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Abstract: Th e main objectives of this study were to determine the prevalence and antimicrobial resistance patterns 

of Escherichia coli isolates in feces of pigs and their production environments on farms. A total of 560 isolates of 

Escherichia coli, from 112 samples obtained from weaner and fi nisher pigs, feed, water, and house sparrows on 8 farrow-

to-fi nish farms, were tested for susceptibility to 16 antimicrobials. Th e prevalence of resistance varied widely (0.0% to 

69.5%) among the antimicrobials tested. From the tested swines, 75.75% of the isolates were resistant to one or more 

antimicrobials. Resistance was signifi cantly more frequent (P = 0.005, P < 0.01) in swine isolates compared to those from 

feed, water, and sparrows and signifi cantly more frequent (P = 0.007, P < 0.01) in weaner pigs compared to fi nisher pigs. 

Th e fi ndings indicate that resistance to a broad range of antimicrobials was prevalent among fecal E. coli isolates of swine 

on the study farms. Fortunately, E. coli was not isolated from the feed, water, and house sparrows.
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Antimicrobials are valuable tools to treat clinical 
diseases and to maintain healthy and productive 
animals (1), but their use can lead to selection for 
resistant bacteria (2−4). Antimicrobial resistance 
among commensal E. coli of swine is important 
because it refl ects the selective pressure exerted 
on E. coli to develop resistance and is one of the 
potential reservoirs of resistance genes available 
for dissemination to pathogens (5,6). Th erefore, 
the World Health Organization (WHO) and World 
Organization for Animal Health (OIE) recommend 
monitoring antimicrobial resistance in commensal E. 

coli (7,8). Unfortunately, data on the antimicrobial-
resistant commensal E. coli are sparse in developing 
countries, particularly in China where antimicrobials 
are overused in veterinary medicine and food 
animals. 

Th e purpose of this study was to determine 
antimicrobial resistance profi les of E. coli isolates in 
healthy swine herds, weaner and fi nisher pigs, and 
their production environments on 8 purposefully 
selected farrow-to-fi nish farms in the Shandong 
Province of China.
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All of the samples were collected randomly from 
each of the 8 farms, for culture and isolation of E. coli, 
during 2009 and 2010. On each farm, 10 fecal samples 
were collected from each of the weaner and fi nisher 
pig groups and pooled, respectively, 2 samples were 
collected from 2 healthy house sparrows, and 2 
samples were collected from feed and water, giving 
a total of 112 samples. Within 24 h of collection, the 
samples were streaked for isolation on MacConkey 
agar plates. Th e plates were incubated at 37 °C for 
18−24 h. From each sample, 5 colonies with typical 
E. coli morphology were picked and streaked again 
on MacConkey agar plates and then restreaked on 
Miller agar plates (Difco, Becton, Dickinson). Th e 
isolates were tested for indole production and use 
of citrate as the sole carbon source. Lactose positive, 
indole positive, and citrate negative isolates were 
considered to be E. coli. 

Antimicrobial susceptibility testing was 
performed according to the National Committee 
for Clinical Laboratory Standards methods (9). 
Antimicrobial minimum inhibitory concentrations 
(MICs) for the E. coli isolates were determined via 
broth microdilution using the PASCO MIC/ID 
system. Antimicrobials included in the panels are 
listed in Table 1. E. coli ATCC 25922 was used as a 
quality control strain. 

Overall, 112 samples were obtained for culture. 

From each sample, 5 isolates (independent colonies) 

were obtained, giving a total of 560 isolates that were 

tested for susceptibility to 16 antimicrobials. Out of 

560 isolates, 200 were from weaner pigs, 200 were 

from fi nisher pigs, 80 were from feed and water, and 

80 were from sparrows.

Th e results of antimicrobial susceptibility in E. 

coli isolates are summarized in Table 2. Th e overall 

prevalence of resistance was as follows: 75.75% 

(303/400) of the isolates from the weaner and fi nisher 

pigs were resistant to at least 1 antimicrobial. Of the 80 

isolates from feed and water, 12 (15%) were resistant, 

each of them to only 1 antimicrobial agent tested. 

Meanwhile, 8 of the 80 (10 %) E. coli isolates from 

the house sparrows were also resistant. In the E. coli 

isolates from swine, the point prevalence was higher 

in isolates from weaners than from fi nishers, and the 

highest prevalence of resistance was to tetracycline 

(69.5%) and sulfamethoxazole (68%) in weaners, but 

the isolates were sensitive to neomycin, ceft riaxone, 

and ceft azidime. Th e result was less serious than the 

study by Yang (1).

Overall, the isolates from weaners were 
signifi cantly (P = 0.007, P < 0.01) more likely to be 

Table 1. Th e MIC distributions (range) and also breakpoints of antimicrobials.

Antimicrobials Resistance breakpoint MIC50 MIC90
 (μg/mL) (μg/mL) (μg/mL)

Ampicillin 32 >32 >32
Amoxicillin 32.16 8.4 16.8
Streptomycin 64 >256 >256
Gentamycin 16 2   >16
Kanamycin  500 >64  2048
Nalidixic acid 32 >256 >256
Neomycin   4   4 >8
Tetracycline 16 >32 >32
Chloramphenicol 32  4 >32
Florfenicol  32  16 >32
Sulfamethoxazole 512 >512 >512
Levofl oxacin 8 8   >16
Ciprofl oxacin 4 16  >16
Ceftriaxone  64        <0.025 <0.025
Ceftazidime  32 16  >32
Cephalothin  32 16  32
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resistant to antimicrobials than the isolates from 
the fi nisher pigs. Th at might be due to the more 
extensive use of antimicrobials in weaners for growth 
promotion, treatment, and prophylaxis than in 
fi nisher pigs (10). Furthermore, weaners are younger 
and at risk of enteric infections, perhaps because of 
waning passive immunity, mixing with pigs from 
other litters or farms, and colonization by resistant 
organisms (11). Antimicrobials tend to be used less 
frequently in fi nishers, in part because they are close 
to marketing for human consumption and there is a 
need to avoid antimicrobial residues in pork (12).

With regards to the multidrug resistance profi les, 
the majority of isolates from swine were resistant to 

at least 2 antimicrobials from the 16 tested. Patterns 

of resistance to more than 2 antimicrobials are 

presented in Table 3. Of the isolates, 1 was resistant to 

15 antimicrobials (0.18% of the isolates; the highest 

in this study), and 57 (10.18% of the isolates; the 

most in the study) were resistant to 6 antimicrobials. 

Th e isolates were mostly resistant to between 4 and 8 

antimicrobials in this study.

Resistance to the aminoglycosides and penicillins, 

sulfonamides, and tetracyclines were most common 

among the observed patterns. Th e most common 

resistance pattern was Tetracycline + Sulfonamide + 

Amino glycoside + Penicillin.

Table 2. Percentage of antimicrobial-resistant E. coli isolates.

Antimicrobials

Percentage of resistance (%)

Weaners

(n = 200)

Finishers

(n = 200)
Combineda Feed and water

(n = 80)

Sparrows

(n = 80)

Ampicillin 58.5 43 50.75 1.25 0

Amoxicillin 48.5 30 39.25 1.25 1.25

Streptomycin 57.5 50 53.75 0 3.75

Gentamycin 20.5 14.5 17.5 0 0

Kanamycin 26 3.5 14.75 0 0

Neomycin 3.5 3 3.25 0 0

Nalidixic acid 58 47 52.5 1.25 0

Tetracycline 69.5 52 60.75 6.25 3.75

Chloramphenicol 23.5 14 18.75 1.25 0

Florfenicol 9.5 3 6.25 0 0

Sulfamethoxazole 68 42 55 3.75 1.25

Levofl oxacin 38 17.5 27.75 0 0

Ciprofl oxacin 45.5 30 37.75 0 0

Ceft riaxone 0.5 0 0.25 0 0

Ceft azidime 0 0 0 0 0

Cephalothin 48.5 32 40.25 0 0

aTh e results combined weaners and fi nishers. 



H.-C. ZHOU, L. LIU, Z.-F. TIAN, W.-J. ZHANG

721

Although the use of chloramphenicol was forbidden 
in China, resistance to the antimicrobial persisted in 
the fecal E. coli of swine (Table 2). Th e persistence 
of resistance to chloramphenicol might result from 
the process of co-selection by other antimicrobials 
still being used in pigs (13). Th is occurs when genes 
encoding for these withdrawn antimicrobials are 
linked with those encoding for other antimicrobials 
still being used (6). Another pathway for persistence 
of antimicrobial resistance is the linkage of 
chromosomally located antimicrobial resistance genes 
that are not readily lost by bacteria (14).

As far as public health is concerned, we should 
note that 1 isolate from weaners was resistant 
to ceft riaxone, which is the third-generation 
cephalosporin used to treat E. coli and Salmonella 
infections in children (15).

Fortunately, the results showed that swine 
antimicrobial-resistant E. coli was not isolated 
from feed, water, and sparrow samples and their 
antimicrobial resistance may refl ect a persistence of 
commensal bacterial microbiota.

In conclusion, the fi ndings of this study refl ect 
the on-farm selection pressure for antimicrobial 
resistance and the potential food-safety risk from 
near-market animals. Describing antimicrobial 
resistant E. coli in the 8 swine farms provides baseline 
information for monitoring on-farm antimicrobial 
resistance in E. coli.
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Table 3. Percentage of multi-antimicrobial resistant E. coli isolates. 

Number of 

antimicrobials 

isolates resistant to 

Prevalence of resistance (%)a,b

Weaners isolates

(n = 200)

Finishers isolates

(n = 200)

Feed and water isolates 

(n = 80)

Sparrows isolates 

(n = 80)

2 4 4 0 0

3 6 4.5 0 0

4 8 6 0 0

5 10 8 0 0

6 16 12.5 0 0

7 13.5 10 0 0

8 13 10 0 0

9 2.5 1 0 0

10 1.5 1.5 0 0

11 3 2 0 0

12 1.5 0.5 0 0

13 0 0 0 0

14 0 0 0 0

15 0.5 0 0 0

16 0 0 0 0

aOverall, signifi cantly diff erent between weaners and fi nishers (P = 0.007, P < 0.01).
bOverall, signifi cantly diff erent between isolates from swine and feed, water and sparrows (P = 0.005, 

P < 0.01).
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