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Abstract –  The goal  of this study was to investigate 

the antimicrobial resistance of 39 top five Shiga 
toxin-producing E. coli (STEC) isolated from 

slaughtered adult cattle in France. In addition, 80 

atypical enteropathogenic E. coli (aEPEC), with 

same genetic characteristics as top five S TEC strains 
except that they lacked the stx gene, were also tested. 

Seven of the 39 STEC strains (2 O157:H7, 2  

O26:H11, 1 O103:H2 and 2 O111:H8) were resistant 

from 1 to 5 antibiotics, among ampicillin, 

amoxicillin+ clavulanic acid, streptomycin, 

tetracycline, sulfonamides and/or nalidixic acid. 

With regard to aEPEC strains, eight aEPEC 

O26:H11 were resistant. All resistant STEC and 

aEPEC strains were susceptible to azithromycin. 

This study shows  that top five S TEC strains isolated 

from French adult cattle were mainly susceptible.  
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I. INTRODUCTION 

 
Enterohemorrhagic E. coli (EHEC) strains are 
subset of shiga toxin-producing E. coli (STEC). 
They are responsible for hemorrhagic colitis and 
hemolytic uremic syndrome in humans [1]. 
Antimicrobial therapy for EHEC infections 
remains controversial [2]. Nevertheless, antibiotics 
are often used in clinical practice to treat patients 
with diarrhea. Recently, the use of azithromycin 
during the outbreak due to the enteroaggregative 
STEC E. coli O104:H4 resulted in decrease of 
STEC O104:H4 carriage [3]. The French Agency 
for Food Safety defined five major EHEC as 
STEC belonging to serotypes O157:H7, O26:H11, 
O145:H28, O103:H2 [4]. Cattle are known to be 
the reservoir of EHEC strains; and human 
infections mainly occur through consumption of 
contaminated food and water [5]. We previously 
reported that the prevalence of bovine carriers of 

top five STEC, evaluated through a weighted 
arithmetic mean of the prevalence by categories, 
was estimated to 1.8% in French slaughtered adult 
cattle [6]. This study also led to the isolation of 
atypical enteropathogenic E. coli (aEPEC) 
belonging to the top five serogroups. These strains 
had the same genetic characteristics as top five 
STEC strains except that they lacked the stx gene. 
The objective of the present study was to 
investigate the antimicrobial resistance of this 
collection of top five STEC and aEPEC isolated 
from adult cattle slaughtered in France. 
 
II. MATERIALS AND METHODS 
 
A collection of 39 top five STEC and 80 aEPEC 
strains [6, 7] was screened for the resistance to 16 
antibiotics by the disk diffusion method (Fig. 1). 
Antibiotics disks used in this study were 
ampicillin, amoxicillin plus clavulanic acid, 
cefalexin, cefuroxime, cefotaxime, ceftazidime, 
cefepime, ertapenem, gentamicin, streptomycin, 
tetracycline, chloramphenicol, trimethoprim, 
sulfonamides, nalidixic acid, and ciprofloxacin. In 
a second stage, azithromycin MICs were 
determined for resistant strains using E-test. 
Antimicrobial susceptibility tests were performed 
and interpreted according to the recommendations 
and the guidelines of the French Society for 
Microbiology (SFM) and the European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) 
[8]. Strains were considered as multidrug resistant 
(MDR) when they exhibited resistance to at least 3 
antibiotic classes [9].  
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Figure 1. Number of top five STEC and aEPEC strains tested for antibiotic resistance. Filled bars indicate the 

number of antibiotic-resistant strains. 

 
 

 

 

III. RESULTS AND DISCUSSION 

 
Among the 39 top five STEC tested, 7 strains 
showed resistance to at least one of the tested 
antibiotics (17.9%) (Fig. 1). They belonged to 
serotypes O157:H7, O26:H11, O103:H2 and 
O111:H2 (Table 1). Six were MDR (15.4%). 
Resistance was mainly observed for ampicillin, 
streptomycin, tetracycline and sulfonamides. One 
strain was resistant to nalidixic acid. All the 
resistant strains were susceptible to azithromycin. 
As we observed, few studies recently reported a 
low prevalence of resistance in top five STEC. In 
Belgium, van Meervenne et al. [10] showed that 
28.8% of STEC isolated from food, animal 
sources and infected humans were resistant [10]. 
For the top five serogroups, only 29.6% of the 
strains were resistant. In Japan, resistance was 
detected in 13.3% of the STEC O157 isolated 
from beef cattle [11]. In Canada, Vidovic et al. [12] 
observed that the percentage of resistant STEC 
O157 was significantly different between human 
and bovine strains: 38% versus 60% [12]. They 
also showed that resistance to tetracycline and to 
sulfisoxazole were the most strongly associated 
segregative characteristics of bovine STEC O157 
strains. They suggested that these statistically 
differences can be explained by the mass 

application of antimicrobial growth promoters. In 
Spain, Mora et al. [13] also showed a higher level 
of resistance in STEC O157:H7 isolated from 
cattle (53%) compared to humans (23%) [13]. 
Indeed, the majority of the studies investigating 
the resistance of top five STEC isolated from 
cattle tended to show high level of resistance [14-
16].  
With regard to the resistance of aEPEC strains, we 
showed that only 10% of the strains were resistant 
(Fig. 1). The 8 resistant strains belonged to the  
serogroup O26:H11 (Table 1). They were all 
resistant to tetracycline, and 4 were MDR. 
Moreover, they were all susceptible to 
azithromycin. On the contrary, Medina et al. [17] 
found that at least 65% of the 206 aEPEC isolated 
from healthy and sick ruminants were resistant to 
tetracycline, streptomycin and sulfamethoxazole 
[17].  
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Table 1 Resistance phenotype of top five STEC and aEPEC strains isolated from bovine feces  

 

Strain 
Cattle 

categorya 
Serotype 

 Presence ofb: 
Resistance phenotypec 

 stx (subtype) eae (subtype) 

STEC       

 C61 DC O157:H7  + (stx1a, stx2c) + (γ1) AMC AMP STR TET SSS 

H13 YBB O157:H7  + (stx2c) + (γ1) TET 

 I92 YDB O26:H11   + (stx1a) + (β1) STR TET SSS 

K106 YDB O26:H11   + (stx1a) + (β1) AMP STR SSS 

L24 YDB O103:H2   + (stx1a) + (ε) AMP STR TET SSS 

J43 DC O111:H8   + (stx1a) + (θ) AMP STR TET SSS NAL 

K50 YDB O111:H8   + (stx1a) + (θ) AMP STR TET SSS 

aEPEC       

 A81 YDB O26:H11   - + (β1) AMC AMP STR TET SSS 

A85 YDB O26:H11   - + (β1) STR TET CHL SSS 

A86 YDB O26:H11   - + (β1) AMC TET CHL SSS 

A138 YBB O26:H11   - + (β1) TET 

 A140 YBB O26:H11   - + (β1) TET 

 H14 YDB O26:H11   - + (β1) TET 

 H52 YBB O26:H11   - + (β1) STR TET CHL SSS 

I79 YDB O26:H11   - + (β1) TET 

 a DC, Dairy cow; YBB, Young beef bull; YDB, Young dairy bull 

b +, present; -, absent 

c  AMC, amoxicillin p lus clavulanic acid; AMP, ampicillin; CHL, chloramphenicol; NAL, nalid ixic acid; SSS, 

sulfonamides; STR, streptomycin; TET, tetracycline

IV. CONCLUSION 
 
In this study, we showed that the level of 
resistance of top five STEC and aEPEC isolated 
from slaughtered adult cattle in France was low. 
Various studies tended to show higher level of 
resistance. The reasons for these differences are 
not clear and remained to be elucidated. Moreover, 
it should be interesting to investigate if the low 
level resistance that we observed was specific to 
STEC and aEPEC strains among E. coli 
populations of the bovine digestive tract.   
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