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Abstract. The study investigated antimicrobial resistance patterns and presence
of resistance genes to nine drugs (five drug classes) of Escherichia coli isolated
from water sources (water tank, drinking water, environmental / waste water, and
evaporation pond) at ten chick rearing farms in the vicinity of Khon Kaen city,
Khon Kaen Province, Thailand during 2011-2012. Of 52 E. coli strains isolated,
61% were multi-drug resistant (=3 classes of drugs) and 4-79% of strains were
sensitive to all nine drugs tested. Highest (86%) and lowest (21%) resistance
prevalence was against cefotaxime and cefoxitin, respectively. The frequency of
p-lactamase-producing gene, ""TEM-1, carried by the E. coli strains reflected the
genotypic characteristics. These alarming findings are indicative of an urgent
need for stricter enforcement of good hygienic practices in the poultry industry.
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INTRODUCTION

Escherichia coliis a gram-negative bac-
terium of the family Enterobacteriaceae.
It is a normal flora of intestinal tracts of
humans and animals, including birds
(Singleton and Sainsburg, 1981; St-Pierre
et al, 2009). Most strains of E. coli are
harmless (Trongjit et al, 2016). However,
it is one of the opportunistic pathogens
responsible for a number of disease
conditions in chicken such as enteritis
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(Nhung et al, 2016). Pathogenic E. coli
released from fecal content of infected
humans and animals can be found in
various water resources, such as river,
stream, creek, and well. Waste can enter
the water system through many different
ways, viz. sewage overflow, improper
operating sewage system, and polluted
storm water and agricultural runoffs (He
et al, 2007). Wells are more vulnerable
to such contamination after flooding,
in particular if the wells are shallow,
have been dug or bored, or have been
submerged by floodwater for long periods
of time (He et al, 2007).

Physical, chemical, and microbio-
logical qualities of drinking water are
of fundamental importance in chicken
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industry (Jafari et al, 2006). The role of water
in spreading communicable diseases is high-
ly likely if it comes from a number of different
sources. Water contaminated with fecal coli-
form from sick birds, animals, and humans
severely affects the performance of birds
(Desmarais et al, 2002). In addition to
pathogenic E. coli, Salmonella and Campylo-
bacter spp constitute the three main chicken
pathogens responsible for water contami-
nation (Jafari et al, 2006; FAO, 2007).

Antimicrobial usage in animal
production and in human clinical treat-
mentare similar (FAO, 2007; Apisamthana-
rak et al, 2009) and consequently, emer-
gence of antimicrobial resistance (AMR)
poses a critical threat to both human and
animal welfare. Thailand is one of the
Southeast Asia economic community
considered to be a focal point for AMR
in bacteria from various origins (Coker
et al, 2011; Von Wintersdorff et al, 2014;
WHO, 2014). Anumber of countries in this
region, namely, Indonesia, Thailand and
Vietnam, have considerably developed
over many decades their aquaculture
and, particularly in the case of Thailand,
poultry production, mostly for export
(FAO, 2009; FAQO, 2016). This creates a
further risk of dissemination of AMR
organisms to consumers worldwide
(Nhung et al, 2016).

Hence, the current study was con-
ducted to determine the antibiogram pro-
files of E. coli isolated from four types of wa-
ters at 10 broiler chicken farms around the
city of Khon Kaen, northeastern Thailand.
Both multi-drug resistance phenotypes
and genotypes of E. coli isolates were
determined. This would provide pertinent
and essential information to reduce the
prevalence of multi-drug resistant E. coli
isolated from animals and from humans
within the surrounding region.
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MATERIALS AND METHODS

Study locations

Ten broiler chicken farms located in
Wang Noi Dictrict, Khon Kaen Province,
northeastern Thailand, which produce
chickens for export were enrolled during
2011-2012 in an “all in/all out” scheme
in which 1-day old chicks are reared and
slaughtered all at once. The farms housed
approximately 10,000-20,000 birds de-
pending on size of the housing facility.

Water samples

For each farm four types of water
samples were collected: (i) main water
tank, (ii) drinking water line (three lines
per farm), (iii) environmental /waste
water sample, and (iv) evaporation pond.
Water samples were tested twice dur-
ing the summer (March-June, 2011),
rainy (July-October, 2011), and winter
(November, 2011-February, 2012) seasons
when the chickens were aged between
1-15 days (first round) and 16-35 days
(second round). Water samples (2,500 ml
aliquots) were collected aseptically into
sterile plastic bags and transported on ice
to the Department of Veterinary Public
Health, Faculty of Veterinary Medicine,
Khon Kaen University, Khon Kaen, Thai-
land within 4 hours. A 2-ml of autoclaved
1.0% sodium thiosulphate solution (Am-
ersco, Fountain Parkway, Solon, OH) was
aseptically added into each sterile plastic
bag as a chlorine neutralizer for main tank
and drinking water samples (Savill et al,
2001; Shaikh et al, 2015).

Isolation and identification of E. coli
isolates

E. coli was isolated from the samples
based on typical characteristics (blue
colonies associated with gas bubbles) on
3M Petri film (OMA #991.14; 3M Food
Safety; 3M Center, St Paul, MN) following
filtration. APCR procedure was employed
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for confirmation as E. coli using specific
primer pair targeting 16S rDNA, ECO-1
(5’GACCTCGGTTTAGTTCACAGAZ3')
and ECO-2 (5'CACACGCTGACGCTGA
CCAZ3') (Wang et al, 1996). Direct colony
PCR was performed. Reaction mixture (25
ul) consisted of bacterial cells as source
of DNA template, Jumpstart RED Taq
Ready mix (Merck, Darmstadt, Germany),
specific primer pairs (Thermo Scien-
tific, Singapore), and PCR grade water
(Thermo Scientific). Thermocycling was
performed in an EsCo Swift MiniPro
thermal cycler (Esco Micro, SWT-
MIP-0.2-2, Singapore) as follows: 95°C
for 3 minutes; 35 cycles of 95°C for 30
seconds, 58°C for 45 seconds and 72°C for
60 seconds; with a final step of 72°C for
7 minutes. Amplicon (585 bp) was ana-
lyzed by 1.5% agarose gel-electrophoresis,
stained with ethidium bromide (Merck,
Darmstadt, Germany) and recorded using
a gel documentation system (Syngene®,
Cambridge, UK).

Antibiogram determination

E. coli isolates were cultured on
Nutrient agar plate (HiMedia, Mum-
bai, India), grown for 18 hours, then
harvested and suspended in 0.1% nor-
mal saline solution, adjusted to 0.5%
McFarland unit (1.5x108 CFU/ml), and
(0.1 ml aliquots) spread onto the surface
of Muller Hinton agar (MHA) (Oxoid,
Basingstoke, Hamshire, UK) plates to
produce bacterial lawns. Kirby-Bauer
disk diffusion method was employed
for determination of antibiograms
(CLSI, 2017). E. coli ATCC 25922 and
Staphylococcus aureus ATCC 29213 were
employed as controls. Five groups of
drugs (Oxoid) were evaluated, namely,
aminoglycoside [10 pg of gentamicin
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(GEN) and 10 pg of tobramycin (TOB)],
cephalosporin [30 pug of cefotaxime (CTX),
30 ug of cefoxitin (FOX) and 30 pg of
cephazolin (KZ)], quinolone [5 ug of
ciprofloxacin (CIP) and 5 pg of ofloxacin
(OFX)], and tetracycline [30 pg of doxycy-
cline (DO)], as well as 5 pg of anti-folate
trimethoprim (W). Resistance to =3 groups
of drugs is considered as multidrug
resistant (CLSI, 2017).

Detection of E. coli antimicrobial genes

Primer pairs targeting E. coli
aac(3)-Ia, aph(3’)-Ila, ""TEM-1, dhfrl, sull,
sulll, tetA, and tetB were as previously
published (Zhao et al, 2001; Chen et al,
2004; Muhammad et al, 2009; FAO, 2016).
In brief, PCR was conducted in a 25-ul
mixture containing bacterial cells as
source of DNA template, Jumpstart RED
Taq Ready mix (Merck), specific primer
pairs (Thermo Scientific), and PCR grade
water (Thermo Scientific). Thermocycling
was performed as described above using
annealing temperature at 54°C for aac(3')-
la, aph(3’)-11a, dhfrl, sull, sulll, and tetB,
55°C for bla,, ,, and 58°C for tetA (Lé
Vesque et al, 1995; Zhao et al, 2001; Chen
et al, 2004; Johnson et al, 2007; Ma et al,
2007; Overdevest et al, 2011; FAO, 2016;
Trongjit et al, 2016). Amplicons [436 bp
(aac(3)-Ia), 519 bp (aph(3’)-1la), 643 bp
(""TEM-1), 220 bp (dhfr1), 331 bp (sull), 435
bp (sulll), 831 bp (tetA), and 723 bp (tetB)]
were analyzed and recorded as described
above.
Statistical analysis

Descriptive statistics were used
to show means and percentages of data
employing SPSS statistical package ver-
sion 20.0 (IBM, Armonk, NY). Chi-square
test was conducted for testing of effect of
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season on E. coli detection rate. A p-value
<0.05 is considered significant.

RESULTS

In total, 350 water samples were
tested in the study as, on some occasions,
water samples could not be collected
because the chicken farm owners were
absent, and in some farms all chickens
had been sold before the visit. Among
52 E. coli isolates available for PCR
confirmation, which varied from 4-19%
per farm (Table 1), 24 were from drinking
water sources, 17 from evaporation ponds,
9 from environmental/waste water
sources, and 2 from main water tanks.
There are no significant difference among
the three seasons (summer, rainy and
winter) on the detection rate of E. coli.

The E. coli strains were most sensitive
(79%) to FOX (2" generation cephalo-

Table 1
PCR-confirmed E. coli isolates from
water samples of ten chicken farms,
Wang Noi District, Khon Kaen Province,
Thailand during 2011-2012.

Farm no. Number (%)
(n=52)

F1 7 (13)
F2 2(4)
F3 6 (11)
F4 7 (13)
F5 10 (19)
F6 4(8)
F7 4(8)
F8 5(10)
F9 5(10)
F10 2(4)

Table 2
Antibiograms of PCR-confirmed Escherichia coli strains isolated from water
samples of ten chicken farms, Wang Noi District, Khon Kaen Province,
Thailand during 2011-2012.

Antimicrobial group Antimicrobial Dose (ug) Percent E. coli susceptibility (n=52)
S I R
Aminoglycoside Gentamicin 10 44 23 33
Tobramycin 10 23 13 64
Cephalosporins Cephazolin 30 4 27 69
Cefoxitin 30 79 11 10
Cefotaxime 30 13 0 87
Quinolone Ciprofloxacin 5 14 13 73
Ofloxacin 32 8 60
Anti-folate Trimethoprim 5 27 31 42
Tetracycline Doxycycline 30 50 36 14

I, intermediate; R, resistance; S, susceptible [according to CLSI (2017) guidelines].
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Fig 1 - Prevalence (%) of genes encoding antimicrobial resistance found in
Escherichia coli isolated from water samples of ten chicken farms, Wang
Noi District, Khon Kaen Province, Thailand during 2011-2012. E coli an-
timicrobial resistance genes were detected by PCR amplification using

gene-specific primers.

sporin) followed by DO (50%) (Table
2). The highest resistance (87% of the
strains) was against CTX (3" generation
cephalosporin) followed by CIP (73%) and
KZ (1% generation cephalosporin) (69%).
Multidrug resistance was present in 61%
of the strains (Table 3). Strikingly, one E.
coli strain from a drinking water sample
collected from Farm no. 1 at the first round
(1-15 day-old chickens) in the rainy sea-
son was resistant to nine antimicrobials
from all five groups of antibiotics (CTX,
CIP, DO, FOX, GEN, KZ, OFX, TOB, and
W). Frequencies of the presence of anti-
microbial genes, as expected, mirrored
those of the corresponding drugs: 65% for
YaTEM-1, 52% tetA and 13% sulll (Fig 1).

DISCUSSION

This study demonstrates E. coli iso-
lates from different water sources (main
water tank, drinking water, environmental/
waste water, and evaporation pond) of
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ten poultry farms located near a city
in northeast Thailand were resistant
to five different groups of antibiotics.
The nine drugs selected for assay consist
mainly those in the treatment of gram-
negative bacilli infections worldwide.
Some of the antibiotics are used in chicken
production process as performance en-
hancers (Oguttu et al, 2008). It is well
acknowledged that aminoglycosides, ce-
phalosporin, fluoroquinolones, and tri-
methoprim are drug groups thathave major
uses for enhancing poultry production
as well as for therapeutic treatment
(CLSI, 2017). Some 85% of the E. coli
isolates were resistant to the 3™ gen-
eration cephalosporin CTX. It is known
that the rates of resistance to 3" gen-
eration cephalosporins are increasing
(Baron et al, 2014) and this problem needs
closer attention as it directly impacts
human health, given that E. coli is the most
common bacterium causing invasive dis-
ease in man (Cogliani ef al, 2011; de Kraker
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Table 3
Multi-drug resistance antibiograms of PCR-confirmed Escherichia coli strains isolated
from water samples of ten chicken farms, Wang Noi District, Khon Kaen Province,
Thailand during 2011-2012.

Number of Number
antimicrobials Resistance pattern of strains (%)
resistance (n=52)2
1R FOX (1 drug group) 1(2)
W (1 drug group) 1(2)
CTX (1 drug group) 2(4)
Subtotal 4(8)
2R KZ-CTX (1 drug group) 1(2)
CTX-TOB (2 drug groups) 1(2)
Subtotal 2(4)
3R CIP-W-OFX (2 drug groups) 2(4)
KZ-CTX-TOB (2 drug groups) 3(6)
KZ-CTX-CIP (2 drug groups) 1(2)
CTX-TOB-CIP (3 drug groups) 1(2)
CIP-W-OFX (2 drug groups) 2(4)
CTX-TOB-GEN (2 drug groups) 1(2)
Subtotal 10(20)
4R KZ-CTX-CIP-OFX (2 drug groups) 4(8)
CTX-TOB-CIP-OFX (3 drug groups) 1(2)
KZ-CTX-TOB-CIP (3 drug groups) 1(2)
CTX-CIP-W-OFX (3 drug groups) 1(2)
KZ-CTX-TOB-W (3 drug groups) 2(4)
KZ-CTX-TOB-GEN (2 drug groups) 1(2)
Subtotal 10(20)
5R KZ-CTX-TOB-CIP-OFX (3 drug groups) 4(8)
KZ-CTX-TOB-CIP-GEN (3 drug groups) 1(2)
KZ-CTX-CIP-W-OFX (3 drug groups) 2(4)
KZ-CTX-TOB-CIP-W (4 drug groups) 1(2)
Subtotal 8(16)
6R KZ-CTX-TOB-CIP-GEN-OFX (3 drug groups) 3(6)
KZ-CTX-CIP-GEN-OFX-DO (4 drug groups) 2(4)
KZ-CTX-TOB-CIP-W-OFX (4 drug groups) 1(2)
KZ-CTX-TOB-CIP-GEN-W (4 drug groups) 1(2)
KZ-CTX-CIP-GEN-W-OFX (4 drug groups) 1(2)
CTX-TOB-CIP-W-OFX-DO (5 drug groups) 1(2)
CTX-TOB-CIP-GEN-W-OFX (4 drug groups) 1(2)
Subtotal 10(20)
7R KZ-CTX-TOB-CIP-GEN-OFX-DO (4 drug groups) 2(4)
KZ-CTX-TOB-CIP-FOX-OFX-DO (4 drug groups) 1(2)
KZ-CTX-TOB-CIP-GEN-W-OFX (4 drug groups) 3(6)
KZ-CTX-TOB-CIP-W-FOX-OFX (4 drug groups) 1(2)
Subtotal 7(14)
9R KZ-CTX-TOB-CIP-GEN-W-FOX-OFX-DO (5 drug groups) 1(2)
Multi-drug resistance strain® 32(61)

2>100 due to rounding-up of numbers. "Resistant to =3 groups of drugs (CLSI, 2017). nR = resistance
ton drugs. CIP, ciprofloxacin; CTX, cefotaxime; DO, doxycycline; FOX, cefoxitin; GEN, gentamicin;
KZ, cephazolin; OFX, ofloxacin; TOB, tobramycin; W, trimethoprim.
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et al, 2011; ECDPC, 2011; Collignon ef al,
2013). In addition, similar high resistance
rates were observed for KZ (a 1% genera-
tion cephalosporin) and CIP (a quinolone).
Although resistance to FOX and DO were
relatively low in our study, Oguttu et al
(2008) in South Africa reported a much
higher resistance rate (98.2%) against
DO. A large proportion of antimicrobial
resistant bacteria in human infections
is derived from food animals (Johnson et
al, 2007; Jakobsen et al, 2010; Overdevest
et al, 2011; Vieira et al, 2011; Collignon
et al, 2013). It is noteworthy that only one
E. coli strain collected in the current study
was susceptible to all nine antibiotics (in
the range of 4-79%).

From previous studies (Le’Vesque
et al, 1995; Chen et al, 2004; Ma et al, 2007;
Germeau-Tsodikova and Labby, 2016)
and from the phenotypic and genotypic
assessments of E. coli isolates in the cur-
rent study, it is most likely aph(3’)-1la was
responsible for GEN resistance and aac
(3’)-Ia for TOB resistance in the tested
aminoglycoside group. However, further
study is warranted.

A study in Sa Keao Province, eastern
Thailand showed a similar finding to the
current study in that ""TEM-1 is the most
prevalent gene found in chicken and pig
carcasses (Trongjit et al, 2016).

In summary, the study reveals a
high prevalence of multi-drug resistance
among E. coli strains present in various
sources of water, ranging from drinking
water to evaporation pond, in chicken
farms located in the vicinity of a major city
in northeastern Thailand. Resistance was
associated with antimicrobial resistance
genes carried by the isolated E. coli and
the bacteria were resistant to at least one
of nine antibiotics commonly prescribed
in the treatment of gram-negative patho-
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genic bacteria. Thus, crucial and urgent
precautionary steps need to be employed
to stop the rise of antimicrobial resistant
E. coli (and other pathogenic bacteria) in
poultry farms through implementation
of robust hygienic husbandry practices
especially in the supply of drinking water.
Future studies should focus on the impact
of coliform-contaminated water from the
chicken farms on the surrounding human
health and environment.
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