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The aim of this study was to investigate the drug resistance profile of Escherichia
coli (E. coli) isolated from Tibetan piglets having white score diarrhea in Qinghai
Tibetan Plateau of China. A total of 81 E. coli strains were isolated from 83 fecal
samples. While commonly used antimicrobial drugs and polymerase chain reaction
(PCR) were used to detect the drug resistant and representative drug resistance
genes. The results showed that the isolated E. coli was highly resistant to
medemycin (100%), aztreonam (87.65%), tobramycin (55.56%), and kanamycin
(46.91%), and lower resistant to cefoxitin (40.74%) and ceftazidime (30.86%).
Isolates tolerant to 3 or more than 3 antimicrobial drugs accounted for 87.65% and
were classified as multidrug resistant (MDR). The prevalent genes detected were
blatem and aac-Im, belonging to beta-Lactamases and aminoglycosides, class
respectively. In conclusion, the antimicrobial resistance of E. coli from free-ranging
Tibetan piglets showed a high tolerant rate than other regions of China. The results
of the present study revealed that, the use of single antibiotic for a long period of
time was the main reason that increased the antibiotic resistance in Tibetan pigs.
Therefore, the insensitive antimicrobial drugs should be avoided in clinical
treatment of bacterial diseases.
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INTRODUCTION

Escherichia coli (E. coli) is a commensal bacterium
and opportunistic pathogen that is commonly found in the
intestinal tracts of animals and humans (Agin et al., 1997).
Pathogenic E. coli is important intestinal pathogen in both
humans and animals, including mainly enterotoxigenic E.
coli (ETEC) and enterohemorrhagic E. coli (EHEC)
(Ojeniyi et al., 1994; Nagy et al., 1999). E. coli is generally
used as an indicator to observe anti-microbial resistance in
livestock and meat industry (Moyaert et al., 2014).
Pathogenic E. coli can cause severe diarrhea, and it is an
important reason for large among of deaths of swine and
huge economic losses (Tian et al., 2011). White scour
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diarrhea of piglets is a clinically common acute and highly
lethal intestinal infectious disease caused by
enterotoxigenic E. coli (ETEC). After the accomplishment
of this infection in piglet, the rate of mortality and
medicinal cost increases significantly. The poor growth
performance, high morbidity rate and estimated 50% of
swine mortality is due to diarrhea infections (Morris et al.,
2002; Jin et al., 2000).

Antimicrobial agents are widely used in livestock and
poultry industry. The misuse of antimicrobial agents leads
to the high level of bacterial resistance, alongside the
emergence of multiple antibiotic resistant strains; an
increase in the global health risk of antimicrobial agents
also occurs (Levy and Marshall, 2004). E. coli normally
lives and reproduces in the intestinal flora as an
opportunistic pathogenic bacterium and widely exists in the
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environment. The research to evaluate the selective impact
on E. coli species to various antimicrobial agents revealed
that the selective pressure exerted by these agents is
impressive and cumulative (Diarrassouba et al., 2007).

The mechanism of microbial resistance is based upon
genetic flexibility of bacteria, due to over use of
antimicrobial agents that leads to multiple drug resistance
and spread of antimicrobial resistance globally in humans,
animals and agriculture medicine (Paulo et al., 2013).

Tibetan pig is relatively an ancient unique indigenous
breed, a rare plateau type pig in the world and one of the
only high altitude pasture pig breed in China (Lan et al.,
2016; Li et al., 2016). It is mainly found in the Yarlung
Zangbo river valley and eastern region of the Tibet. Tibetan
pig becomes an important source of income for Tibetans
nomads due to strong adaptability to harsh Tibetan
environment of low oxygen levels and variable
temperatures. The Tibetan breeds are famous for high
proteins and rich amino acids diet; furthermore, this breed
has the ability to tolerate several diseases with its unique
immunity characteristics (Xin et al., 2011; Zhang et al.,
2014). A researcher from China has reported a high
prevalence of anti-microbial resistance (Li et al., 2014) in
Tibetan pigs but until now very less information is available
about the molecular mechanism of drug resistance in Tibet
region of China. Since mostly antibiotic therapy are used to
treat the pig diseases, which leads to a number of high
antimicrobial resistance levels and multiple drug resistance
phenomenon in Tibetan pigs. Antimicrobial resistance is a
worldwide health problem and free ranging farming system
may contribute risk of formation of antimicrobial burden in
Tibet autonomous region of China. Therefore, this
experiment was carried out to investigate antimicrobial
usage and to explore the drug resistance in E. coli from
Tibetan piglets with white score diarrhea and to provide the
information for the prevention and control of the E. coli
infection in swine.

MATERIALS AND METHODS

Sample collection, isolation, and identification: The
present study was carried out in Nyingchi Prefecture, in
southeastern Tibet that has an average height of 3100
meters, the largest continuous high elevation ecosystem (Fig
1). A total 83 fresh fecal samples with white score diarrhea
was collected from free-ranging piglets from July to
October, 2015. All the sampling was done randomly with
irrespective of the gender. After collection, all fecal samples
were stored at 4°C. These samples were transported on ice
to Huazhong Agricultural University for further
experimentation. Fecal samples were cultured on nutrient
broth, then organism was cross-inoculated on MacConkey
agar (Hangzhou microbial, China), and single pink color
colonies were picked and purified on MacConkey agar. Pink
color colonies were taken and inoculated on selective media
i.e. Eosin methylene blue agar (EMB) (Hangzhou microbial,
China), suspected colonies were subjected to gram staining
(first in gram dye solution after dyeing, with 100x optical
show Micro mirror for microscopy, according to the
bacterial form, and the characteristics of the staining, the
gram staining was negative, both ends obtuse, no spores and
medium-sized coli preliminary as E. coli). For further
validation, blue-black color colonies with a metallic green
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sheen color were regarded as an E. coli and identified
through several biochemical tests (Urease production,
Catalase test, Motility, Voges Proskauer, Indole production,
Carbohydrate fermentation tests, Methyl red and Citrate
utilization) (Table 1) (Edwards and Ewing, 1972; Tabar et
al., 2016). For species identification 16S rDNA sequencing
(Using universal primers) was performed as suggested by
Edward and Wang (Edwards et al., 1972; Wang et al.,
2003).

Antibiotic sensitivity tests: Disk diffusion test was
performed to detect antibiotic sensitivity of the isolates by
using (NCCLS, 1999) following drugs: quinolone class:
ciprofloxacin, ofloxacin and norfloxacin; amino sugars

nucleoside: gentamycin, tobramycin, kanamycin and
streptomycin; beta-Lactam class: cefoxitin, cefalotin,
ceftriaxone,  cefuroxime,  ceftazidime,  cefotaxime,
cefoperazone, ampicillin and aztreonam; tetracycline;

macrolide class: medemycin (Hangzhou Microbial, China).

In this experiment, standard strain of bacteria
ATCC25922 strain (HZAU, Wuhan) was used as control
positive while clear broth as negative control. Results of
resistance (R), intermediate (I) and sensitive (S), were
recorded according to criteria of clinical laboratory
standards committee (CLSI, 2014).

The sensitivity of the antibiotics was also confirmed by
using broth dilution method following the guidelines and
standards provided by NCLLS. At the same time,
ATCC25922 was used as a quality control. Each drug test
was repeated 3 times to avoid muddy hole corresponds. The
lowest drug concentration was used as the minimum
bacteriostatic concentration of the corresponding drug.

Screening for drug resistance genes: The E. coli
chromosomal DNA was extracted using boiling method
(Zhang et al., 2015). Briefly, the samples were inoculated
into APW-A, and incubated broth was centrifuged at
8000rpm for 10min, and the supernatant was discarded.
50uL of sterile distilled water was added to the tubes and
boiled in a water bath at 100°C for 10min and immediately
transferred onto ice.

Based on previous reference (Joseph, 2001; Vincent,
2005; Olson, 2005; Karami, 2008; Mao, 2011; Zheng,
2013), primers shown in Table 2 were designed and
synthesized by Wuhan Qingke Biotechnology Co, Ltd
(Wuhan, China). The PCR was performed in applied
thermal cycler (Applied Biosystem) using PCR Kkits
according to the manufactures instructions. The PCR
reaction was performed following standard protocol (Zhang
et al., 2012). The PCR products were separated through
electrophoresis in 1.5% (w/v) agarose gel stained with
ethidium bromide and observed with gel imaging system
purchased (Gene Genius Biolmaging System, UK).

RESULTS

Isolation, culturing and identification of E. coli: A total
83 fresh fecal samples with white score diarrhea were
collected and 81 isolates of E. coli were identified, with
overall isolation rate of 97.59%.

Antibiotic resistance of E. coli isolates: In present study
among 81 E. coli isolates from Tibetan piglets with white
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Fig. 1: Collection site of the samples in Tibetan piglets, Tibet China.

Table I: Biochemical tests used for E. coli identification

Tests Results Tests Results
Urease production - Indole production +
Catalase test - Carbohydrate fermentation tests +
Motility +  Methyl red +

Citrate utilization - Voges proskauer -

Table 2: The sequence and oligonucleotide primers for the PCR and the
sizes amplified

Primer Sequence (5'-3) Size(bp)References
blarem F: TCGCCGCATACACTATTCTCAGAATGA 445bp Mao, 201 |
R: ACGCTCACCGGCTCCAGATTTAT
bla F: ATGTGCAGYACCAGTAARGTKATGGC593bp Olson,
crxMm R TGGGTRAARTARGTSACCAGAAYCAGCGG 2005
bla F: ATATCTCTACTGTTGCATCTCC 619bp Karami,
oxal  R: AAACCCTTCAAACCATCC 2008
blashv F: GGGTTATTCTTATTTGTCGC 567bp Vincent,
R: TTAGCGTTGCCAGTGCTC 2005
gnrA  F: ATTTCTCACGCCAGGATTTG 730bp Zheng,
R: GATCGGCAAAGGTTAGGTCA 2013
gnrB  F: GATCGTGAAAGCCAGAAAGG 469bp Zheng,
R: ACGATGCCTGGTAGTTGTCC 2013
aac-lm F: GGCTGACAGATGACCGTGTTCTTG  303bp Joseph,
R: GTAGATATTGGCATACTACTCTGC 2001

score diarrhea, all the isolates were sensitive to ceftriaxone,
cefoperazone, ofloxacin and ofloxacin. For other antibiotics,
including norfloxacin, cefalotin, streptomycin, cefotaxime,
cefuroxime, the number of isolates were 3, 4, 5, 8 and 15,
respectively. The highest resistance was found for
medemycin (81 isoaltes), followed by aztreonam,
tobramycin, kanamycin, cefoxitin (33 isolates), ceftazidime,
ampicillin, gentamycin and tetracycline (Fig. 2). A total of
71 MDR strains were isolated from piglets. The rates of
multidrug resistant (MDR) E. coli isolates are summarized
in Fig. 3.
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Fig. 2: Antimicrobial sensitivity testing of E. coli isolates from Tibetan pigs.

PCR detection of drug resistance genes: The results
showed that 34.57 and 22.22% E. coli isolates were positive
for blarem and aac-Im genes respectively, while blacrx.m,
blaoxa-1, blaskv, gnrA, gnrB genes were negative for all the
tested isolates (Fig. 4).
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Fig. 3: The results of multi-drug resistance (MDR).
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Fig. 4: The PCR amplification results of the aac-Im and blarem.

DISCUSSION

E. coli post weaning diarrhea is very common cause of
huge economic losses in pig production. It increases
mortality and morbidity rate and cost of medication and
decreases the growth performance in pig industry (Nagy and
Fekete, 2005). One specific serotypes of E. coli can cause
various infections in piglets, however there is no pertinent
vaccine to prevent it, although the antimicrobial agent is
often used for the control and treatment of various
colibacillosis diseases. Recently, due to increase use of
antimicrobial agents, the bacteria have developed resistance
against the several antibacterial agents (Fred, 2006). Generic
E. coli is the gram-negative bacteria, which develops
resistance to antibiotics easily; at the same time, the
resistances within the bacteria become complex which leads
to multi drug resistant strains of the organism which may
cause many difficulties in controlling the diseases (Threfall
etal., 1993; Varga et al., 2008).

Considering the serious state of indiscriminate use of
antibiotics, many people have paid attention to drug-
resistant strains (Zhang et al., 2012). The resistance to E.
coli is associated with the use of antimicrobial agents in
veterinary medicine, and the drug resistance of E. coli
bacterium is different in different region (Wang et al.,
2013). Although in the same area there still have different
resistance strains in different habits. Therefore, it is very
important to investigate the drug resistance of E. coli in
Tibetan region within the scope of pigs. In this study, we
investigate the antimicrobial resistance of E. coli isolated
from free-ranging Tibetan piglets with white score diarrhea
for determining the resistance of colibacillosis in Tibetan
piglets and providing a positive reference to the treatment of
colibacillosis outbreak in the future.

In the present findings, the rate of resistance to
antibiotics was relatively low in the Tibetan piglets E. coli
isolates than some other regions of northeast (Liaoning



province), north (Beijing), southwest (Sichuan province),
southern (Guangdong province) and central (Henan and
Jiangxi provinces), regions of China (Lei et al., 2008).
Moussa et al (2007) also reported low rates of resistance to
ceftiofur, streptomycin, and gentamicin in chickens than
those receiving feed with the corresponding antimicrobials
(Moussa et al., 2007). Present results revealed that free
ranging Tibetan pigs were exposed to antibiotics found in
the specific area, which is one of the important reason that
have a lower resistance to antibiotics in Tibetan piglets. For
further confirmation of the results, the drug susceptibility
test was confirmed by PCR for the tested p-lactams and
aminoglycoside antibiotics. In our study, the rates of
resistance to commonly used B-lactams and aminoglycoside
were 3457 and 22.22%, respectively, while the
sulfonamides were found to be negative, alongside the drug
sensitivity test have found the similar phenomena. An
important aspect of the drug resistance in Tibetan area may
be due to rational use of antibiotics by the farmers and then
using same kind of antibiotics for long-time. In addition,
China's Tibet Autonomous Region is a famous tourism
hotspot with hyper mobility, which may severe as a risk for
the dissemination of antibiotic resistance.

Conclusions: Our findings demonstrate the antimicrobial
resistance of E. coli in free-ranging Tibetan piglets with
white score diarrhea. Therefore, it is suggested to use drug
sensitive test to determine the suitable dose. Furthermore,
the husbandry of Tibetan pigs and diagnosis techniques for
bacterial infection needs to be updated to decrease
antimicrobial resistance in Tibetan pigs. Additionally,
authorities should strictly make a policy for the control and
safe use of antibiotic drugs in veterinary medicine.
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