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Abstract
Background and Aim: The problem of antimicrobial resistance of bacteria in both humans and animals is an important public 
health concern globally, which is likely to increase, including in Thailand, where carbapenem-resistant Enterobacteriaceae 
(CRE), such as Escherichia coli, are of particular concern. They are pathogens found in the gastrointestinal tract of humans 
and other animals as well as in the environment. They may cause opportunistic infection and are often resistant to antibiotics in 
various fields especially in animal husbandry, such as pets or livestock farms. This study aimed to investigate the occurrence 
of carbapenem-resistant E. coli from water samples of smallholder dairy farms in Saraburi and Maha Sarakham, Thailand.

Materials and Methods: Sixty-four water samples were collected from 32 dairy farms in Kaeng Khoi district, Muak Lek 
district, and Wang Muang district of Saraburi Province, and Kantharawichai district and Mueang district of Maha Sarakham 
Province, Thailand. All samples were cultured and isolated for E. coli by biochemical tests. All E. coli isolates were tested 
for drug susceptibility using imipenem, meropenem, and drug resistance genes of carbapenemases such as blaNDM, blaIMP, 
and blaOXA48 of drug-resistant E. coli isolates detected by polymerase chain reaction (PCR) technique.

Results: A total of 182 E. coli isolates were found (140 and 42 isolates from Saraburi and Maha Sarakham, respectively). 
Drug sensitivity tests found that two isolates of E. coli from water in Kaeng Khoi were resistant to imipenem; therefore, the 
incidence of E. coli resistance to carbapenem was 1.43% of Saraburi Province. On the other hand, there was no incidence of 
drug-resistant E. coli in Maha Sarakham. In addition, the detection of the drug-resistant gene of E. coli in both isolates by 
PCR showed the expression of blaNDM.

Conclusion: This study reports E. coli resistance to antimicrobial drugs on livestock farms. It can be considered to be the 
first report of E. coli CRE detection in a dairy farm at Saraburi, which should be the subject of further extended study.
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Introduction

Escherichia coli is known as a common 
facultative anaerobic bacteria, which inhabits the 
gastrointestinal tract of animals and humans as a nor-
mal element of the bacterial flora [1]. However, it is 
responsible for many diseases such as diarrhea, food 
poisoning, cholecystitis, bacteremia, hemorrhagic 
colitis, cholangitis, and pneumonia in both humans 
and animals [2]. E. coli is also generally found in a 
wide range of livestock, especially in dairy cattle. It 
was found to frequently infect mammary glands of 
cows, where it is a leading cause of clinical and sub-
clinical mastitis [3].

E. coli can survive in open environments. It is 
found in soil, manure, feces, contaminated vegetables, 
contaminated seeds, and various sources of water 
including irrigation water, tap water, rainwater, well 
water, and bottled water [4]. In addition, E. coli has 
been isolated from farm animals and especially from 
the water supply in dairy farms [5].

In Thailand, antimicrobial drugs are often used 
for the treatment of an infected animal. Moreover, 
antibiotics are often used improperly for growth pro-
motion and prophylaxis of livestock animal including 
dairy cows. This can lead to the emergence of bacteria 
resistant to those antimicrobial drugs thereby making 
the treatment of those bacterial infections more dif-
ficult and laborious [5]. At the present time, antimi-
crobial resistance of bacteria is a global problem and 
antimicrobial resistance of E. coli has been reported 
worldwide [6]. The prevalence of E. coli resistance to 
antimicrobial drugs has been increased by the emer-
gence of the first-line antimicrobial agents such as 
extended-spectrum β-lactamases and the spreading 
of carbapenem-resistant Enterobacteriaceae (CRE), 
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which have a high level of antimicrobial resistance 
and are more difficult to treat [7]. As E. coli can con-
stitute and pass some drug resistance genes for its 
pathogenesis and ability to resist the antimicrobial 
drug, their level of resistance might be considered as a 
good indicator for studying the emergence and occur-
rence of antimicrobial drug resistance of E. coli [6].

There are a few studies of antimicrobial resistance 
and drug resistance genes in dairy cattle in Thailand. 
In addition, the information concerning antimicro-
bial resistance of E. coli from dairy farms, especially 
from water sources is very limited, although the water 
supply can be a reservoir of antimicrobial resistance 
E. coli to which humans and animals are exposed on 
the farms. This work looked for antimicrobial resis-
tance of E. coli as the CRE, which was isolated from 
water sources for dairy cattle in dairy farms. We also 
detected the drug resistance genes of CRE as blaNDM, 
blaIMP, and blaOXA48. The dairy farms studied were in 
Kaeng Khoi, Muak Lek, and Wang Muang districts of 
Saraburi Province, and in Kantharawichai and Mueang 
district of Maha Sarakham Province, Thailand.
Materials and Methods
Ethical approval

There is no need of ethical approval for this 
study. However, all procedures in this study, including 
sample collection, did not harm animals or humans.
Location of study and sample collection

A total of 64 water samples were collected from 32 
smallholder dairy farms in two provinces of Thailand 
where livestock farming is the main source of general 
income of the community, i.e., eight farms from Maha 
Sarakham Province (Muang and Kantharawichai) and 
24 farms from Saraburi Province (Kaeng Khoi, Muak 
Lek, and Wang Muang) in Northeast and Central of 
Thailand, respectively (Figure-1). All of 64 water 
samples from the drinking water supply of dairy cattle 
were collected into 500 ml sterilized bottles using an 
aseptic technique. The water samples were stored at 
4°C and transported within 24 h for the experiment at 
the One Health Research Unit laboratory at Faculty of 
Veterinary Sciences, Mahasarakham University and 
Microbiology laboratory at the Faculty of Tropical 
Medicine, Mahidol University.
Bacterial isolation and identification

All water samples were centrifuged at 6000 rpm 
for 10 min, and the precipitants were subjected and 
spread on MacConkey agar (Oxoid, UK). Bacterial 
colonies suspected to be E. coli, which showed lac-
tose-fermenting colonies (pink colonies color), were 
isolated to Gram staining and standard biochemical 
tests, including lysine decarboxylase, triple sugar iron 
agar, indole production tests, ornithine decarboxylase/
deaminase, and motility.
Antimicrobial susceptibility tests for CRE

All E. coli isolates were subjected to antimi-
crobial susceptibility tests following the Clinical and 

Laboratory Standards Institute (CLSI) guidelines 
(CLSI, 2018). Antimicrobial disks were used to deter-
mine the carbapenem-resistant E. coli in the experi-
ment, including 10 µg imipenem (≤19 mm) and 10 µg 
meropenem (≤19 mm) (Oxoid, UK). E. coli strain 
ATCC 25922 was used as a sensitivity control in the 
experiment.
Drug resistance genes detection by polymerase 
chain reaction (PCR)

All E. coli isolates from both water samples were 
determined using representative of CRE drug resis-
tance genes, and the isolates that showed resistance 
to antimicrobial drugs as imipenem and meropenem 
were selected and subjected to PCR to investigate their 
CRE drug resistance genes to confirm at the molecular 
level that they were CRE. The bacteria were cultured 
in 5 ml of tryptic soy broth (Oxoid, UK) and incubated 
18-20 h. After that, they were harvested and centri-
fuged for 5 min at 6000 rpm. The pellet was resus-
pended with 700 µl of sterile distilled water, boiled 
for 15 min, centrifuged at 6000 rpm for 15 min, and 
then the supernatant was assembled for procedure as a 

Figure-1: Study areas, the color points indicated the areas 
of sample collection.



International Journal of One Health, EISSN: 2455-8931 3

Available at www.onehealthjournal.org/Vol.6/No.1/1.pdf

DNA template for PCR amplification. Drug resistance 
gene primers, gene sequences, target gene amplicon 
size, condition of annealing temperature, and E. coli 
positive control strains which were used in PCR are 
presented in Table-1 [8].
Statistical analysis

The data were analyzed as a descriptive analy-
sis using the generalized linear model of Statistical 
Package for the Social Sciences (SPSS) Version 16 
(IBM, NY, USA).
Results
E. coli isolation and CRE antimicrobial resistance

A total of 182 E. coli isolates (140 and 42 from 
Saraburi and Maha Sarakham, respectively) were 
found in 64 water samples obtained from drinking 
water containers of dairy cattle on 32 dairy farms. All 
182 E. coli isolates were tested from drug resistance 
with imipenem and meropenem susceptibility tests 
using the Kirby-Bauer disk diffusion method. Only 
two isolates (from a dairy farm of Saraburi Province) 
showed resistance to imipenem (occurrence rate at 
1.43% of total E. coli from Saraburi). All E. coli iso-
lates were susceptible to meropenem.
Drug resistance genes detection

PCR methods were used to detect CRE drug 
resistance genes (blaNDM, blaIMP, and blaOXA48) in the 
two E. coli isolates with imipenem resistance. Three 
drug-susceptible E. coli isolates which had been col-
lected previously from Maha Sarakham Province 
were also included in this analysis. Among the E. coli 
isolates, two with resistance to imipenem showed pos-
itive results for only blaNDM gene detection by the PCR 
(Figure-2) while the other genes, blaIMP, and blaOXA48, 
both showed a negative result. Furthermore, the three 
susceptible E. coli isolates showed negative results to 
all three drug resistance genes tested.
Discussion

E. coli is recognized to be the most widespread 
Gram-negative bacteria that can cause diseases to 
both humans and animals and also exhibits antimi-
crobial resistance [9]. However, pathogenic E. coli 
in the environment has often been ignored and not 
much weight has been attached to preventative mea-
sures. Many studies have reported the occurrence 
of E. coli among livestock, especially in bovine 
mastitis cases from dairy farms in many areas of 
the world, predominantly in developing countries 

including Uruguay, Brazil, Ethiopia, Mexico, and 
China [10-14]. This research revealed by conven-
tional methods, the presence of E. coli in envi-
ronmental sources in dairy farms. The occurrence 
of E. coli in water sources in dairy farms could 
lead to many infections of dairy cows, including 
intra-mammary gland [15].

The results promote the realization and concern 
about E. coli dispersal to nearby areas through con-
taminated water from the farms. Besides dispersal, 
farmers and agricultural workers should be aware 
as they can be a reservoir of pathogenic bacteria. 
Interestingly, this study showed important informa-
tion about E. coli becoming resistant to carbapenem 
antimicrobial drugs. This is the first report of the 
detection of carbapenem-resistant E. coli on dairy 
farms in Thailand, where there is a need for more 
concern about the usage of antimicrobial drugs. This 
result also implied the potential distribution of car-
bapenem-resistant E. coli within the dairy herds as 
well as may be infected to human and becoming the 
circulation of antimicrobial-resistant E. coli which 
affecting among human, animal, and environmental 
health that called “One Health” [16-20], as shown in 
Figure-3. These findings suggest that a cautious and 
thoughtful approach should be adopted with anti-
microbial drug usage in dairy farms, especially in 
Saraburi Province.

Figure-2: Gel electrophoresis detected blaNDM gene. 
M=Ladder or marker, −=Negative control (Escherichia coli 
ATCC 25922), +=Positive control (laboratory reference), 
1=E. coli isolate No. W 11.2 A, 2=E. coli isolate No. 
W 17.1 C, 3=E. coli isolate No. W 29.1 A, 4=E. coli isolate 
No. W 32.2 A, 5=E. coli isolate No. W 26.5 B.

Table-1: The sequences, amplicon size, and annealing temperature of polymerase chain reaction primers using amplify 
drug resistance genes of Escherichia coli [8].

Genes Sequences Amplicon size (bp) TM in °C

blaNDM F: TAAAATACCTTGAGCGGGC 439 52
R: AAATGGAAACTGGCGACC

blaIMP F: GAGTGGCTTAATTCTCRATC 183 56
R: CCAAACYACTASGTTATCT

blaOXA48 F: GTGGTTGCTTCTCTTTTTCT 736 58
R: ATTTCTGACCGCATTTCCAT
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Conclusion

This study afforded evidence that E. coli can be 
isolated from contaminated water sources at dairy 
farms in Maha Sarakham Province and Saraburi 
Province of Thailand. Furthermore, the detection of 
carbapenem-resistant E. coli from the water samples 
in dairy farms seems to be the first report of CRE 
isolated from an environmental source in Thailand. 
The findings should raise concerns regarding the 
improper usage of antimicrobial drugs in this area. 
Current practice might lead to more severe prob-
lems associated with antimicrobial resistance in the 
future. This information advocates that farmers or 
workers be concerned for clean environments such 
as water sources, soil, tools, and other fomites in the 
farms. They need to regularly change cow bedding 
at the milking areas and stalls, and regularly clean 
stall floors. Proper usage of antimicrobial drugs or 
use based on veterinary advice and improved masti-
tis control programs are required, and farm hygiene 
should be managed and advised by veterinarians. 
Finally, this study will be beneficial for further devel-
oping suitable One Health strategies to integrate the 
prevention and control of antimicrobial resistance in 
livestock farming.
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