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SUMMARY: This study was conducted to determine the prevalence of antimicrobial resistance in Shiga
toxin-producing Escherichia coli (STEC) O157 (n = 241) and 026 (n = 11) isolated from beef cattle
and to characterize their antimicrobial resistance profiles. Resistance to dihydrostreptomycin was de-
tected most frequently (STEC 0157, 9.5%; STEC 026, 54.5%), followed by resistance to oxytetracy-
cline (7.9%:; 45.5%) and ampicillin (5.4%; 36.4%). Resistance to one or more antimicrobial agents was
detected in 13.3% (32/241) of the STEC O157 isolates and 54.5% (6/11) of the STEC 026 isolates. The
antimicrobial resistance rate in the STEC 026 isolates was significantly higher than that in the STEC
0157 isolates (P = 0.002, Fisher’s exact test). The antimicrobial resistance rate in the STEC O157 iso-
lates possessing both stx; and stx, genes was 26.3% (15/57), while that in the isolates possessing stx;,
gene alone was 3.9% (3/77). These findings suggest that the antimicrobial resistance in STEC 0157 is
associated with serogroups and the Shiga toxin genotype.

INTRODUCTION

Shiga toxin-producing Escherichia coli (STEC) is a
major human food-borne pathogen worldwide and
causes various illnesses, ranging from mild intestinal
disease to a life-threatening complication known as he-
molytic-uremic syndrome (1). Although many STEC O
serogroups cause human STEC infections, STEC O157
has been the cause of most outbreaks of such infections
in Japan (2). In general, beef cattle are considered the
main reservoir of STEC. We previously reported that
STEC 0157 and STEC 026 were, respectively, isolated
from 8.9% (218/2,436) and 0.4% (10/2,436) of beef
cattle in Japan (3).

There is evidence that humans are infected with an-
timicrobial-resistant pathogenic E. coli isolates from
cattle (4). Kobayashi et al. (5) reported that antimicrobi-
al resistance was observed in 23.7% (28/118) of STEC
isolates obtained from healthy dairy cows between 2006
and 2007. Dairy beef is commonly consumed in Japan,
but accounted for only 24% of the country’s total beef
production from 2006 to 2009 (6). Therefore, the preva-
lence and characteristics of antimicrobial-resistant
STEC isolates from beef cattle, as well as dairy cattle,
should be investigated.

Antimicrobial chemotherapy for STEC infections
remains controversial (7,8), although many patients
with diarrhea receive empirical antimicrobial chemo-
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therapy in hospitals. This study was conducted to deter-
mine the prevalence of antimicrobial resistance in STEC
0157 and 026 isolates obtained from beef cattle.

MATERIALS AND METHODS

Isolates: We used 252 STEC isolates obtained from
234 heads of apparently healthy beef cattle in 119 beef
farms in Japan between November 2007 and March
2008 in this study. All the isolates possessed both eaeA
and enterohemorrhagic E. coli (EHEC)-hlyA genes. Of
the 252 STEC isolates, 241 were obtained from 224
heads of beef cattle in 113 beef farms in a previous study
(3). The remaining 11 isolates were obtained from 10
heads of beef cattle from 6 beef farms in Japan during
the same period. The Shiga toxin genotypes identified in
all the isolates are listed in Table 1.

Antimicrobial agent susceptibility testing: The mini-
mum inhibitory concentration (MIC) values of 16 an-
timicrobial agents were determined using the agar dilu-
tion method as per the guidelines of the Clinical and
Laboratory Standards Institute (CLSI) (9). Enterococ-
cus faecalis ATCC29212, E. coli ATCC25922, and
Staphylococcus aureus ATCC29213 were used as the
quality control strains. We tested the following an-
timicrobial agents: ampicillin (ABPC), cefazolin (CEZ),
ceftiofur (CFT), dihydrostreptomycin (DSM), gentami-
cin (GM), kanamycin (KM), apramycin (APM), oxy-
tetracycline (OTC), bicozamycin (BCM), chloram-
phenicol (CP), colistin (CL), nalidixic acid (NA), en-
rofloxacin (ERFX), sulfadimethoxine (SDMX),
trimethoprim (TMP), and fosfomycin (FOM). The
resistance breakpoints were adopted from those defined
by the CLSI (10). We obtained the breakpoints not de-
fined by the CLSI from a report on the Japanese Veteri-



Table 1. Shiga toxin genotypes of STEC 0157 and STEC 026 isolates

No. of genotypes (%)
among tested isolates

Shiga toxin genotype

No. of genotypes (%)
among antimicrobial
resistant isolates

STEC 0157 STEC 026 STEC 0157 STEC 026
St 6 (2.5) 11 (100.0) 1 (3.0 6 (100.0)
stx; + stx, 53 (22.0) 14 (43.8)
stx, + Stxs. 16 (6.6) 6 (18.8)
stx; + stx, + stxy 4(1.7) 1@3.0)
Stx; 20 (8.3) 309.9)
StX5e 77 (32.0) 309.9
Stx; + Stxy 61 (25.3) 4 (12.5)
SIX2.Nv206 4 (1.7)
Total 241 11 32 6
Table 2. Primers used for additional PCR
Target Nucleotide sequence (5’ —3") Accession no. Position
blaacc. ATGCAGAACACATTGAAGCTG AJ133121 650-670
CTACTTATTCCCTTCCAATGA 1810-1790
blaacr. ATGATGATGACTAAATCCCT U58495 28-47
CTACAGCGCGCTCAAAATACG 1173-1153
blayiox.s ATGCAACAACGACAATCCATCCTG EU515248 1-24
TTACCTGGCCAGTTGCGTCAGGAT 1149-1126
blarox., ATGCAACAACGACGTGCGTTCGCG X77455 701-724
TCACTCGGCCAACTGACTCAGGATG 1839-1815
blayir. ATGATGACAAAATCCCTAAGC M37839 928-948
TTACTGCAGCGCGTCGAGGAT 2073-2053

nary Antimicrobial Resistance Monitoring System
(JVARM) (11). In this study, we defined the breakpoint
for APM as 32 mg/L by taking into consideration the
the midpoint between the peaks of each MIC distribu-
tion.

In addition, susceptibilities of 3 CFT-resistant isolates
to 8 B-lactam agents (ABPC, piperacillin, cefotaxime
[CTX], ceftazidime [CTZ], cefpodoxime [CPD],
flomoxef, aztreonam [AZT], and imipenem) were tested
according to the CLSI guidelines (9,10) using the com-
mercially available broth microdilution test (Eiken Co.,
Tokyo, Japan). E. coli ATCC25922 and Pseudomonas
aeruginosa ATCC27853 were used as the quality control
strains.

p-Lactamase study: CFT-resistant isolates were tested
by a double-disk clavulanate synergy test, as described
previously (12), to detect CFT-resistant isolates produc-
ing extended-spectrum f-lactamases (ESBLs). The syn-
ergy between clavulanate and CTX, CTZ, CPD, or
AZT disks (Nissui, Tokyo, Japan) was investigated. The
detection of f-lactamase genes and amplification of the
promoter region of the ampC gene were carried out by
PCR. First, we used 9 primer sets for the detection of f-
lactamase genes (blacrxwm, blatem, blasyy, blapsg.i,
blacrxmas blacrxao, blacmy., blacwy, and blapoy)
(13,14). Five additional primer sets were used to detect
the f-lactamase genes in 2 CFT-resistant STEC O157
isolates (Table 2). The cycle conditions for PCR using
these 5 primer sets were 30 amplification cycles at 95°C
for 30 s, 55°C for 30 s, and 72°C for 1 min, followed by
72°C for 7 min. A multiplex PCR method reported by
Dallenne et al. (15) was used to detect the genes of
AmpC p-lactamase groups (ACC, FOX, MOX, DHA,
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CIT, and EBC). Amplification of the promoter region
of the ampC gene in the 2 CFT-resistant STEC O157
isolates was conducted using a primer set, as reported by
Kojima et al. (13). The nucleotide sequences of S-lac-
tamase and the promoter region of the ampC genes were
detected by direct DNA sequencing.

RESULTS AND DISCUSSION

The MIC distributions of the 16 antimicrobial agents
against the STEC isolates are listed in Table 3.
Resistance to DSM was detected most frequently (STEC
0157, 9.5%; STEC 026, 54.5%), followed by
resistance to OTC (7.9%; 45.5%) and ABPC (5.4%;
36.4%). The rates of resistance to ABPC, DSM, and
OTCin E. coliisolates obtained from healthy beef cattle
in Japan in 2007 were 9.2%, 19.2%, and 26.2%, respec-
tively, and these were the highest resistance rates from
among those for the 15 tested antimicrobial agents
(ABPC, CEZ, CFT, DSM, GM, KM, APM, OTC,
BCM, CP, CL, NA, ERFX, SDMX, and TMP) (11).
Penicillins, tetracyclines, and streptomycins are classi-
cally approved in Japan and have been commonly used
in animal husbandry for long periods (16,17). In the
present study, resistance to one or more antimicrobial
agent was detected in 13.3% (32/241) of the STEC 0157
isolates and 54.5% (6/11) of the STEC 026 isolates.
The rate of antimicrobial resistance in STEC 026 iso-
lates was significantly higher (P = 0.002, Fisher’s exact
test) than that in STEC O157 isolates, although the
number of STEC 026 isolates tested was small. Mora et
al. (18) have reported that STEC isolates are obtained
from humans, cattle, sheep, and food in Spain, and the



Table 3. The MIC distiribution of antimicrobials for STEC O157 (n = 241) and STEC 026 (n = 11) from beef cattle

o i MIC (mg/L) Break point Resistant isolate
Antimicrobial (mg/L)
0.063 0.125 0.25 0.5 1 2 4 8 16 32 64 128 >128 & No. (%)
ABPC STEC 0157 188 40 1 12 320 13 (5.4)
STEC 026 7 4 4 (36.4)
CEZ STEC 0157 62 165 12 1 1 320 2 (0.8)
STEC 026 1 8 1 1 19.1)
CFT STEC 0157 17 6 150 66 2 ) 2 (0.8)
STEC 026 9 1 1 19.1)
DSM  STEC 0157 192 23 3 3 12 6 2 302 23 (9.5)
STEC 026 5 2 4 6 (54.5)
GM STEC 0157 129 110 1 1 16D 1(0.4)
STEC 026 4 7 0 (0.0)
KM STEC 0157 6 130 103 1 1 64D 2 (0.8)
STEC 026 4 5 2 2 (18.2)
APM  STEC 0157 58 182 1 329 1(0.4)
STEC 026 11 0 (0.0)
OTC STEC 0157 6 208 8 19 16 19 (7.9)
STEC 026 5 1 2 2 1 5 (45.5)
BCM  STEC 0157 2 231 4 4 1282 4(1.7)
STEC 026 5 6 0 (0.0)
CP STEC 0157 49 185 2 1 3 1 300 5(2.1)
STEC 026 2 7 2 2 (18.2)
CL STEC 0157 111 127 1 2 169 3(1.2)
STEC 026 10 1 19.1)
NA STEC 0157 1 234 4 1 1 302 1(0.4)
STEC 026 11 0 (0.0)
ERFX STEC 0157 240 1 20 0 (0.0)
STEC 026 11 0 (0.0)
SDMX STEC 0157 39 202
STEC 026 1 1 9
TMP  STEC 0157 1 11 79 137 7 1 1 1 3 16 4(1.7)
STEC 026 2 7 2 2 (18.2)
FOM  STEC 0157 3 74 129 28 5 2 256D 0 (0.0)
STEC 026 2 2 6 1 19.1)

D: The value was a CLSI breakpoint.
2); The value was a NVAL breakpoint.

3: The value was set as the midpoint between the peaks of each MIC distribution.
ABPC, ampicillin; CEZ, cefazolin; CFT, ceftiofur; DSM, dihydrostreptomycin; GM, gentamicin; KM, kanamycin; APM, apramycin; OTC,
oxytetracycline; BCM, bicozamycin; CP, chloramphenicol; CL, colistin; NA, nalidixic acid; ERFX, enrofloxacin; SDMX, sulfadimethoxine;

TMP, trimethoprim; FOM, fosfomycin.

rate of antimicrobial resistance in STEC 026 (60.0%,
24/40) was higher than in STEC 0157 (41.1%, 58/141).
To our knowledge, this is the first report to show that
the antimicrobial resistance rate in STEC 026 is higher
than that in STEC O157. In addition, 24 (75.0%) of the
32 STEC 0157 isolates and all 6 STEC 026 isolates ex-
hibited resistance to multiple antimicrobials (Table 4).
Thus, STEC 026 isolates may acquire antimicrobial
resistance more easily than STEC O157 isolates do.

In Japan, FOM is the most commonly used agent in
antimicrobial chemotherapy for STEC infections be-
cause of its minimal side effect profile; fluoroquino-
lones and cephalosporins are also commonly used
(19-21). In the present study, although ERFX demon-
strated strong activity (MIC < 0.5 mg/L) against all the
isolates, we detected resistance to CFT and FOM in
STEC isolates from beef cattle. One STEC 026 isolate
(9.1%, 1/11) and 2 STEC 0157 isolates (0.8%, 2/241)
exhibited resistance to CFT in this study. The CFT-
resistant STEC 026 isolate (53-1A) was obtained from
Holstein-Friesian (HF) cattle raised in Hokkaido. The 2
CFT-resistant STEC O157 isolates (325-6F and 27-4C)
were obtained from Japanese Black (JB) cattle raised in
Saga Prefecture and first-generation hybrid (HF X JB)
cattle raised in Niigata Prefecture, respectively. Suscep-
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tibilities of these 3 CFT-resistant isolates to 8 S-lactam
agents were investigated, and the antimicrobial
resistance profiles of f-lactam agents in these CFT-
resistant isolates were found to differ from each other
(Table 5). The double-disk clavulanate synergy test
yielded positive and negative results for the CFT-
resistant STEC 026 and STEC 0157 isolates, respec-
tively. Moreover, we detected the blacrx.m.14 gene in the
STEC 026 isolate, while no S-lactamase genes were de-
tected in either STEC O157 isolate. These results suggest
that the STEC 026 isolate produced CTX-M-14 ESBL,
and the STEC O157 isolates produced cephalospo-
rinases. It has been reported that blacrx.m.14 (identical to
blacrx.1s) has been detected in E. coli from broilers
(13,22), and in STEC 026 isolated from a girl in Japan
(23). As for the CFT-resistant STEC O157 isolates, we
conducted an additional PCR assay for 5 f-lactamase
genes (blaACT_l, blapox_l, blaAcc_l, blaDHA, and blaMox)
and a multiplex PCR reported by Dallenne et al. (15),
but the 2 STEC O157 isolates yielded no PCR products.
Furthermore, there were no mutations in the ampC
promoter regions linked to the hyperexpression of
AmpC chromosomal cephalosporinase in the 2 STEC
0157 isolates (24-26). Therefore, the determinants for
CFT resistance in the 2 STEC O157 isolates could not be



Table 4. Antimicrobial resistance profiles of STEC O157 (n = 32) and STEC 026 (n = 6) isolates

No.D Antimicrobial resistance profile Genotype STEC 0157 STEC 026
1 ABPC StXs¢ 1
DSM StXye 1
Stx, + Stxs. 2
OTC stx; + stx, 1
BCM Stx; + Stxs 1
CP stx; + stx, 1
CL Stxc 1
2 ABPC + DSM StX) 1
Stx; + stx, 1
DSM + OTC StX, 2
stx; + Stxs. 5
StX, 1
Stx; + Stx, + Stxs 1
OTC + CP stx; + stx; 2
3 ABPC + DSM + OTC StX, 1
stx; + stx, 7
ABPC + DSM + TMP StX; 1
Stx, + Stxs 1
DSM + OTC + CP stx; + stx, 1
4 GM + KM + BCM + CL StX, 1
ABPC + DSM + OTC + TMP Stx, 1
6 ABPC + CEZ + CFT + BCM + CP + TMP Stx; + stx, 1 (27-4C)
7 ABPC + DSM + KM + OTC + CP + TMP + FOM SIX, 1
8 ABPC + CEZ + CFT + DSM + KM + OTC + CP + TMP StX) 1 (53-1A)
CEZ + CFT + DSM + KM + APM + BCM + CL + NA Sty + Stxpe 1 (325-6F)
Total 32 6
D: Number of antimicrobial agents to resistance.
Table 5. MICs of S-lactam agents for 3 CFT-resistant isolates
MICs (mg/L) of
Isolate Ampicillin ~ Piperacillin ~ Cefotaxime Ceftazidime Cefpodoxime Flomoxef  Aztreonam Imipenem
(32)H (128) (64) (32) 8 (32) (16)
53-1A (STEC 026) >32 > 64 >32 <1 >32 <8 >16 <1
325-6F (STEC 0157) 8 16 >32 >32 >32 16 >16 2
27-4C (STEC 0157) 32 16 8 4 16 32 8 <1

D: Resistance breakpoint (mg/L) defined by the CLSI. The breakpoint of flomoxef has not yet been defined

identified in the present study.

FOM resistance was detected in a STEC 026 isolate in
this study. The FOM-resistant STEC 026 isolate was
obtained from HF cattle raised in Hokkaido. In Japan,
Horii et al. (27) reported that FOM resistance was de-
tected in 2 clinical isolates of STEC 026 in 1996 and
1997. The appearance of FOM resistance in STEC iso-
lates is a significant concern since FOM is commonly
used as first-line treatment for human STEC infections.
At present, the prevalence of antimicrobial resistance
against CFT, ERFX, and FOM in STEC O157 and
STEC 026 isolates remains low, suggesting that the use
of these agents in antimicrobial chemotherapy for
STEC infections remains effective.

The relationship between antimicrobial resistance and
the Shiga toxin genotype is a significant concern in hu-
man medicine, but this may not be the case in veterinary

120

medicine. Several studies have demonstrated that clini-
cal severities of STEC infection in humans were associ-
ated with Shiga toxin genotype (28-30). The resistance
rate was 26.3% (15/57) in STEC 0157 isolates possess-
ing both stx; and stx,, while it was 3.9% (3/77) in STEC
0157 isolates possessing stx,. alone (Table 1). Conse-
quently, STEC O157 isolates possessing both stx; and
stx, accounted for 46.9% (15/32) of antimicrobial-
resistant STEC O157 isolates, although they accounted
for 23.7% (57/241) of the STEC O157 isolates tested.
STEC 0157 isolates possessing both stx; and stx, had
higher virulence than STEC O157 possessing stx,. alone
(28). Although cattle infected with STEC O157 do not
always present with clinical signs, antimicrobial agents
have been used in food-producing animals for some
therapeutic purposes and growth promotion (17). The
selective pressure imposed by the use of antimicrobial



agents may be associated with not only the occurrence
of antimicrobial resistance in STEC O157, but also an
increase in the population of STEC O157 possessing
both stx; and stx, in beef cattle.
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