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ABSTRACT 
Escherichia coli is involved in many diseases. Its high sensitivity to its envir
antibiotic resistance mechanisms against the most powerful antibiotics.
resistance status of avian Escherichia coli
intestine (cecum) were taken in the various Oujda traditional slaughterhouses over a period of twenty
each sample, a single Escherichia coli strain was isolated and purified on MacConckey
of these strains to twenty-one different antibiotics was tested on Mueller Hinton agar using commercial antibiotic disks.
resistance levels were recorded with alarming rates for antibiotics used preventively in poultry, Flumequine (94%), Thiamphenicol 
(78%), Tetracycline (58%), Amoxicillin (25 %), Sulfamethoxazole/Trimethoprim (55%), Streptomycin (51%), Amoxicillin/Clavulani
Acid (47%), Enrofloxacin (37%), Ciprofloxcin (35%), Doxycycline (51%), Florfenicol (32%) and Gentamycin (3%).These high 
prevalences explain, to a large extent, treatment failures observed in human and veterinary medicine and call for more vigila
regarding avian antibiotics. 
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is involved in many diseases. Its high sensitivity to its environment allows acquiring pathogen powers and effective 
antibiotic resistance mechanisms against the most powerful antibiotics. The objective of this work was to study the antibacterial 

Escherichia coli in Oujda city (Morocco). Hundred samples representing the terminal part of the broiler 
intestine (cecum) were taken in the various Oujda traditional slaughterhouses over a period of twenty-four months (2013

strain was isolated and purified on MacConckey agar then identified by API20E. The sensitivity 
one different antibiotics was tested on Mueller Hinton agar using commercial antibiotic disks.

d with alarming rates for antibiotics used preventively in poultry, Flumequine (94%), Thiamphenicol 
(78%), Tetracycline (58%), Amoxicillin (25 %), Sulfamethoxazole/Trimethoprim (55%), Streptomycin (51%), Amoxicillin/Clavulani

), Ciprofloxcin (35%), Doxycycline (51%), Florfenicol (32%) and Gentamycin (3%).These high 
prevalences explain, to a large extent, treatment failures observed in human and veterinary medicine and call for more vigila
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INTRODUCTION 

The international scientific community is disturbed by impotence in the face of antibiotic
S) increasingly dangerous [20]. Several therapeutic practices favour

mainly, massive and irrational use of antibiotics (ABs) in intensive farming
for therapeutic and zootechnic purposes contribute strongly to the s

1,9,17, 25]. These bacteria are the main food contamination 
capacity of resistance genes. Seung-Hak et al. [27] have repor

. coli) among poultry and swine farmers compared to a normal population. 
could be considered as an epidemiological indicator for antimicrobial resistance

which becomes necessary to preserve public health [6,14]. 
evaluate resistance levels of 100 E.coli strains isolated from broiler’s 

belonging to 9 different families. Some of these ABs have a major medical interest because they 
in human medicine after finding resistance to traditional ABs.

to these antibiotics is a serious danger to public health. It is a pioneer work in 
contribute to describe the resistance epidemiological status of E. coli in this region that help doctors

to better target their treatment choices. 
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MATERIALS AND METHODS 
 

This work was performed in the Regional Laboratory of Analysis and Research situated in Oujda belonging 
to the National Office of Foods Health Security (ONSSA: Office National de Sécurité Sanitaire des Aliments) 
and the Laboratory of Biochemistry belonging to the Mohammed 1st University of Oujda. 

Mueller Hinton Broth, Mueller Hinton Agar and MacConkey Agar were procured at Biokard diagnostics. 
Antibiotic disks: Amoxicillin (AML) 25μg; Amoxicillin/Clavulanic Acid (AMC) 20/10 µg/µg; Azithromycin 
(AZM) 15μg; Cephalexin (CL) 30μg; Ciprofloxacin (CIP) 5μg; Colistin (CT) 50μg; Doxycycline (DO) 30μg; 
Enrofloxacin (ENR) 5μg; Erythromycin (E) 15μg; Florfenicol (FCC) 30μg; Flumequine (UB) 30μg; Gentamicin 
(GN) 15μg; Norfloxacin (NOR) 5μg; Ofloxacin (OFX) 5μg; Sulfamethoxazole/Trimethoprim (SXT) 23.75/1.25 
μg/μg; Tetracycline (TE) 30μg; and Tobramycin (TOB) 10µg were supplied by Oxoïd. Antibiotic disks: 
Clindamycin (CLD) 2μg; Penicillin G (P) 6μg; Streptomycin (STR) and 300μg Thiamphenicol (TH) 30μg were 
obtained from Bio-Rad. 

Samples were collected in100 traditional slaughterhouses of the 450 that exist in Oujda city over a period of 
24 months from January 2013 to December 2014. The sample was stratified and randomized to one sample per 
week and per slaughterhouse. Each sample corresponds to a piece, 4 cm long, of broiler intestine (cecum) 
collected just after slaughter. The intestinal content of each sample was subjected to an isolation-identification 
of one E. coli strain. The isolation was made on MacConkey Agar and the identification was performed using 
API20E galleries of Biomérieux. Susceptibility testing of each strain against 21 different ABs was made using 
Muller-Hinton Agar. The susceptible (S), resistant (R) and intermediate (I) status was determined using 
inhibition diameter values and referring to the recommendations of the “Commité de l’Antibiogramme de la 
Société Française de Microbiologie”(CA/SFM, 2014) [8] under the European Committee on antimicrobial 
susceptibility testing. Escherichia coli strain ATCC 25922 was used as a control. 
 
Results: 

Biochemical characterization of isolated strains by API20E confirmed their belonging to the Escherichia 
coli species. Susceptibility test showed varying resistance levels in these strains (Table 1) which allows to 
distinguish three groups of antibiotics: 

The first group includes ABs whose resistance level is below 33%. These ABs keep very good activity 
against avian E. coli: TOB (0%), CT (2%), GN (3%), CL (18%), AZM (31%) and FCC (32%). 

The second group includes ABs whose resistance level is between 34% and 66%. Their activity against 
avian E.coli is very controversial: CIP (35%), ENR (37%), OFX (37%), NOR (39%), AMC (47%), DO (51%), 
STR (51%) and SXT (55%). 

The third group includes ABs whose resistance level is more than 67%. These ABs have no effect on the 
majority of isolated strains: AML (76%), TE (76%), TH (89%), UB (93%), E (100%), P (100%) and CLD 
(100%). 
 
Table 1: Resistance levels of 100 Escherichia coli strains isolated from broiler’s intestine against 21 antibiotics in Oujda city (Morocco). 

Antibiotics 
Susceptible  
(S) 

Intermediate susceptibility  
(I) 

Resistant  
(R) 

Non-susceptible  
(I + R) 

P 00 00 100 100 
AML  24 21 55 76 
AMC 53 39 08 47 
CL 82 09 09 18 
UB 07 19 74 93 
ENR 63 02 35 37 
CIP 65 04 31 35 
NOR 61 01 38 39 
OFX 63 01 36 37 
E 00 32 68 100 
AZM 69 19 12 31 
FCC 68 00 32 32 
TH 11 04 85 89 
GN 97 01 02 03 
TOB 100 00 00 00 
STR  49 04 47 51 
TE 24 02 74 76 
DO 49 18 33 51 
CLD 00 00 100 100 
CT  98 00 02 02 
SXT  45 04 51 55 
AML: Amoxicillin; AMC: Amoxicillin/Clavulanic Acid; AZM: Azithromycin; CL: Cefalexin; CIP: Ciprofloxacin; CLD: Clindamycin; 
CT: Colistin; DO: Doxycycline; ENR: Enrofloxacin; E: Erythromycin; FCC: Florfenicol; UB: Flumequine; GN: Gentamycin; NOR: 
Norfloxacin; OFX: Ofloxacin; P:  Penicillin G; STR: Streptomycin; SXT: Sulfamethoxazole/Trimethoprim; TE: Tetracycline; TH: 
Thiamphenicol; TOB: Tobramycin.  
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Figure 1 shows high levels of isolated 
(100%) are resistant to more than 4ABs at the same time. Among these strains, 30% are
to more than 14 ABs, 56% are simultaneously resistant to more than 10 ABs and 82% are resistan
7 ABs at the same time. Multidrug resistance is very marked (
are resistant to P-AML-AMC; Cyclins with 51% are resistant to TE
UB-ENR-CIP-NOR-OFX and Phenicol with 32% are resistant to FCC
 

Fig. 1: Percentages of Multi-resistant 
Morocco (n=100). 

 
Table 2: Percentages of mutri-resistant Escherichia coli strains isolated from 

Antibiotics 
P/AML/AMC 
FCC/TH 
TE/DO 
ENR/CIP/OFX/UB/NOR 
TE/DO/SXT 
P/AML/AMC/CL 
P/AML/AMC/TE/DO 
P/AML/AMC/ENR/CIP/OFX/UB/NOR 
P/AML/AMC/FCC/TH 
P/AML/AMC/TE/DO/ENR/CIP/OFX/UB/NOR
ENR/CIP/OFX/UB/NOR/FCC/TH 
TE/DO/ENR/CIP/OFX/UB/NOR 
TE/DO/FCC/TH 
AML: Amoxicillin; AMC: Amoxicillin/Clavulanic Acid; CL: Cefalexin; CIP: Ciprofloxacin; CT: Colistin; DO: Doxycycline; ENR: 
Enrofloxacin; FCC: Florfenicol; UB: Flumequine; NOR: Norfloxacin; OFX: Ofloxacin; P:  Penicillin G; STR: Streptomycin; SXT: 
Sulfamethoxazole/Trimethoprim; TE: Tetracycline; TH: Thiamphenicol; 

 
Discussion: 

In Morocco, similar works were mainly interested in
[2,4,7,10,13]. However, it is the first study in Morocco that describes resistance phenotypes of intestinal 
taken directly from broiler’s cecum. In Oujda city, Jouahri
chicken meat with a limited number of tested 

The P, E and CLD are known for
naturally resistant to these molecules 
the isolated strains in this work. 

High resistance levels recorded against TE (76%), TH (89%), AML (76%) and UB (93%) was also reported 
in several similar works worldwide. In China, 53.7% 
TH and 90.8% to TE [12]. In Morocco, 92.0% of 
88.3% to UB and 84.0% to AML 
septicemic broiler in France are much lower: 47% to AML, 66% to TE and 48% to UB 

The DO, STR and SXT are highly used in poultry production because of their low cost but still maintain a 
good activity on the isolated strains. It

shows high levels of isolated E.coli strains with multiple resistances. Indeed, all isolated strains 
(100%) are resistant to more than 4ABs at the same time. Among these strains, 30% are simultaneously resistant 
to more than 14 ABs, 56% are simultaneously resistant to more than 10 ABs and 82% are resistan
7 ABs at the same time. Multidrug resistance is very marked (Table 2) against: β-lactams with 47% of strains

AMC; Cyclins with 51% are resistant to TE-DO; Quinolones with 35% are resistant
nicol with 32% are resistant to FCC-TH. 

resistant Escherichia coli strains isolated from broiler’s intestine in Oujda city

resistant Escherichia coli strains isolated from broiler’s intestine in Oujda city –Morocco (n=100).
(%) of non-susceptible strains
47 
32 
51 
35 
35 
8 
28 
24 
23 

P/AML/AMC/TE/DO/ENR/CIP/OFX/UB/NOR 18 
21 
26 
21 

AML: Amoxicillin; AMC: Amoxicillin/Clavulanic Acid; CL: Cefalexin; CIP: Ciprofloxacin; CT: Colistin; DO: Doxycycline; ENR: 
; FCC: Florfenicol; UB: Flumequine; NOR: Norfloxacin; OFX: Ofloxacin; P:  Penicillin G; STR: Streptomycin; SXT: 

Sulfamethoxazole/Trimethoprim; TE: Tetracycline; TH: Thiamphenicol;  

were mainly interested in chicken meat and red meat contamination flora 
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good activity on the isolated strains. It should be noted that all resistant strains to DO was 
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resistant to TE. Resistance level to DO remains very low compared to that recorded in China: 93.3% [12]. 
Resistance level to SXT are lower compared to those found in Algeria: 70.2% [5] in Egypt: 82.2% [3], in China: 
66.1% [12] and in Germany: 65.3% [14] and higher than those recorded in Serbia: 21.1% [18] and France: 27% 
[23] As for the STR, the resistance level is slightly higher than those recorded in both China: 46.8% [12] and 
Germany: 42.6% [14] and lower than that registered in Egypt: 93.2% [3]. 

High sensitivity of the isolated strains to TOB and GN is due to their ban in Moroccan poultry. However, 
no broiler’s faecal E.coli strain was found resistant to GN (0.0%) and to TOB (0.0%) in Serbia [18]. In 
Germany, a resistance rate of 6.4% to the GN was recorded for the same matrix [14]. Yet, significantly higher 
results for both antibiotics were registered mainly in China with 25.7% of avian faecal E.coli strains were 
resistant to GN and 14.1% to TOB [12] and in Egypt where a resistance rate of 43.8% was recorded among 
avian pathological E. Coli strains [3]. 

CT maintains a high effectiveness against avian E.coli despite its wide prophylactic and metaphylactic use 
in digestive infections caused by non-invasive E.coli. Indeed, the Enterobacteriaceae acquisition of resistance to 
CT, known for its low intestinal absorption, is very rare [16] and most similar studies have recorded very low 
resistance rates to CT [2,11,12,13]. 

Despite the ban on the use of the AMC in Moroccan poultry, resistant rate against this antibiotic is very 
high compared to those recorded in France: 8% [23], Serbia: 15.8% [18] and Egypt: 35.6% [3]. This can be 
explained by the massive use of AML. However, resistance to CL 18% of isolated strains is in favour of a 
possible presence of β-lactamases extended spectrum given that these strains are also resistant to: AML, AMC 
and P. 

Macrolides are known by their inefficiency on Enterobacteriaceae. All isolated strains are resistant to E. 
However, AZM, which is not authorized in Moroccan poultry, shows a good activity on some E. coli strains. 
Several studies have confirmed this activity [19,24]. 

After chloramphenicol prohibition in Moroccan poultry since 1997, TH was widely used in broiler even 
after the introduction of FCC in 2006 [21]. This widespread use has led to very high rate of resistance to TH 
while the FCC keeps its relative efficiency with a 32% resistance rate. However, this prevalence is higher 
compared to most other similar studies in other countries, namely in China where 19% of faecal E.coli strains 
were resistant to FCC [12] In Egypt and France, respectively 1.5% and 0% of septicemic avian E.coli strains 
were resistant to FCC [3,23]. These high levels could later condemn the phenicols effectiveness against avian 
infections. 

There is no significant difference in resistance levels to four fluoroquinolones tested in this work. This 
could be explained by cross-resistance phenomenon which is very known in this antibiotic family [25]. Thus, we 
note that all resistant strains to CIP are simultaneously resistant to OFX, NOR and ENR. Our results are similar 
to those found in China with ENR: 38.3%, CIP: 35.2%, NOR: 34.4 % and OFL: 23.9% [12]. However, they 
remain higher than those reported in France with 8% of pathological E.coli strains in septicemic broiler which 
were resistant to ENR [23] These rates could be explained, in part, by the massive use of the ENR that 
contributed to select resistant strains to some fluoroquinolones like CIP, NOR, and OFX banned in Moroccan 
avian therapy. 

The massive use of antibiotics in poultry farms contributes to modify resistance phenotype of broiler’s and 
poultry farmer’s intestinal flora [27]. Enterobacteriacae can pass on their resistance genes to pathogenic 
bacteria that become refractory to conventional treatments despite being commensally flora [15,1]. Human 
contamination or infection by MRBS can have serious health consequences. Thus, monitoring and controlling 
antibiotic resistance remains a vital tool to preserve public health [1,18]. 

 
Conclusion: 

If antibiotics are key products to protect public health, they are also a key element in maintaining the 
profitability of poultry farming. However, massive and irrational use of antibiotics in intensive farms is causing 
serious public health problems mainly the selection of multi-resistant pathologic bacteria to most common 
antibiotics.  

In this work, high levels of resistant avian Escherichia coli were recorded particularly against β-lactams 
(47%), fluoroquinolones (35%) and cyclins (51%). These results call for taking drastic measures to preserve 
antibiotic effectiveness and reduce emergence risks of multi-resistant pathogens. This happens mainly through 
the rationalization and strict control of antibiotics on intensive farming, the development of antibiotic alternative 
products and the establishment of antimicrobial resistance monitoring network. 
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