Trimethoprim/sulfamethoxazole showed the highest resistance at
57.7%. Only one colistin resistant isolate (MIC at 8 pg/ml) was found, but it did not carry the plasmid mediated colistin resist-
ance genes mcr-1 and mer-2. Amplifying the gene integrase 1 (intl1), 3.9% of the isolates yielded positive PCRs. In this study,
the antimicrobial resistant rates of E. coli from pork and markets were relatively low and mcr genes were not yet distributed in
the tested E. coli.

Keywords: Antimicrobial resistance, mcr, MIC, Pork

*Corresponding author: Patamabhorn Amavisit. Department of Microbiology and Immunology, Faculty of Veterinary Medicine, Kasetsart University,
Bangkok 10900, Thailand. Email: fvetpaa@ku.ac.th

Article history: received manuscript: 23 July 2018,
revised manuscript: 23 August 2018,
accepted manuscript: 4 September 2018,
published online: 3 October 2018
Academic editor: Korakot Nganvongpanit

Ketkhao et al. Vet Integr Sci. 2019; 17(1): 11-20 11




VETERINARY INTEGRATIVE SCIENCES

INTRODUCTION

The increase of antimicrobial resistant bacteria (AMR) infections has
led to a rise of morbidity and mortality in humans. The World Health Organi-
zation has concluded that the adverse human health consequences were due to
resistant organisms from both human and non-human usages of antimicrobials
(WHO, 2003). Overuse of antimicrobials in animals could lead to the increase
of AMR and contamination of AMR bacteria in meat which could directly con-
taminate consumers. However, the route of bacterial contamination in meat
can occur not only in live animals but also in slaughterhouses, during meat
processing, transportation, and butcher shops.

In Thailand, pork can be purchased from supermarkets and fresh mar-
kets. Supermarkets are air-conditioned, usually control the environment tem-
perature and seem to have higher hygienic conditions than fresh markets. Fresh
markets are open air, the foodstuffs are often open to the environment prior to
sale and stored at ambient temperatures. Multiple sources of food contamina-
tion including rodents, insects, and sewage are regularly found in fresh markets
(Vindigni et al., 2007).

Swine farms in Thailand have different management systems and sizes.
Both large integrated farms, with fully vertical integrated systems, and small
size farms in the backyard exist in Thailand (Thanapongtharm et al., 2016).
On swine farms, colistin metaphylaxis, prophylaxis and treatments have been
effectively used for the past two decades. Recently Thailand prohibited the
prophylaxis use of colistin for swine, (DLD, 2017) because it is regarded as a
last resort antimicrobial therapeutic option against carbapenem-resistant bac-
teria in humans. A rapid spread of colistin resistant bacteria has been reported
in many countries (Kempf et al., 2016). Plasmid mediated colistin resistance
genes, mcr-1 to mer-5, were discovered to be a rapid cause of resistance distri-
bution (Liu et al., 2016; Xavier et al., 2016; Borowiak et al., 2017; Carattoli et
al., 2017; Yin et al., 2017)

The aims of the present study were to determine AMR profiles and
minimum inhibitory concentrations (MIC) of antimicrobial agents in E. coli
isolated from pork and environment samples from butcher shops located in
fresh markets. E. coli and Salmonella spp. contamination were investigated.
The distribution of antimicrobial resistant genes, mcr-1, mcr-2 and integrase
(intl1) gene were examined by using PCR.

MATERIALS and METHODS

Sample collection and interview

The total of 60 samples including red meat (7), belly pork (5), ground
pork (6), offal (14) and environment samples of cutting boards (6), weighing
machines (6), tables (6), wastewater (6), knives (2) and pork grinders (2) were
cross-sectionally collected from six retail butcher shops in Bangkok, Thailand
from October to December 2016. The meat samples were kept in sterile plas-
tic sampling bags and chilled in an ice box while environment samples were
collected using sterile cotton swabs and placed in Amies transport medium
(Oxoid, U.S.A.). Information about the pork handling, desk and floor cleaning
program were collected from each shop vendor by using face-to-face inter-
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view. The hygiene practices of the vendor were observed and the data were
recorded.

Bacterial isolation

All the samples were cultured for E. coli and Salmonella spp. following
the methods described by the International Organization for Standardization
(ISO 93081, 2014 and ISO 6579, 2007, respectively). Three isolates of E. coli
and three isolates of Salmonella spp. of each positive sample were kept in skim
milk at -20°C for further study.

Serogroup test of Salmonella spp.

Agglutination tests on the basis of somatic O antigen, and phase 1 and
phase 2 flagella antigens according to the White-Kauffaman-Le Minor scheme
(Grimont and Weill, 2007) were performed. Antisera OMA and OMB (S & A
Reagents Lab, Thailand) were used for testing Sa/monella serogroup A, B, D,
E, and C respectively.

Antimicrobial susceptibility test of E. coli

The E. coli isolates were tested for MIC against 12 antimicrobial
agents, comprising of amoxicillin/clavulanic acid, ceftazidime, cefoperazone/
sulbactam, cefpirome, cefotaxime, cefoxitin, amikacin, gentamicin, ciproflox-
acin, moxifloxacin, colistin, and trimethoprim/sulfamethoxazole, and extend-
ed-spectrum B-lactamase (ESBL) was screened, by using a VITEK 2 compact
automated machine (bioMérieux, Marcy-I’Etoile, France). ESBL confirmation
test of VITEK 2 is based on simultaneous assessment in the inhibitory effects
of cefepime (0.5 mg/L), cefotaxime (0.5 mg/L) and ceftazidime (1.0 mg/L)
alone and in the combination with clavulanic acid (4, 4 and 10 mg/L, respec-
tively). The reduction of growth within wells containing clavulanic acid and
those which do not contain clavulanic acid indicates expression of an ESBL
(Spanu et al., 2000). E. coli ATCC 25922 and Klebsiella pneumoniae ATCC
700603 were used as the quality control strains. Antimicrobial resistance
breakpoints were interpreted following the Clinical and Laboratory Standards
Institute (CLSI, 2014) criteria, except the cefpirome and moxifloxacin break-
points were applied in accordance with Vitek 2 system software version 7.01
(bioMérieux, Marcy-I’Etoile, France)

Detection of plasmid mediated colistin resistance gene and

integrase gene

E. coli DNA was prepared by using the boiling method. Each PCR
reaction was 5X Phusion HF buffer (7.5 mM MgCl)), 200 uM of each dNTP,
and 0.5 puM of each forward and reverse primer, 0.02 units of Phusion Hot
Start I High—Fidelity DNA polymerase (Thermo Scientific, USA) and 1 pl of
the DNA template. The mcr-1 and mcr-2 genes were amplified by using prim-
ers CLR-F (5’-CGGTCAGTCCGTTTGTTC-"3), CLR-R (5’-CTTGGTCG-
GTCTGTAGGG-’3) and MCR2-IF (5’-TGTTGCTTGTGCCGATTGGA),
MCR2-IR (5’-AGATGGTATTGTTGGTTGCTG-"3) following the methods
previously described by Liu et al. (2016) and Xavier et al. (2016). Primers
intl1-F (5’-GCATCCTCGGTTTTCTGG-"3) and intl1-R (5’-GGTGTGGCG-
GGGTTCGTG-"3) were used for amplifying the integrase gene, int/ (Shibata
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et al., 2003). The PCR conditions used for amplification were an initial dena-
turation step at 98 °C for 3 min; 35 cycles at 98 °C for 30 s, annealing 30 s at
55 °C for mcr-1 and mcr-2 or at 58 °C for int/l, then an extension at 72 °C for
35 s, followed by a final extension step at 72 °C for 5 min.

Data analysis

Descriptive statistics were used to describe the percentage and frequen-
cy of antimicrobial susceptibility, gene detection, the source of samples and in-
terview data. Pearson’s Chi-square test was used to analyze the relationship of
Salmonella serogroups and sources of the samples by using NCSS 11 software
(NCSS, Kaysville, UT). P<0.05 was considered statistically significant for the
statistical tests.

RESULTS

Of the total samples collected from the six retail butcher shops, 86.7%
(52/60) and 73.3% (44/60) were positive for E. coli and Salmonella spp., re-
spectively. The frequencies of E. coli found in the pork samples of each butch-
er’s shop were similar, between 80% and 100% (Table 1). A difference was
found in the environmental samples of shop E where E. coli was not found to
be present in the environmental samples and Salmonella spp was present in
only one sample (cutting board).

The total Salmonella spp. isolates from the 44 samples presented three
different frequencies of serogroup comprising of serogroup B at 40.9%, sero-
group C at 50% and serogroup E at 9.1%. There were no significant differences
in the serogroups of the pork and the environment samples (P > 0.05). Only
four isolates (9.1%) were identified as serogroup E which were the samples
isolated from shop D (n=3) and shop F (n=1).

Table 1 E. coli (n=52) isolated from retail pork and environment samples (n=60) of 6 butcher shops (A—F)

Sources Number of E. coli positive samples (%)
A B C D E F Total
Pork 5/5 4/5 5/5 6/6 6/6 5/6 31/33
(100) (80) (100)  (100)  (100)  (83.3) (93.9)
Environment 4/4 4/4 4/4 4/5 0/5 5/5 21/27
(100) (100)  (100) (80) 0) (100)  (77.8)
9/9 8/9 9/9 10/11 6/11 10/11 10/11
Total

(100) (88.9) (100) (90.9) (54.5) (90.9) (90.9)

Of the 52 isolates that were studied for MIC, five isolates were re-
sistant to cefotaxime and only one isolate was resistant to ceftazidime (Ta-
ble 2). All isolates were sensitive to cefoperazone/sulbactam and cefpirome.
Six isolates (11.5%) of E. coli produced extended-spectrum [-lactamase
enzymes. Of the six ESBL produced isolates, five were resistant to cefo-
taxime. The resistance to quinolone agents had similar rates which were
15.4% moxifloxacin and 11.5% ciprofloxacin. Aminoglycosides resistanc-
es were observed for gentamycin at 17.3% but amikacin resistance (0%)
was not found. Of the 30 isolates that were resistant to trimethoprim/sul-
famethoxazole, 17 isolates were single resistant to the antimicrobial only.
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Table 2 Distribution of minimum inhibitory concentration (MIC) and antimicrobial resistance rates of E. coli

(n=52) from pork and environment samples.

Agents! MIC values (ug/ml) Resistance (%)
Breakpoints’  Range MIC,, MIC,,

AMC >32 <2->32 4 8 3.8
CAZ > 16 <1-16 <1 1.9
CFP > 64 <8-16 <8 <8 0

CpPO? > 64 <1-16 <l < 0

CTX >4 <1->64 <1 <1 9.6
CX >32 <4->64 <4 16 3.8
AK > 64 <2-4 <2 4 0

GN > 16 <1->16 <1 > 16 17.3
CIp >4 <025->4 <0.25 4 11.5
MXF? >8 <025->8 <0.25 >8 15.4
CL >8 <0.50-8 <0.50 <0.50 1.9
SXT > 80 <20->320 > 320 > 320 577

'AMC=amoxicillin/clavulanic acid, CAZ=ceftazidime, CFP=cefoperazone/sulbactam, CPO=cefpirome,
CTX=cefotaxime, CX=cefoxitin, AK=amikacin, GN=gentamicin, CIP=ciprofloxacin, MXF=moxifloxacin,
CL=colistin, SXT=trimethoprim/sulfamethoxazole. “antimicrobial breakpoints followed CLSI (2014) and
SVITEK 2 automated machine (bioMérieux, Marcy-I’Etoile, France)

The isolates (n=14) that were resistant to > 2 antimicrobial agents,
presented 10 resistant patterns (Table 3). Regarding the criteria of multid-
rug resistant isolates “acquired non—susceptibility to at least one agent in
three or more antimicrobial categories” (Magiorakos et al., 2012), there
were only 7 (13.5%) multidrug resistant (MDR) E. coli comprising of
five isolates from the pork and two isolates from the environment sam-
ples. These MDR isolates were found in three butcher shops (shop A, B,
and D). Among MDR E. coli, five isolates also produced ESBL enzymes.

Identical resistant patterns were found in some particular isolates (Ta-
ble 3). In shop A, the same pattern of CIP-MXF-SXT was found from the
isolates of pork and the environmental swab from the weighing machine. In
shop B, three MDR resistant patterns (6 agents) of the isolates from the ground
pork (CAZ-CTX-GN-CIP-MXF-SXT), the table (CX-CTX-GN-CIP-MXF-
SXT) and the pork (AMC-CX-GN-CIP-MXF-SXT) presented similar R-types.

Focusing on colistin resistant profile, only one E. coli from pork in shop
D was resistant to colistin with the MIC at 8 pg/ml. This isolate had the MDR
pattern of CIP-MXF-CL-SXT. However, the isolate yielded negative results for
mcr-1 and mcr-2 plasmid mediated colistin resistant genes by PCR. Further-
more, the isolates were screened for the integrase gene (int/1) of class 1 integron
by using DNA amplification. Only two isolates, from the weighing machine
at shop B and the pork from shop D, yielded positive. The resistant patterns
of these isolates were CTX-GN-SXT and CIP-MXF-CL-SXT, respectively.
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Table 3 Antimicrobial resistance patterns of 31 resistant E. coli from pork and environment samples.

Sources of E. coli

Number of et e i Pork Environment
agents (n=16) (n=15)
Shop Frequency Shop Frequency
1 SXT A 2
(n=17) B 1
C
D D 2
E 2
F F 3
2 AMC-SXT (ESBL) D 1
(n=5) GN-SXT D 1
MXF-SXT A 3
3 CIP-MXF-SXT A 1 A 1
(n=5) CTX-GN-MXF (ESBL) A 1
CTX-GN-SXT (ESBL) D 1 B 1
4 CIP-MXF-CL-SXT D 1
(=1
6 AMC-CX-GN-CIP-MXF-SXT B
(n=3) CAZ-CTX-GN-CIP-MXF-SXT (ESBL) B 1
CTX-CX-GN-CIP-MXF-SXT (ESBL) B 1

'AMC=amoxicillin/clavulanic acid, CAZ=ceftazidime, CIP=ciprofloxacin, CL=colistin, CPO=cefpirome,
CTX=cefotaxime, CX=cefoxitin, GN=gentamicin, MXF=moxifloxacin, SXT=trimethoprim/sulfamethoxaz-
ole, ESBL=extended-spectrum B-lactamases

DISCUSSION

Pork samples from the six retail butcher shops presented similar fre-
quencies of E. coli and Salmonella while a difference was found in the en-
vironmental samples of shop E. By observation and interview at every shop,
the pork was transported by mini-trucks that had temperature control and the
meat was kept in refrigerators or ice containers at the markets. Shops A, B, C,
D, and F obtained their meat from a local slaughterhouse near Bangkok, but
shop E received its meat from standard farms that had quality control for every
step of the production process. Every shop displayed the meat on the tables
that were in an open area, but shop E displayed meat in a glass cabinet for pest
prevention. However, the sources of the meat and the display condition were
not related to the frequencies of the isolates in the pork.

The interview found that the tables and equipment of all the shops were
routinely daily cleaned by using dishwashing liquid (linear alkyl benzene sul-
fonate, sodium salt, and sodium lauryl ether sulfate) and laundry detergent.
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Sodium hydroxide was used to clean the market floors at shops A, B, C, and D,
1-2 times per week. Polyhexamethylene biguanide hydrochloride (PHMB) and
alkyl dimethyl benzyl ammonium chloride (ADBAC) were utilized to clean
the market floor at shop E and F every three months. In our study, the isolation
rates of E. coli and Salmonella from the environmental samples of shop E were
lower than the other shops at 54.6% and 36.4% respectively. However, the re-
lationship between different disinfectants and bacterial contamination was not
detected. By observation, the vendor of shop E wore disposable gloves during
picked up the meat while the vendors of other shops did not. The lowest con-
tamination of bacteria was demonstrated in shop E, this probably resulted from
the better hygiene practices of the vendor.

The common Salmonella serogroup C and B found in this study were
similar to other studies of pork in Thailand (Sanguankiat et al., 2010; Sinwat et
al. 2016). Salmonella Rissen of serogroup C and S. Typhimurium of serogroup
B have been reported to be predominantly in pork samples (n=69) in Thailand
(Sinwat et al. 2016). Serogroup E comprising of common serovars including
Welteredens, Anatum, etc. are found in the public health system in Thailand
(Bangtrakulnonth et al., 2004), but were not found as frequently in this study.

The twelve antimicrobials in this study comprised of eight antimicro-
bials (amoxicillin/clavulanic acid, cefotaxime, ceftazidime, cefpirome, gen-
tamicin, ciprofloxacin, moxifloxacin, and colistin) that were categorized into
critically important antimicrobial by the WHO, 2017. These agents were used
to treat various bacterial infections including severe or life-threatening issues
in humans. The resistances to B-lactams including amoxicillin/clavulanic acid,
ceftazidime, cefotaxime (3™ generation cephalosporin), and cefoxitin (2" gen-
eration cephalosporin) in this study were relatively low. Of the six E. coli that
produced ESBL, five isolates were resistant to cefotaxime but only one isolate
was resistant to ceftazidime. There are a variety of ESBL enzymes that were
encoded by different genes. One of the cefotaxime resistance enzyme is CTX-
M-type B-lactamases (cefotaximase) which can be hydrolyzed by this antimi-
crobial particularly (Shaikh et al., 2015).

Resistance rates of quinolones including ciprofloxacin and moxifiox-
acin were slightly low. All of the ciprofloxacin resistant E. coli (n=6) were
resistant to moxifloxacin. Moxifloxacin is a fourth generation fluoroquinolone
with expanded activity against gram-positive and anaerobic organisms. How-
ever, these two agents have the same action mechanism for inhibition of type 11
DNA topoisomerases (gyrases) (Nightingale, 2000). Therefore, their suscepti-
bility rates for E. coli are similar.

In this study, fortunately, mcr-1 and mcr-2 genes were not yet distrib-
uted in the tested E. coli. Colistin resistant E. coli from the pork presented at
very low rates. This was similar to the former studies (Liu et al., 2016) that
found low colistin resistant rates in pork but higher in pigs. Furthermore, the
resistances of high generation antimicrobials that are used in human treatment
presented significantly low among the isolates from the pork.

Using E. coli as the sentinel bacteria, their AMR profiles implied that
cross contamination of resistant E. coli within the markets or transportation
was probable but was improbable that any cross contamination emanated from
swine farms. E. coli R types from swine farms were conducted by the same
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researcher group and found understandable differences (data not shown). How-
ever, this hypothesis should be confirmed by molecular subtyping of these re-
sistant isolates.
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