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SUMMARY 

 

Background: The prevalence, the characterization of extended-spectrum β-lactamase (ESBL)-producing Esche-

richia coli (E. coli) strains isolated from broiler chickens in the Casablanca-Settat region of Morocco, and their 

susceptibility to antibiotics were investigated.  

Methods: A total of 216 intestinal samples were collected (100 samples in 2017 and 116 samples in 2019). E. coli 

isolates were screened for reduced susceptibility to Ceftazidime (CAZ) and subjected to antibiotic susceptibility 

testing. ESBL production was confirmed phenotypically and genotypically using PCR to detect blaTEM, blaCTX-M1, 

and blaSHV genes.  

Results: Results revealed a high prevalence (83.5%) of E. coli, with a significant decrease in prevalence observed 

in 2019 compared to 2017 (69%). Reduced susceptibility to Ceftazidime assay showed that 37% (n = 66) of the 178 

E. coli isolates were resistant to Ceftazidime (CAZ-R), which indicates the potential likelihood of having ESBL. 

ESBL phenotypic testing showed a prevalence of 10.32%, with a slight increase in 2019 (11.5%), compared to 

2017 (9%, p > 0.05). Antibiotic susceptibility testing demonstrated high resistance levels, notably in 2019, observed 

for Amoxicillin (94%), Ceftazidime (81%), and Aztreonam (69%). Multidrug resistance (MDR) significantly in-

creased from 2017 to 2019, with 93% of isolates tested in 2019 resistant to at least three antibiotic families. Geno-

typic analysis revealed the presence of the blaCTX-M15 (n = 1) and blaTEM1 (n = 2) genes in 2017, with an increase of 

blaTEM1 in 2019 (n = 9).  

Conclusions: These findings highlight the emergence and the increases of ESBL-producing E. coli strains in Mo-

roccan broiler chickens, signaling a growing concern for antimicrobial resistance in poultry farming. Enhanced 

surveillance and control measures are imperative to mitigate the spread of resistant pathogens in both animal and 

human populations. 

(Clin. Lab. 2025;71:xx-xx. DOI: 10.7754/Clin.Lab.2024.240804) 
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INTRODUCTION 

 

Since the 1960s, the poultry sector has experienced sub-

stantial growth worldwide. The United States leads as 

the largest producer of poultry meat, accounting for 

17% of global production, followed by China, Brazil, 

and the Russian Federation [1]. Over the period from 

1961 through 2020, global poultry meat production 

surged from 9 to 133 million tones, with broiler meat 

alone contributing approximately 40% to global meat 

production in 2020 [1]. Similarly, Morocco has seen 

significant growth in poultry production, increasing 

from 55,000 to 640,000 tones between 1981 and 2021 

[2]. However, the COVID-19 pandemic caused an eco-

nomic and financial disruption that led to a notable de-

cline in this vital sector in 2020 [3].  

Poultry meat, due to its rich nutrient content, provides 

an ideal environment for microbial proliferation, lead-

ing to numerous cases of food poisoning [4]. E. coli 

strains are among the most important agents responsible 

for foodborne illnesses and are recognized as emerging 

pathogens in public health [5]. Indeed, the global bur-

den of foodborne diseases exceeds 300 million illness-

es, and nearly 200,000 deaths are caused by diarrhoeal 

E. coli worldwide every year [6]. Thus, major epidem-

ics following the consumption of food contaminated 

with Enterohemorrhagic E. coli (EHEC) have occurred 

around the world. For example, the most serious were in 

the United States (Washington) in 1993 (linked to the 

consumption of hamburgers, with 501 patients, 3 

deaths) [7] and in Scotland in 1996 (linked to the con-

sumption of beef, with 120 cases of illness and 16 

deaths) [8]. Similarly, in Central Europe; mainly in Ger-

many; an outbreak of EHEC infections, also known as 

the cucumber crisis, was declared in 2011 (linked to the 

consumption of cucumbers, with 900 patients, 54 

deaths) [9]. Food poisoning is also a major public health 

concern in Morocco; in 2019, it represented as the third 

most frequent cause of foodborne illness, responsible 

for 12.5% of all reported cases. [10]. In addition, around 

100 episodes of foodborne outbreaks are reported each 

year, involving some 1,500 cases in all the country's 

provinces and regions. A striking example of this occur-

red on June 18, 2017, in Rabat, when 30 students at a 

training institute were severely affected by E. coli O157 

[11].  

These statistics, combined with the growing demand for 

poultry, underscore the importance of examining food-

borne pathogens like E. coli in Morocco. 

These pathogens can cause a range of clinical manifes-

tations, from mild diarrhea to severe conditions like 

hemorrhagic colitis and hemolytic uremic syndrome 

(HUS), which can be life-threatening and necessitate 

antibiotic treatment [5]. 

The discovery of antibiotics stands as one of the most 

significant breakthroughs of the century, saving mil-

lions of lives and revolutionizing livestock production 

[12]. The use of antibiotics in poultry farming is crucial, 

contributing to the evolution of industrial breeding from 

both economic and health perspectives [13]. The global 

veterinary drug market has experienced remarkable 

growth in turnover, paralleled by a 65% increase in 

global antibiotic consumption between 2000 and 2015 

[14].  

β-lactams are among the most extensively used antibiot-

ics in veterinary and human medicine. Since 1950, anti-

biotics have been the primary class of veterinary drugs 

employed to combat bacterial infections in food-produc-

ing animals [15]. However, declining antibiotic costs 

have led to their widespread use, not only for treating 

infections but also for promoting growth [16]. Overuse 

and inappropriate use of these molecules in livestock, 

including poultry, and humans results in the selection of 

resistant bacteria in the gut microbiota [17]. These bac-

teria, which are excreted into the environment via ani-

mal and human feces, constitute a reservoir of resis-

tance genes that is disseminated into aquatic and terres-

trial ecosystems via manure and slurry used to fertilize 

fields and crops [18,19]. Domestic and wild animals 

play a key role in this cycle of resistance gene transfer. 

Domestic animals, often in direct contact with humans, 

can carry resistant strains and transmit them to humans 

[20]. In addition, wild animals can carry resistant bac-

teria over long distances, contributing to their spread in 

different natural environments [19]. Resistant bacteria 

can infect humans indirectly through undercooked meat, 

contaminated raw vegetables, or direct contact with in-

fected animals. Human-to-human transmission, particu-

larly in hospitals, plays a role in the spread of resistance 

genes [21]. This complex cycle of contamination be-

tween the environment, the human community, hospi-

tals, and animal populations contributes to the ongoing 

spread of resistance, which is a major public health 

challenge. Each year, drug-resistant bacteria cause an 

estimated 35,000 deaths in the United States and 33,000 

deaths in Europe [22]. Several studies have demon-

strated shared resistance genes between E. coli isolates 

from chickens and humans, highlighting the intercon-

nectedness of resistance emergence [23]. A strong sta-

tistical correlation has been observed between antibiotic 

resistance in litter and agri-cultural soils in India [24]. 

These critical issues often go unaddressed by breeders, 
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and antibiotic misuse remains prevalent in agriculture to 

this day [25,26]. 

This study aimed to determine the prevalence and the 

characterization of extended-spectrum β-lactamase 

(ESBL)-producing Escherichia coli strains isolated 

from broiler chickens in the Casablanca-Settat region of 

Morocco and to describe their susceptibility to antibiot-

ics. 

 

 

MATERIALS AND METHODS 

 

Study area 

This study was conducted across various locations in 

the Casablanca-Settat region of Morocco, situated on 

the Atlantic coast in the central-western part of the 

country. The region encompasses seven cities with a 

combined population of 6,861,739. The average altitude 

of the area is approximately 253 meters above sea level, 

with an average temperature of 17.4°C and annual pre-

cipitation of 342.7 millimeters.  

 

Sample collection and transportation  

A total of 216 fresh intestinal samples of ready-to-eat 

broilers (slaughtered poultry) were randomly collected 

in the same geographical region (Casablanca-Settat re-

gion) on a nonrepetitive basis from traditional butchers 

in the most vulnerable retail outlets and weekly markets 

during two different periods: 100 samples in 2017 and 

116 samples in 2019. To account for potential seasonal 

variations, samples were collected during the summer 

period in each year. To minimize microbial contamina-

tion, the external surfaces of the samples were disin-

fected using 70% alcohol before collection. Using ster-

ile scissors and forceps, intestinal pieces were collected 

separately into sterile bags. After collection, between 

10:30 a.m. and 3:30 p.m., the samples were coded and 

entered into the food sample traceability register, along 

with additional information (vendor's address, daily 

temperature, hygiene conditions observed, etc.). They 

are transported in isothermal boxes at 2 to 8°C with 

cold accumulators. The delivery time did not exceed 

two hours after sampling. The analysis was carried out 

within 24 hours of arrival at the laboratory [27]. 

 

Isolation of E. coli strains  

E. coli strains from intestinal samples were isolated as 

previously described [28]. Briefly, 25 g portions of each 

sample were aseptically excised with a scalpel, placed 

into separate stomacher bags containing 225 mL of ster-

ile peptone water (Difco, Detroit, USA), and homoge-

nized at 230 rpm for 2 minutes. From the homogenate, 

100 µL aliquots were plated onto MacConkey agar 

(Difco, Detroit, USA) and incubated for 24 hours at 

44°C [28]. Three to five lactose-fermenting colonies 

from different regions of multiple plates were subcul-

tured onto eosin-methylene blue agar (Difco, Detroit, 

USA). Only one E. coli isolate was selected from each 

food sample based on colonies showing a dark blue 

color with a characteristic metallic sheen, identified as 

E. coli using API 20E commercial strips (bioMérieux, 

Paris, France).  

 

Screening of E. coli with reduced susceptibility to 

ceftazidime  

To identify ESBL strains, a screening for E. coli strains 

with decreased susceptibility to CAZ was conducted. 

Isolated strains were cultured on MacConkey agar sup-

plemented with 1 mg/L of Ceftazidime (Bio-rad) and in-

cubated at 37°C for 24 hours [29,30].  

 

Antibiotic susceptibility testing  

Antibiotic susceptibility testing was performed using 

the disk diffusion method according to European Com-

mittee for Antimicrobial Susceptibility Testing (EU-

CAST 2019) recommendations. This testing was con-

ducted on all isolated strains with reduced susceptibility 

to Ceftazidime to determine their antibiotic resistance 

profiles against a panel of antibiotics. The following 

antibiotics were tested: Amoxicillin-Clavulanic acid 

(AMC) (20/10 μg/mL), Amoxicillin (AM) (25 μg/mL), 

Ceftazidime (CZD) (30 μg/mL), Cefotaxime (CTX) (30 

μg/mL), Cefoxitin (FOX) (30 μg/mL), Cefepime (FEP) 

(30 μg/mL), Imipenem (IPM) (10 μg/mL), Aztreonam 

(ATM) (30 μg/mL), Amikacin (AK) (30 μg/mL), To-

bramycin (TOB) (10 μg/mL), Gentamycin (GEN) (15 

μg/mL), Ciprofloxacin (CIP) (5 μg/mL), Sulfamethoxa-

zole-trimethoprim (SXT) (1.25 - 23.75 μg/mL), Tetra-

cycline (TE) (30 μg/mL). In our study, multidrug resis-

tant (MDR) bacteria are defined as bacteria exhibiting 

resistance to at least three distinct antibiotic families 

[31].  

 

Phenotypic detection of extended-spectrum β-lacta-

mase production  

ESBL production was screened using the double disk 

synergy test and agar diffusion test, involving a central 

Amoxicillin/clavulanic acid disk (20/10 μg) and a third-

generation Cephalosporin disk (Cefotaxime 30 μg and 

Ceftazidime 30 μg), placed 30 mm apart (center to cen-

ter). Standard strains E. coli ATCC 25922 and Klebsiel-

la pneumoniae ATCC 700603 were used as negative 

and positive controls for ESBL production, respectively 

[32]. 

 

Genotypic study  

The genotypic study involved total DNA extraction and 

typing of genes encoding β-lactamases (blaTEM, blaCTX-

M1, blaSHV). 

 

DNA extraction 

The total DNA was extracted by heat shock method, for 

each E. coli strain, a single colony was dissociated in 

100 μL of nuclease-free water, this suspension was 

heated at 100°C for ten minutes, then immediately 

cooled in iced water. After ten minutes of centrifugation 

at 10,000 revolutions per minute, the supernatant is 

transferred into a tube and then stored at -20℃ until use  
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Table 1. Primers used for PCR amplification. 

 

Gene Primer Primer sequence Amplicon (bp) Reference 

blaCTX-M1 
CTX-M1 (+) GGTTAAAAAATCACTGCGTC 

863 

[35] 

CTX-M1 (-) TTGGTGACGATTTTAGCCGC 

blaTEM 
a216 (+) ATAAAATTCTTGAAGACGAAA 

1,079 
a217 (-) GACAGTTACCAATGCTTAATCA 

blaSHV 
os-5 (+) CGCCGGGTTATTCTTATTTGTCGC 

795 
os-6 (-) TCTTTCCGATGCCGCCGCCAGTCA 

 

(+) - primer sense, (-) - primer antisense. 

 

 

 

 
Table 2. PCR amplification conditions for bla. 

 

Amplification steps 
Temperature conditions/time 

Reference 
blaSHV, CTX-M-group 1 blaTEM 

Initial denaturation 94 °C/5 minutes 94 °C/5 minutes 

[35] 

Cyclic denaturation 94 °C/1 minute 94 °C/1 minute 

Hybridisation 60 °C/1 minute 50 °C/1 minute 

Cyclic elongation 72 °C/1 minute 72 °C/1 minute 

Final elongation 72 °C/7 minute 72 °C/7 minute 

Number of cycles 30 30 

 

 

 

 
Table 3. Profile of antibiotic resistance to different antibiotics. 

 

Antibiotic family Antibiotic 

Percentage of resistance (%) 

 number of strains (n *) 
p-value 

2017 

% (n = 50) 

2019 

% (n = 16) 

β-lactam antibiotics 

Amoxicillin-Clavulanic acid 88 (44) 81 (13) 0.493 

Amoxicillin NR 94 (15) NA 

Ceftazidime 66 (33) 81 (13) 0.248 

Cefotaxime 2 (1) 56 (9) p < 0.001 

Cefoxitin 84 (42) 31 (5) p < 0.001 

Cefepime 0 (0) 12.5 (2) p < 0.001 

Imipenem 0 (0) 0 (0) NA 

Aztreonam 0 (0) 69 (11) p < 0.001 

Aminoglycosides 

Amikacin 0 (0) 67 (11) p < 0.001 

Tobramycin 14 (7) 44 (7) 0.011 

Gentamycin 2 (1) 0 (0) 0.569 

Quinolones Ciprofloxacin 52 (26) 69 (11) 0.240 

Sulfamides Sulfamethoxazole-trimethoprim 42 (21) 50 (8) 0.575 

Cyclines Tetracycline 96 (48) 100 (16) 0.417 

 

NR - Not realized, NA - Not analyzed, NS - Not significant, n - number. 
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Table 4. Antibiotic resistance profile of suspected ESBL-producing E. coli (2017). 

 

Profile of suspect ESBL-producing E. coli strains (2017) 

Phenotypic study Genotypic study  

Code Antibiotic resistance profile 
NB Family 

 ATB 

Association between  

antibiotic families 
bla-type Remark 

E29 AMC FOX CAZ TE 2 B C CTXM15 

Not MDR E65 AMC FOX CAZ TOB SXT TE 4 B A S C TEM1 

E64 AMC FOX CAZ CIP SXT TE 4 B Q S C TEM1 

 

B - β-lactam antibiotics, A - Aminoglycosides, Q - Quinolones, S - Sulfamides, C - Cyclines. 

P - Positive, N - Negative, NB - number, MDR - Multidrug-resistant. 

 

 

 

 
Table 5. Antibiotic resistance profile of suspected ESBL-producing E. coli (2019). 

 

Profile of suspect ESBL-producing E. coli strains (2019) 

Phenotypic study Genotypic study 

Code Antibiotic resistance profile 
NB Family 

 ATB 

Association between  

antibiotic families 
bla-type 

CS14 AMC AM CTX FOX FEP ATM TOB CIP TE 4 B A Q C TEM1 CTX15 

CS45 AMC AM FEP CIP TE 3 B Q C TEM1 

CS75 AMC AM FEP ATM SXT TE 3 B S C TEM1 

CS84 AMC AM CTX FOX FEP ATM TOB CIP SXT TE 5 B A Q S C TEM1 

CS86 AMC AM CTX FEP ATM TOB CIP SXT TE 5 B A Q S C TEM1 

CS90 AMC AM FEP ATM CIP SXT TE 4 B Q S C TEM1 

CS95 AMC AM FOX FEP ATM AK TOB SXT TE 4 B A S C TEM1 

CS98 AMC AM CTX FEP AK TE 3 B A C TEM1 

CS101 AMC AM CTX FEP ATM AK TOB CIP TE 4 B A Q C CTX15 

CS110 AMC AM CTX FEP ATM SXT TE 3 B S C TEM1 

 

B - β-lactam antibiotics, A - Aminoglycosides, Q - Quinolones, S - Sulfamides, C - Cyclines. 

P - Positive, N - Negative, NB - number. 

 

 

 

 

[33].  

 

Polymerization chain reaction 

In order to detect the genes encoding the β-lactamases 

of the type: blaTEM, blaCTX-M1, and blaSHV, we used the 

PCR technique as described by Guessennd et al. (2008) 

[34,35]. The primers used are listed in Table 1. The re-

action mixture contained PCR buffers, specific primers, 

and Taq DNA polymerase [34]. The PCRs conditions 

are summarized in Table 2, carried out in the thermo-

cycler (Perkin2400-Elmer Cetus, Notwalk, Conn). PCR 

products were analyzed by electrophoresis in 1% aga-

rose (Invitrogen) [34]. The reference strains used as 

positive controls are E. coli U2A21790 (CTX-M1), Sal-

monella spp. U2A1446 (TEM), and Salmonella spp. 

U2A1446 (SHV) [36]. Negative control was done with-

out DNA [34]. 

Sequencing 

All amplified products were sequenced to validate their 

identities. Both strands of the purified amplicons were 

sequenced with a Genetic Analyzer 3130x1 sequencer 

(Applied Biosystems), using the BigDye Terminator 

Cycle Sequencing kit and the same primers used for 

PCR amplification. Comparisons with known sequences 

are performed with the BLAST program of the National 

Center for Biotechnology Information (http://www. 

ncbi.nlm.nih.gov) [35,36].  

 

Statistical analysis  

Data were analyzed with SSPS Statistics for Windows, 

version 17.0 (SPSS Inc., Chicago, IL, USA). The χ² test 

was used to determine the statistical significance of the 

data. A p-value of < 0.05 was considered significant 

[37]. In this study, the p-value chosen is two-tailed, as 
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Figure 1. Evolution of multidrug resistance in E. coli strains in 2017 and 2019. 

 

 

 

 

the statistical analysis was performed to determine the 

significance of the variation observed in resistance over 

a two-year period. 

 

 

RESULTS 

 

Prevalence of E. coli in intestinal samples of broilers  

The microbiological analysis of the 216 samples col-

lected in the Casablanca - Settat region showed the 

presence of 213 thermotolerant coliforms. The results of 

the biochemical analysis identified 178 strains as E. 

coli, a percentage of 83.5%. In addition, E. coli was 

found with a lower prevalence for the year 2019 (69%) 

compared to 2017, for which a prevalence of 100% is 

noted. The prevalence of E. coli experienced a statisti-

cally significant decrease (p < 0.001).  

 

 

 

Screening of E. coli with reduced susceptibility to 

ceftazidime  

The screening results for E. coli with reduced suscepti-

bility to CAZ revealed that in 2017 50% (n = 50) of iso-

lates exhibited notable resistance to CAZ, while in 

2019, this percentage decreased to 20.51% (n = 16). 

This shows an overall prevalence of 37% for extended-

resistant Ceftazidime (ERC3G), suggesting the presence 

of potential MDR or ESBL-producing strains. A signifi-

cant decline in Ceftazidime susceptibility was observed 

in 2019 compared to 2017 (p < 0.001). 

 

Double synergy assay 

The findings from the ESBLs phenotype research re-

vealed a synergy between AMC and Cephalosporins 

(indicated by the champagne cork image), which may 

suggest the presence of enzymes associated with this 

phenotype. In 2017, 9% (9/100) of isolates exhibited 

this synergy, compared to 11.5% (13/113) in 2019, re-

sulting in an overall prevalence of 10.32%. There was a 
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statistically insignificant increase observed in 2019 

compared to 2017 (p = 0.593). 

 

Antibiotics susceptibility  

The evolution of resistance over the two collection 

years, particularly with reduced susceptibility to CAZ, 

is detailed in Table 3. Intermediate strains were catego-

rized with resistant forms as they could signify the early 

stages of resistance. Notably, the highest levels of resis-

tance among the selected E. coli strains were observed 

in 2019 (Table 3). Analyzing the frequency of resistant 

strains to each antibiotic revealed varying levels of re-

sistance within the β-Lactam family. In 2019, the 

highest frequencies were seen for Amoxicillin (94%), 

Ceftazidime (81%), Aztreonam (69%), Cefotaxime 

(56%), and Cefepime (12.5%). Conversely, in 2017, the 

highest resistance frequencies for Amoxicillin with 

Clavulanic acid and Cefoxitin were noted at 88% and 

84%, respectively. Notably, no resistance to Carbapen-

ems (Imipenem) was detected. Furthermore, in 2017, 

there was no resistance to fourth-generation cephalospo-

rins (Cefepime). Tetracycline resistance ranged from 

96% (2017) to 100% (2019), while resistance to Amino-

glycosides varied with the highest frequency observed 

in 2019 (44% for Tobramycin, 67% for Amikacin), ex-

cept for Gentamicin, which remained effective against 

these strains (98 - 100% sensitivity). For Quinolones, 

resistance to Ciprofloxacin was 69% in 2019 and 52% 

in 2017. The highest frequency of resistance to Sulfon-

amides (Sulfamethoxazole-trimethoprim) was recorded 

in 2019 (50%), compared to 42% in 2017. The resis-

tance rates of E. coli ERC3G to Cefotaxime, Cefepime, 

Aztreonam, Tobramycin, and Amikacin increased signi-

ficantly in 2019 compared to 2017. There was, howev-

er, a statistically insignificant increase in resistance to 

Ceftazidime, Ciprofloxacin, Tetracycline, and Sulfa-

methoxazole-trimethoprim. On the other hand, resis-

tance to Amoxicillin with Clavulanic Acid and Genta-

micin showed a non-significant decrease over the same 

period. In contrast, a statistically significant decrease in 

resistance to Cefoxitin was observed in 2019 compared 

with 2017. 

 

Evolution of multidrug resistance in E. coli strains in 

2017 and 2019 

The results of our antibiogram analysis showed that the 

overall proportion of multiresistant E. coli strains tested 

(50 in 2017 and 16 in 2019) increased over time, from 

64% in 2017 to 93% in 2019 (p = 0.022). More specifi-

cally, the percentage of strains resistant to exactly three 

antibiotic families decreased slightly, from 38% in 2017 

to 33.33% in 2019 (p = 0.782), and similarly, strains re-

sistant to four families decreased from 56% to 46.67% 

(p = 0.539). In contrast, resistance involving five antibi-

otic families showed a statistically insignificant increase 

from 6% in 2017 to 20% in 2019 (p = 0.154) (Figure 1). 

These results highlight a worrying escalation of multi-

drug resistance in E. coli strains over the studied period. 

 

Genotypic study  

E. coli strains suspected of being broad spectrum Beta-

lactamase producers (n = 9 in 2017 and n = 13 in 2019) 

were screened using Simplex PCR to detect the pres-

ence of blaCTX-M1, blaTEM, and blaSHV genes. DNA bands 

were visualized on agarose gel through electrophoresis 

under UV light. The genotypic analysis revealed that 

among the 9 E. coli strains tested in 2017, 11% (n = 

1/9) carried the blaCTX-M15 gene, while 22% (n = 2/9) 

harbored the blaTEM1 gene, with no strains possessing 

the blaSHV gene (Table 4). Conversely, in 2019, genes 

encoding blaCTX-M15 type β-lactamase and blaTEM1 were 

detected at frequencies of 15% (n = 2/13) and 69% (n = 

9/13), respectively (Table 5). Comparing the types and 

frequencies of detected genes between the two collec-

tion years revealed a notable increase in the frequency 

of the blaTEM gene encoding β-lactamases in 2019 

(Table 5). 

 

 

DISCUSSION 

 

Our study identified a significant resistance rate to CAZ 

of 50% in 2017, which decreased to 20.51% in 2019, re-

sulting in an overall prevalence of extended-resistant 

Ceftazidime (ERC3G) of 37% in the analyzed broiler 

intestine samples. This observed level of resistance to 

third generation Cephalosporins (3CG) is relatively 

high compared to rates reported in India (28.2%) by 

Kaushik et al. in 2018 [38] and in China by Yassin et al. 

(9.8%) [39], but lower than that reported by Belmahdi 

et al. in Algeria [41], where over 90% of isolates were 

resistant to CAZ. Our CAZ-resistant strains displayed 

varying frequencies of resistance within the β-lactam 

family, with the highest rates observed in 2019 for 

Amoxicillin (94%), Ceftazidime (81%), Aztreonam 

(69%), and Cefotaxime (56%). Conversely, the highest 

levels of resistance to Amoxicillin with Clavulanic Acid 

and Cefoxitin were observed in 2017, with respective 

resistance frequencies of 88% and 84%. Resistance to 

Tetracycline increased from 96% in 2017 to 100% in 

2019. Among the aminoglycosides, our isolates exhib-

ited the highest frequency of resistance in 2019, except 

for Gentamicin (44% for Tobramycin, 67% for Amika-

cin), which remained active against these strains (98 - 

100% sensitivity). Regarding Quinolones, 69% of 

strains were resistant to Ciprofloxacin in 2019, com-

pared to 52% in 2017. Sulfamethoxazole-trimethoprim 

resistance reached its highest frequency in 2019 (50%), 

while a resistance rate of 42% was recorded for the 

same antibiotic in 2017. It should be noted that in 2017, 

the high proportion of strains with reduced susceptibil-

ity to Ceftazidime (during screening), accompanied by 

lower prevalence of resistance to β-lactam antibiotics 

(during antibiotic susceptibility testing), suggests that 

the tested strains harbor other β-lactam resistance genes, 

such as the AmpC gene, which encodes an AmpC-type 

β-lactamase. These enzymes generally have greater 

activity against Cefoxitin, but overproduction of the 



M. Amzil et al. 

Clin. Lab. 6/2025 8 

AmpC β-lactamase enzyme can also hydrolyse 3rd gen-

eration Cephalosporins (e.g. Ceftazidime) in case of 

overexpression of the gene [41,42]. This may be sup-

ported by the high rate of Cefoxitin (C2G) resistance in 

antibiotic susceptibility testing (84% of Cefoxitin resis-

tance in 2017). In addition, Cefoxitin was used as a 

marker for the production of β-lactamases AmpC [42]. 

Therefore, it can be inferred that during 2017, we 

screened strains for resistance to third-generation Ceph-

alosporins (Ceftazidime) mediated by the bla gene as 

well as other genes (AmpC). However, in 2019, the rate 

of resistance to Cefoxitin (C2G) during antibiotic sus-

ceptibility testing showed a remarkable decrease (31% 

of resistance in 2019), accompanied by an increase in 

resistance to C3G (Ceftazidime and Cefotaxime). This 

means that during 2019, we screened strains resistant to 

third-generation Cephalosporins (Ceftazidime), which is 

mediated by the bla gene. 

The increase in resistance to critically important antibi-

otics, such as β-lactams, observed between 2017 and 

2019 could be attributed to several factors. One possible 

explanation could be the excessive and inappropriate 

use of antibiotics in veterinary and agricultural prac-

tices, often without regulation, throughout the Casa-

blanca-Settat region. Antibiotics are often administered 

not only for therapeutic purposes but also as growth 

promoters in poultry production, a practice that has 

been linked to the increase in antibiotic-resistant bac-

terial strains [16]. In Morocco, despite efforts to regu-

late the sale of antibiotics, enforcement of these regula-

tions often remains limited, allowing farmers and veteri-

narians easier access to antimicrobials. Changing farm-

ing practices may also contribute to this concern, as the 

intensification of broiler farming could lead to increased 

use of antibiotics to prevent disease. This change in 

farming practices could explain the escalation in multi-

drug resistance we observed, in particular, in 2019, 

where 93% of resistant strains were resistant to at least 

three antibiotic families. A study by Abo Amer et al. in 

2018 in Saudi Arabia [31] reported an even higher rate 

(99%). Furthermore, variations in antibiotic use in agri-

cultural practices may influence resistance patterns. A 

study conducted in China by Tang et al. in 2017 [43] re-

vealed similar trends, showing that frequent use of anti-

biotics in poultry farming is correlated with a higher 

prevalence of multidrug-resistant strains. Multidrug-re-

sistant bacteria in food-producing animals pose a signi-

ficant risk to human health, as these strains can be trans-

mitted to humans through consumption of contaminated 

food [44]. Given the international trade in poultry and 

poultry products, this risk extends beyond Morocco. 

Our research on ESBL phenotypes showed a percentage 

of 9% (9/100) in 2017, increasing to 11.5% (13/113) in 

2019, resulting in a total prevalence of 10.32%. A study 

by Dhaouadi et al. published in 2020 [45] reported a 

higher rate (30%) of ESBL. E. coli strains suspected of 

being broad spectrum Beta-lactamase producers (9 in 

2017 and 13 in 2019) underwent genotypic analysis to 

detect blaSHV, blaCTX-M1, and blaTEM genes encoding 

ESBLs. Among these, 14 were β-lactamase-producing 

E. coli. The blaTEM gene (type 1) gene was the most 

prevalent among our tested E. coli strains, other similar 

results have been reported in Egypt by Osman et al. [46] 

and in Jordan by Ibrahim [33]. The detection of blaCTX-

M15 gene in 3 strains aligns with reports from Nigeria 

[47] and Algeria [40]. Notably, none of our strains car-

ried the blaSHV gene, unlike other studies conducted by 

Abo Amer et al. [31] and Younis et al. that successfully 

detected this gene [48]. The predominance of the 

blaTEM1 gene, in particular, could be due to the excessive 

and sometimes inappropriate use of β-lactam antibiotics 

in community and hospital settings, which exerts selec-

tive pressure; thus favoring the spread of this resistance 

gene, given that the blaTEM1 gene is often carried by mo-

bile genetic elements, allowing it to move easily be-

tween different bacteria. The high prevalence of β-lacta-

mase-producing E. coli strains, particularly those carry-

ing the blaTEM1 gene, is alarming as they limit the effec-

tiveness of β-lactam antibiotics, which are one of the 

most commonly used classes of antibiotics to treat bac-

terial infections. Consequently, the increase in the 

blaTEM1 gene could lead to an increase in morbidity as-

sociated with resistant infections. 

Although this study provides an overview of extended-

spectrum β-lactamase-producing E. coli strains, it has 

several limitations that need to be considered when in-

terpreting the results, including that the absence of pre-

cise information on the types and quantities of antibio-

tics used in broiler farms complicates efforts to link ob-

served trends in antibiotic resistance with specific usage 

practices. Additionally, we did not screen for other β-

lactam resistance genes (e.g. AmpC) or conduct conju-

gation tests to assess resistance gene transfer. 

 

 

CONCLUSION 

 

This finding showed that E. coli isolates of avian origin 

could constitute a reservoir of resistance genes coding 

for ESBLs and that the massive and unreasonable use of 

antibiotics at the broiler production level would contrib-

ute considerably to the appearance and increase of the 

prevalence of MDR bacteria. To limit this growing 

threat, we recommend the implementation of a compre-

hensive surveillance program that routinely monitors 

antimicrobial use and resistance patterns at both region-

al and national levels. This surveillance should include 

regular sampling of poultry products on farms to track 

the spread of resistant bacteria. In addition, we support 

stricter regulations on the sale and use of antibiotics in 

poultry production, including restrictions on the use of 

critically important antibiotics such as Cephalosporins 

and Fluoroquinolones. Consideration of alternative 

measures, such as improved biosecurity and vaccina-

tion, should be prioritized to mitigate the reliance on 

antibiotics in poultry production. Furthermore, targeted 

public health initiatives are essential to enhance aware-

ness among farmers and veterinarians regarding the 
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risks associated with antibiotic misuse. These efforts 

should be integrated into broader antimicrobial steward-

ship programs to promote responsible antibiotic use and 

limit the emergence and dissemination of resistant bac-

terial strains. 
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