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ABSTRACT. A total of 176 E. coli isolates were retrieved from 203 diarrheic fecal samples collected from Korean cattle on 117 different
farms.  The most frequently observed resistance in E. coli isolates was to tetracycline (88.6%), followed by streptomycin (80.7%) and
ampicillin (64.8%).  Resistance to cefazolin, cefoperazone, cefepime and amikacin was very low.  Of the 176 E. coli strains, forty
(22.7%) isolates from 30 farms showed resistance to fluoroquinolones (FQ).  All the FQ-resistant strains possessed double mutations at
codons 83 and 87 in the gyrA gene, and a single mutation mostly at codon 80 in the parC gene, except in one isolate.  The pulsed-field
gel electrophoresis profiles of the FQ-resistant E. coli isolates were heterogeneous, but two or three isolates that showed an identical pat-
tern originated from the same or different farms.  This study demonstrates that FQ resistance is frequently observed in E. coli from diar-
rheic cattle and that mutations in the quinolone resistance-determining region are the same as those seen in E. coli originating from other
animal species and humans.  The FQ resistance in diarrheic cattle might have been mostly acquired independently, although the possi-
bility of transmission of FQ-resistant E. coli within a farm or between farms is plausible.
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Certain strains of Escherichia coli (E. coli) can cause
infections of intestinal tracts including diarrheal diseases in
cattle [22]; fluoroquinolones (FQ) are very effective against
most Gram-negative bacteria and are often the choice for
treatment of the disease [13].  Increased use of FQ, however,
has led to rising rates of resistance to these antimicrobials in
E. coli worldwide [20].  FQ resistance involves three main
mechanisms: target mutations, reduced antibiotic intracellu-
lar accumulation by lowering outer membrane permeability
or increasing efflux activity and target protection mediated
by the Qnr protein [8].  Among them, clinical resistance to
quinolones in E. coli is mostly associated with mutations in
genes that encode subunits of the quinolone target DNA
gyrase and topoisomerase IV [15, 21].

Korea is known to be one of the hot spots of antimicrobial
resistance [10].  High frequencies of antimicrobial resis-
tance in livestock, especially in poultry and swine, have also
been reported in Korea [12].  Since there is no veterinary
prescription regulation, indiscriminate and indiscreet use of
antimicrobials has been a common practice in this country.
In particular, FQ, a broad spectrum antimicrobial agent
effective against most bacteria, has been widely used in the
treatment of diseased cattle in Korea.  While there has been
a number of studies on the mechanisms of FQ resistance in
E. coli that have originated from human clinics in Korea [3,
9], no study has been conducted to elucidate FQ resistance
mechanisms in E. coli isolates from animals, except chick-
ens, in Korea [11].  The aim of the present study was there-

fore to determine the prevalence and mechanisms of FQ
resistance in E. coli isolates from diarrheic beef cattle in
Korea.  To identify clonal spread of resistance among cattle
farms, most of which were located in close geographic prox-
imity, genetic relatedness among the isolates was also deter-
mined using pulsed-field gel electrophoresis (PFGE).

From April 2003 to October 2004, a total of 203 diarrheic
fecal samples were collected from native Korean beef cattle
on 117 farms.  The farms were visited, and fresh fecal sam-
ples were obtained aseptically from individual cattle.  E. coli
strains were isolated on selective agar (Chromogenic E.coli/
coliform agar, Eosin methylene blue agar and MacConkey
agar), and one or two colonies per sample were tested for
biochemical characteristics using the Vitek system
(bioMerieux Vitek, Hazelwood, Mo, U.S.A.) for confirma-
tion of E. coli.  Susceptibilities of the E. coli isolates were
tested against 14 different antimicrobials using the standard
Kirby-Bauer disk diffusion method [1].  Inhibition zones
were interpreted according to the Clinical Laboratory and
Standard Institute (CLSI) guidelines [14].  The minimal
inhibition concentrations (MICs) of nalidixic acid and
ciprofloxacin against E. coli isolates were determined by the
agar dilution method [14].  E. coli (strain) ATCC 25922 was
used for quality control.

Detection of mutations in the quinolone resistance-deter-
mining region (QRDR) of the gyrA gene [15], as well as in
the analogous region of the parC gene [21], in FQ-resistant
E. coli strains was performed by polymerase chain reaction
(PCR).  Amplified products were purified, and both strands
were automatically sequenced using the same set of primers
as for the PCR.  The PFGE was performed according to the
CDC PulseNet standardized procedure [5] for typing E. coli
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using a CHEF Mapper apparatus (Bio-Rad Laboratories,
Hercules, CA, U.S.A.).  Patterns of PFGE were analyzed by
computer-assisted analysis (Applied Maths, BioNumerics),
and a dendrogram was constructed using the Dice coeffi-
cients and unweighted pair group method with the arith-
metic mean (UPGMA).

A total of 176 E. coli isolates were identified from 203
diarrheic fecal samples of cattle.  The results of antimicro-
bial susceptibility testing of these isolates are shown in
Table 1.  The most frequently observed resistance was to tet-
racycline (TET, 88.6%), followed by resistance to strepto-

mycin (STR, 80.7%) and ampicillin (AMP, 64.8%).  Few
isolates, however, were resistant to cefazolin and amikacin,
and all were sensitive to cefoperazone and cefepime.  A total
of 40 (22%) E. coli isolates were resistant to FQ.  All cipro-
floxacin-resistant strains possessed double mutations at
codons 83 and 87 in the gyrA gene, and a single mutation
mostly at codon 80 in the parC gene, except in one isolate,
which had a double mutation at codons 80 and 84.  In every
case, serine was replaced by leucine at codon 83 in the GyrA
protein.  However, aspartic acid at codon 87 was changed
into asparagine (n=34), tyrosine (n=5) or histidine (n=1),

Table 1. Antimicrobial resistance of E. coli isolates from diarrheic cattle feces (n=176)

Class and antimicrobial agents Concentration Diffusion zone No. of resistant 
disk (g)  breakpoint (mm)  isolates (%)

Penicillins
Ampicillin 10 13 114 (64.8)

Cephems
Cephalothin 30 14 20 (11.4)
Cefazolin 30 14 2 (1.1)
Cefoperazone 75 15 0 (0)
Cefepime 30 14 0 (0)

Aminoglycosides
Streptomycin 10 11 142 (80.7)
Gentamicin 10 12 29 (16.5)
Amikacin 30 14 3 (1.7)

Fluoroquinolones
Ciprofloxacin 5 15 40 (22.7)
Enrofloxacin 5 16 40 (22.7)
Norfloxacin 10 12 40 (22.7)

Folate pathway inhibitors
Trimethoprim/sulfamethoxazole 1.25/23.75 10 63 (35.8)

Phenicols
Chloramphenicol 30 12 75 (42.6)

Tetracyclines
Tetracycline 30 14 156 (88.6)

Table 2. Amino acid changes in the QRDR of GyrA and ParC proteins in 44 E. coli strains (40
CIPR and 4 CIPS) in response to nalidixic acid and ciprofloxacin

MICs (g/ml) No. of Amino acid change in the QRDRa)

NAL CIP isolates GyrA ParC

<1 <1 4 Ser-83 + Asp-87 Ser-80 + Glu-84
>128 2 8 Ser-83Leu + Asp-87Asna) Ser-80Ile

1 Ser-83Leu + Asp-87Asn Glu-84Lys
>128 4 1 Ser-83Leu + Asp-87His Ser-80Ile

9 Ser-83Leu + Asp-87Asn Ser-80Ile
1 Ser-83Leu + Asp-87Tyr Ser-80Ile

>128 8 1 Ser-83Leu + Asp-87Asn Ser-80Ile
1 Ser-83Leu + Asp-87Tyr Ser-80Ile

>128 32 2 Ser-83Leu + Asp-87Asn Ser-80Ile
1 Ser-83Leu + Asp-87Tyr Ser-80Ile

>128 128 12 Ser-83Leu + Asp-87Asn Ser-80Ile
2 Ser-83Leu + Asp-87Tyr Ser-80Ile
1 Ser-83Leu + Asp-87Asn Ser-80Ile+Glu-84Gly

NAL: nalidixic acid CIP: ciprofloxacin Ser: serine Leu: leucine Asp: aspartic acid Asn: asparagine Lys:
lysine His: histidine Tyr: tyrosine Ile: isoleucine Glu: glutamic acid Gly: glycine.
a) The designations indicates the change of amino acid and the position number. For example, Ser-
83Leu + Asp-87Asn indicates the change of a serine for a leucine at position 83 and aspartic acid
for a aspargine at position 87.
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respectively.  In the ParC protein, serine at codon 80 was
replaced by isoleucine (n=39), and glutamic acid at codon
84 was replaced by lysine (n=1) and glycine (n=1), respec-
tively (Table 2).  Highly heterogeneous PFGE profiles were
observed among the 40 FQ-resistant E. coli strains.  A total
of 33 subtypes were identified, and the same PFGE patterns
were observed among isolates originating from the same
farms (CA06 and CA07-K from Farm K; CG14 and CG05
from Farm T) and from different farms (CE15-AD and
CE37-Y; CE02-K and CE09-AE; CG14-T or CG05-T and
CE32-B and CD08-U; and CB20-A and CC01-AG), respec-
tively (Fig. 1).

E. coli isolates from diarrheic cattle showed a high prev-
alence of resistance to antimicrobials commonly used in
livestock, such as tetracycline (TET), streptomycin (STR),
and ampicillin (AMP).  The tendency of resistance in diar-
rheic cattle observed in this study was similar to that in
healthy cattle reported from Korea [12], although the preva-
lence of resistance to each antimicrobial in the former was
much higher than in the latter.  The frequency of FQ resis-
tance in E. coli in this study was also marked higher than
that in a previous study on healthy cattle during the same
period as this study in Korea [12].  Several investigators
have also described higher rates of resistance to quinolones
in E. coli isolates from sick animals than those from healthy
animals [7, 16].  This could be the consequence of higher
exposure of sick animals to these antimicrobials compared
with healthy cattle.  Since there is no law or regulation in
Korea that requires a prescription from a veterinarian to pur-
chase and use antimicrobials for animals, the possibility of
abuse or misuse of the drugs by farmers and animal owners
has existed in this country.

Our molecular study on the underlying mechanism of
quinolone resistance showed that all 40 quinolone-resistant
E. coli isolates had three mutations in the gyrA and parC
genes associated with deduced amino acid substitutions,
except for one case that had four.  All the nucleotide substi-
tutions observed in this study have previously been found in
E. coli and are also associated with high-level resistance to
quinolones [18, 21].  According to the previous studies [19,
21], the typical three mutations observed at codons Ser83
and Asp87 in gyrA and Ser80 in parC should have contrib-
uted to the highest level of FQ resistance in the E. coli iso-
lates in this study.  However, no significant difference in the
pattern of amino acid changes was observed among the E.
coli isolates showing different levels of resistance to ciprof-
loxacin.  Sáenz et al. [18] suggested that three amino acid
substitutions are associated with moderate or high level of
ciprofloxacin resistance and that four substitutions are asso-
ciated with highest ciprofloxacin MIC; however, no correla-
tion was observed between the number of mutations and the
level of resistance to ciprofloxacin in the present study.
This result indicates that mutations in the DNA gyrase and
topoisomerase genes might not be the only determinants for
the resistance phenotype of these strains.  For the strains that
had three substitutions and showed the highest ciprofloxacin
MIC (128 g/ml) in this study, the highest level of resis-

tance might have been attributed to additional mechanisms
such as decreased permeability, efflux and target protection
[18].

Examination of clonal relatedness using PFGE revealed
marked genetic diversity, as the 40 FQ-resistant E. coli iso-
lates from 30 cattle farms belonged to 33 subtypes.  The
high degree of genomic diversity among these isolates indi-
cates independent emergence of resistance to FQ among the
cattle.  Our result is in agreement with a number of studies
that have described high genetic variability among qui-
nolone-resistant E. coli strains [4, 17].  However, identical
PFGE patterns were observed among isolates originating
both from the same farm and from different farms, suggest-
ing the possibility of clonal spread of FQ resistant E. coli
within a farm and between farms.  Although there were no

Fig. 1. PFGE patterns and dendrogram showing clustering (by
UPGMA and the Dice coefficient) of 40 fluoroquinolone-resis-
tant E. coli strains isolated from diarrheic  cattle.  
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differences in rearing practices among farms study, the san-
itary conditions of farms K and T, where each of the two
FQ-resistant isolates with identical PFGE patterns were
obtained, were relatively poor.  It is thus speculated that FQ-
resistant E. coli contamination of the interior of the cattle
house, such as floor and fence, may have infected other cat-
tle at the farm.  Meanwhile, farms AD, Y, K, AE, B, U, T, A
and AG, for which FQ-resistant isolates with identical
PFGE patterns were obtained, were located at distances of
approximately 15–30 km, and no movement of animals or
personnel (farmers) was found among the farms.  There is,
however, a possibility of introducing cattle from those
related farms through a local livestock market, that has been
commonly used by all the farms included in this study.
Transmission of resistant bacteria or determinants might
occur through close contact between men, animals, animal
products, manure and surface water [6], and the level of
antimicrobial resistance in an animal population may be
related to contact intensity between the animals and a cer-
tain environment in which antimicrobials are used [2].
Thus, we cannot completely rule out the possibility that the
FQ-resistant bacteria or determinants could have been trans-
mitted by the veterinary practitioner charged with treatment
of the sick cattle and  with providing management advice for
all the cattle farms involved in this study.
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