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Introduction

Globally, poultry meat is considered an economic source of 
good-quality protein. Bacterial infections frequently threaten the poultry 
industry’s vast production. Escherichia coli is one of the most common 
bacterial pathogens affecting the global poultry industry is virulent or 
avian pathogenic E. coli (APEC) (Tenaillon et al., 2010). E. coli is a normal 
inhabitant in the intestine of humans, poultry and animals (Levine, 1987). 
Moreover, extra-intestinal APEC causes colibacillosis disease in poultry at 
different ages (Ahmed et al., 2013). Colibacillosis disease causes different 
generalized and localized diseases such as perihepatitis, colisepticemia, 
airsacculitis, omphalitis, pericarditis, salpingitis, peritonitis, arthritis, swol-
len head syndrome, coligranuloma, panophthalmitis and cellulitis (Dziva 
and Stevens, 2008; Kim et al., 2020) and consequently causing significant 
economic losses, including increased mortality, decreased production, 
medical costs and increased carcass condemnation rates (Kabir, 2010). 
Moreover, E. coli is one of the important and common bacterial patho-
gens that contribute to approximately 30% or more of chicken deaths 
(Radwan et al., 2020). In chicken husbandry, long-term usage of antimi-
crobials for therapy and growth promotion in chickens resulted in anti-
microbial resistance (Singer & Hofacre, 2006). Overuse and indiscriminate 
use of antimicrobials can result in spreading of MDR E. coli strains (Miles 
et al., 2006; Gyles, 2008; Islam et al., 2021) that can be transmitted to 
people by direct contact with infected birds or via food (Founou et al., 
2016). Furthermore, it is important to identify multi-drug resistant (MDR) 
isolates to select the appropriate antibiotic by laboratory examination. 
Recently, there is a growing interest in substituting natural, safe and ef-
ficient substances for synthetic antimicrobials. These are mostly herbs, 
essential oils (EOs) and spice extracts (Radwan et al., 2018), where many 
significant properties of EOs including antioxidant, anti-inflammatory and 
antibacterial that promote livestock growth have been demonstrated by 
the researchers (Sakkas & Papadopoulou, 2017). The antibacterial activity 
of EOs may be attributed to their high hydrophobicity which allows them 

to pass through microbial cell membranes and cause damage or loss of 
function of cellular proteins, lipids and organelles, ultimately leading to 
bacterial cell death (Bakkali et al., 2008). Recently, the spreading of re-
sistance genes in E. coli emerged as a significant concern for humans, 
animals, birds and environmental systems (Mohamed et al., 2014; Poirel 
et al., 2018; Islam et al., 2022). Plasmids are the primary vectors that dis-
seminate genes of resistance across the population of bacteria (Radwan 
et al., 2020). E. coli strains frequently harbored antimicrobial resistance 
genes, among them β-lactams (blaTEM) resistance encoding gene (Parvez 
et al., 2016) and sulfonamides (sul1) resistance encoding gene (Parvin et 
al., 2020). Several virulence genes have been found to be considerably 
associated with APEC pathogenesis (Ewers et al., 2005), including adhe-
sion factors; fimH that contributes to adherence to the upper respiratory 
tract of poultry (Wooley et al., 2000). As well as iss gene, this is related 
to increased serum survival in poultry, which was recognized as a vital 
feature for pathogenic E. coli (Ellis et al., 1988). The iutA gene is respon-
sible for encoding for siderophores that facilitate the growth of E. coli on 
media with a low concentration of iron (Garénaux et al., 2011). Therefore, 
the current work aimed to conduct bacterial identification and genotyp-
ic characterization of E. coli recovered from diseased broilers, as well as 
evaluation of the antibacterial effect of some EOs and blue green algae 
on the growth of MDR E. coli.

Materials and methods

Ethical approval

The present study was approved by Veterinary Medicine, Beni-Suef 
University Veterinary Animal Care, Use and teaching Committee (VACUTC).

Samples

 A total of 117 pooling samples were collected from euthanized dis-
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eased and freshly dead broilers of different ages (1-30 days) in the pe-
riod between June and November 2024 from various poultry farms in 
Beni-Suef Governorate. These broilers were exposed to clinical and post-
mortem investigations. These samples were collected under aseptic con-
dition from internal organs lesions; yolk sac, heart and liver were collected 
from young ages (1-15 days) suffering from omphalitis and enteritis while 
samples including air sac, pericardium and liver were collected from ages 
(15-30 days) suffering from chronic respiratory disease (CRD).  

Bacteriological examination

Aloopful of each sample was inoculated into tryptone soya broth 
(TSB) aseptically (Oxoid)® and incubated at 37˚C for 24 h. Next, a loopful 
from TSB was streaked onto tryptone soya agar and incubated at 37˚C 
for 24 h, followed by application of Gram staining and oxidase test. The 
Gram negative, oxidase negative bacilli were streaked onto MacConkey 
agar (purple) (Merc)® and incubated at 37˚C for 24 h. Suspected lactose 
fermenting colonies (yellow) were stresked onto EMB (Hi media)® agar 
medium and incubated at 37˚C for 24 h and E. coli isolates were identified 
biochemically by the following tests; IMViC, urease as well as their reac-
tion on TSI (Collee et al., 1996).

Antimicrobial susceptibility testing

Fifty E. coli isolates were examined for their sensitivity to 13 various 
antimicrobial agents of the most common antimicrobials used in the field 
of broiler chickens’ production and human medication representing 8 an-
timicrobial classes by the disc diffusion method on Mueller Hinton agar 
according to Clinical and Laboratory Standards Institute (CLSI, 2024). An-
timicrobial discs included amoxicillin-clavulanic acid (30 μg), ceftazidime 
(30 μg), cefotaxime (30 μg), ertapenem (10 μg), enrofloxacin (5 μg), cip-
rofloxacin (5 μg), fosfomycin (200 μg), chloramphenicol (30 μg), colistin 
(10 μg), doxycycline (30 μg), amikacin (30 μg), streptomycin (10 μg) and 
sulfamethoxazole-trimethoprim (25 μg) (Hi media)®.  Multidrug resis-
tance (MDR) also was recorded.

Detection of the antibacterial effect of some essential oils and blue green 
algae on the growth of MDR E. coli isolates 

Preparation of oils

Essential oils: prepared as 10000 ppm in dimethyl sulfoxide (DMSO) 
as original solution.

Clove, cinnamon, eucalyptus and oregano oils (MULTIPHARMA co. 
For veterinary and agricultural development) were filter sterilized and 
mixed with the prepared TSA medium at concentrations of 1000 ppm, 
500 ppm, 250 ppm, 125 ppm and 63 ppm for clove oil, cinnamon and 
oregano oil and 1500 ppm, 1250 ppm, 1000 ppm, 500 ppm, 250 ppm, 125 
ppm and 63 ppm for eucalyptus oil. 

Preparation of blue green algal extract

One gram of dried algal powder was suspended into 10 ml D.W., 
leaved for 24 h and then centrifuged at high speed, the aqueous extract 
was mixed with the TSA medium at concentrations of 1%, 3%, 5%, 7% and 
10% and then was autoclaved.

Effect of EOs and blue green algae on antimicrobial resistance against an-
tibiotics

Four MDR E. coli isolates tested for the effect of oregano, cinnamon, 
clove and blue green algae on the antimicrobial resistance at concentra-
tions of 63 ppm, 250 ppm, 500 ppm and 10%, respectively (Collee et al., 
1996; CLSI, 2024).  

Detection of some resistance and virulence genes of E. coli isolates 

Polymerase chain reaction (PCR) was conducted to identify three re-
sistance genes (blaTEM, sul1, and qnrS) and three virulence genes (fimH, iss, 
and iutA) in 5 MDR E. coli isolates using their specific forward and reverse 
primers as demonstrated in Table 1. 
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Gene Primer sequence (5’-3’) Amplified product Reference

blaTEM
ATCAGCAATAAACCAGC
CCCCGAAGAACGTTTTC 516 bp (Colom et al., 2003)

Sul1 CGGCGTGGGCTACCTGAACG
GCCGATCGCGTGAAGTTCCG 433 bp (Ibekwe et al., 2011)

qnrS ACGACATTCGTCAACTGCAA
TAAATTGGCACCCTGTAGGC 417 bp (Robicsek et al., 2006)

Iss ATGTTATTTTCTGCCGCTCTG
CTATTGTGAGCAATATACCC 266 bp (Yaguchi et al., 2007)

fimH TGCAGAACGGATAAGCCGTGG
GCAGTCACCTGCCCTCCGGTA 508 bp (Ghanbarpour and Salehi, 2010)

iutA GGCTGGACATGGGAACTGG
CGTCGGGAACGGGTAGAATCG 300 bp (Yaguchi et al., 2007)

Table 1. Primers of resistance and virulence genes used in PCR.

Results

Prevalence of E. coli isolates

Out of 117 collected samples, 90 E. coli isolates had been isolated 
with a percentage of 76.9%.

Antimicrobial susceptibility of recovered E. coli isolates

The antimicrobial susceptibility testing of E. coli isolates showed 
complete resistance against ciprofloxacin (100%), reduced resistance 
against enrofloxacin (82%), chloramphenicol (76%), streptomycin (74%), 
cefotaxime (60%), sulfamethoxazole-trimethoprim and ceftazidime (46% 

for each) while showed high susceptibility to amikacin (92%), fosfomycin 
(76%), doxycycline (74%), amoxicillin-clavulanic acid (70%), ertapenem 
(66%) and colistin (60%). Multi-drug resistance was detected in tested 
isolates (n=50) with a percentage of 78%; they resisted at least 3 antimi-
crobials of various classes and reached to resist 7 out of 8 tested antimi-
crobial classes (Table 2).

Antibacterial effect of EOs and blue green algae on MDR E. coli isolates 

Cinnamon oil completely suppressed the growth of all tested E. coli 
isolates (100%) at concentrations of 1000 ppm and 500 ppm, while at 
concentrations of 250 ppm, 125 ppm and 63 ppm showed no bactericidal 
effect on all tested isolates.



Clove oil completely inhibited all tested E. coli isolates growth (100%) 
at concentration of 1000 ppm, while at 500 ppm inhibited the growth of 
26.6% of examined E. coli isolates, whereas at concentrations of 250 ppm, 
125 ppm and 63 ppm showed no bactericidal effect on all tested isolates.

Oregano oil completely inhibited all examined E. coli isolates growth 
(100%) at concentrations of 1000 ppm, 500 ppm and 250 ppm while at 
concentrations of 125 ppm and 63 ppm showed no bactericidal effect on 
all tested isolates.

Eucalyptus oil and blue green algae showed no bactericidal effect 
on all tested E. coli isolates at all tested concentrations; (1500 ppm, 1250 
ppm, 1000 ppm, 500 ppm, 250 ppm, 125 ppm and 63 ppm for eucalyptus 
oil and 1%, 3%, 5%, 7% and 10% for blue green algae).

Effect of EOs and blue green algae on antimicrobial resistance against an-
tibiotics

Clove EO treatment of resistant isolates resulted in change in 2 iso-
lates to be sensitive to chloramphenicol and 2 isolates became interme-
diate sensitive to chloramphenicol. Moreover, oregano EO treatment 
resulted in change in one isolate to become intermediate sensitive to 
amoxicillin-clavulanic acid. Whereas, cinnamon EO and blue green algae 
treatment caused no change in antimicrobial resistance.

Prevalence of resistance genes (blaTEM, sul1 and qnrS)

All tested isolates (n=5) harbored blaTEM and sul1 genes (100%) while 
3 isolates harbored qnrS gene (60%) (Fig. 1).

Prevalence of virulence genes (fimH, iss and iutA)

All tested isolates (n=5) harbored all tested virulence genes (100%) 
(Fig. 2).

Discussion

Colibacillosis is the most significant disease detected in chickens 
which is caused by E. coli (Saif et al., 2003). Also, salpingitis, acute colisep-
ticemia, pulmonary colibacillosis, omphalitis and swollen head syndrome 
are among the systemic and localized infections resulted from APEC in-
fection. The most frequent form of colibacillosis is an early respiratory 
disease that primarily affects broiler chickens and turkeys aged 3 to 12 
weeks. It is followed by a systemic infection with fibrinous lesions (peri-
carditis, perihepatitis and airsacculitis) and ultimately, deadly septicemia. 
The infection is exacerbated by predisposing agents such as environmen-
tal variables, viral or mycoplasma infection (Barnes et al., 2003).  

In the present work, the total prevalence of E. coli was 76.9%, where 
90 isolates were recovered. Nearly similar results were reported by Bar-
ka et al. (2021) and Hassan et al. (2020); 77.5% for each, Abd Elatiff et 
al. (2019); 77.7% and Habak et al. (2020); 77.64%. While, lower results 
were determined by Amer et al. )2013); 22%, 39% by Bushen et al. (2021), 
41.5% by Radwan  et al. (2014), 44.58% by Shoaib et al. (2016), 45.5% by 
Radwan et al. (2016), 48.13% by Kamboh et al. (2018), 48.98% by Yahya et 
al. (2021), 53% by Senthamilselvan et al. (2024), 53.8% by Ali et al. (2019), 
60.81% by Tigabie et al. (2023), 60.97% by Halfaoui et al. (2024) and 70% 
by Khalaf et al. (2020). Meanwhile, higher E. coli isolation was recorded by 
Kamel et al. (2024); 80.5% and 83.7% by Mezalira et al. (2019). The high-
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Antimicrobial type Symbol Disc content 
(µg)

Tested isolates (n= 50)

Resistant Intermediate Sensitive

No % No % No %

Amoxicillin-clavulanic acid AMC 30 4 8 11 22 35 70

Ceftazidime CAZ 30 23 46 8 16 19 38

Cefotaxime CTX 30 30 60 2 4 18 36

Ertapenem ETP 10 2 4 15 30 33 66

Enrofloxacin ENR 5 41 82 0 0 9 18

Ciprofloxacin CIP 5 50 100 0 0 0 0

Fosfomycin FOS 200 12 24 0 0 38 76

Chloramphenicol C 30 38 76 1 2 11 22

Colistin CL 10 3 6 17 34 30 60

Doxycycline DO 30 0 0 13 26 37 74

Amikacin AK 30 0 0 4 8 46 92

Streptomycin S 10 37 74 3 6 10 20

Sulfamethoxazole- trimethoprim COT 25 23 46 0 0 27 54

Table 2. Antimicrobial susceptibility of different E. coli isolates (n=50) 

% was calculated according to the number of the tested isolates.

Fig. 1. PCR amplification of blaTEM, sul1 and qnrS resistance genes at 516, 433 and 417 
bp fragments, respectively. Lanes 1-5 demonstrated positive amplification of blaTEM and 
sul1 genes. Lanes 1, 3 and 5 demonstrated positive amplification of qnrS gene. P (Positive 
control) and N (Negative control).

Fig. 2. PCR amplification of iss, iutA and fimH virulence genes at 266, 300 and 508 bp 
fragments, respectively. Lanes 1-5 demonstrated positive amplification of iss, iutA and fimH 
genes. P (Positive control) and N (Negative control).



est prevalence was obtained by Bezerra et al. (2016) with a percentage 
of 95.9%.

In poultry farms, antibiotics serve as both growth promoters and 
therapeutic agents. However, overuse possesses a serious risk as it leads 
to the emergence and dessimination of antimicrobial-resistant strains 
of both pathogenic and commensals bacteria, which can then enter the 
food chain and infect humans (Apata, 2009; Kariuki et al., 1999; Suleiman 
et al., 2013). In-vitro antimicrobial sensitivity testing of veterinary patho-
gens can offer a beneficial direction for choice of effective therapeutic 
treatments (Blanco et al., 1997). Also, identification of MDR isolates is 
very important.

 In the current study, isolates of E. coli were examined for their sen-
sitivity to 13 various antimicrobial agents. The isolates showed complete 
resistance against ciprofloxacin (100%), reduced resistance against enro-
floxacin (82%), chloramphenicol (76%), streptomycin (74%), cefotaxime 
(60%), sulfamethoxazole-trimethoprim and ceftazidime (46% for each), 
while showed high susceptability to amikacin (92%), fosfomycin (76%), 
doxycycline (74%), amoxicillin-clavulanic acid (70%), ertapenem (66%) 
and colistin (60%). Additionally, MDR was found in 78% of tested isolates.

The complete resistance against ciprofloxacin in the current work was 
confirmed by the results of the previous studies (Radwan et al. (2019), 
Kamel et al. (2024) and Bezerra et al. (2016)) as they recorded resistance 
against ciprofloxacin with percentages of 95.9%, 94.19% and 91.4%, re-
spectively. Whereas a lower resistance against ciprofloxacin was deter-
mined  by Salem et al. (2023); 82.1%, Abd Elatiff et al. (2019); 81%  and 
Limbachiya et al. (2022); 71.67%, whereas, complete sensitivity tocipro-
floxacin was recorded by  Sarba et al. (2019). The high resistance reported 
in the current study against streptomycin, enrofloxacin, chloramphenicol, 
sulfamethoxazole-trimethoprim, cefotaxime and ceftazidime was nearly 
similar to higher rates of resistance that were recorded by Barka et al. 
(2021), Radwan et al. (2019), Salem et al. (2023) and Tigabie et al. (2023).

Regarding the result of colistin sensitivity, it was confirmed by inves-
tigations of Abd Elatiff et al. (2019) and Kamel et al. (2024) who declared 
that resistance against colistin was 62% and 62.5%, respectively. Mean-
while, higher sensitivity to colistin recorded by Tahir et al. (2021); 92.2%, 
Limbachiya et al. (2022) and Mohamed et al. (2023); both reported 100% 
sensitivity to colistin, Whereas, Younis et al. (2017) found 100% resistance 
of E. coli against colistin. 

Additionally, in the present work, MDR was found in 78% of tested 
E. coli isolates. Lower results were recorded by Bushen et al. (2021) and 
Yahya et al. (2021) as they recorded MDR in 52.5% and 63.64% of tested 
isolates, respectively. Meanwhile, higher prevalence of MDR were report-
ed by Bezerra et al. (2016) and Moawad et al. (2018); (98.2%, for each), 
Tigabie et al. (2023) and Barka et al. (2021); 83.9% and 87.9%, respectively. 
Moreover, Kamel et al. (2024); Mohamed et al. (2023) and Radwan et al. 
(2019) detected MDR in 100% of tested isolates.

 In recent decades, antimicrobial resistance (AMR) in both nonpatho-
genic and pathogenic organisms had increased because of the improper 
usage of antibiotics (Phillips et al., 2004). Several herbs and spices are 
now highly valued for their antimicrobial properties (Shan et al., 2007). 
Oregano oil contains a high level of carvacrol and thymol essential oils. 
Those two compounds have demonstrated effectiveness in suppressing 
bacterial growth and decreasing biofilm development, consequently, 
oregano exhibited strong antibacterial and antifungal properties (Caputo 
et al., 2022; Lombrea et al., 2020; Polito et al., 2022). Moreover, clove oil 
has antibacterial and antioxidant characteristics due to its free hydrox-
yl group which suppresses some enzymes and disrupts cell membrane 
(Peng et al., 2022; Souza et al., 2022). As well as the antibacterial activity 
of cinnamon oil is mainly attributed to the presence of a high concen-
tration of cinnamaldehyde that exhibits antibacterial properties (El Atki 
et al. 2019). 

In vitro studies in this work revealed that the essential oil from cin-
namon completely suppressed the growth of all examined E. coli isolates 
(100%) at concentration of 500 ppm, meanwhile at concentrations of 250 

ppm, 125 ppm and 63 showed no antibacterial effect on all tested iso-
lates. Regarding clove EO, inhibited the growth completely of all exam-
ined E. coli isolates (100%) at concentration of 1000 ppm, whereas at 500 
ppm inhibited the growth of 26.6% of examined E. coli isolates, whereas 
at concentrations of 250 ppm, 125 ppm and 63 ppm showed no antibac-
terial effect on all tested isolates. Concerning oregano EO, the growth of 
all tested E. coli isolates completely inhibited (100%) at concentration of 
250 ppm while at concentrations of 125 ppm and 63 ppm showed no an-
tibacterial effect on all tested isolates. Meanwhile, eucalyptus EO, showed 
no antibacterial effect on all examined E. coli isolates at concentrations of 
1500 ppm, 1250 ppm, 1000 ppm, 500 ppm, 250 ppm, 125 ppm and 63 
ppm. Also, blue green algae showed no antibacterial effect on all tested 
E. coli isolates at concentrations of 1%, 3%, 5%, 7% and 10%.

 Several studies reported the antibacterial activities of cinnamon, 
clove and oregano EOs either with lower or higher concentrations than 
this study against E. coli. The antimicrobial effect of cinnamon and orega-
no EOs had been reported in previous studies by many authors (Radwan 
et al., 2016; See and Jenwitheesuk, 2018 and Pouyan et al., 2021) who 
revealed that cinnamon and oregano EOs were effective against E. coli. 
Moreover, the antimicrobial effect of clove EO against E. coli had been 
stated in previous studies by de Almeida et al. (2023) and Zych et al. 
(2024).

Additionally, the spread of MDR bacteria in the veterinary and med-
ical sectors is ascribed to the transferring of mobile genetic elements in-
cluding extra chromosomal DNA (plasmids), transposons or integrons. 
Together, these elements are crucial in promoting horizontal genetic 
transfer which in turn facilitates acquiring and dessimination of genes of 
resistance (Partridge et al., 2018). Plasmids are the vital vectors that dis-
seminate resistance genes across the bacteria (Radwan et al., 2016). E. coli 
frequently harbored antimicrobial resistance genes, among them those 
responsible for resistance against β-lactams (blaTEM), (Parvez et al., 2016) 
and sulfonamides (sul1), (Parvin et al., 2020). The qnrS gene possesses a 
public health risk because qnr-plasmids are often linked to integrons and 
include resistance factors, contributing resistance to many antimicrobial 
classes, including aminoglycosides and lactams (Li, 2005).

In the present investigation, PCR was conducted on 5 MDR E. coli iso-
lates to determine 3 resistance genes: β-lactamase (blaTEM), sulfonamides 
(sul1) and fluoroquinolones (qnrS). The results indicated that all examined 
isolates (100%) carried blaTEM and sul1 genes while qnrS was detected in 3 
isolates (60%). These results are agreed with Enany et al. (2023) and Rad-
wan et al. (2016) as they demonstrated blaTEM gene in 100% of tested iso-
lates. Nearly similar results were conducted by Abd Elaziz et al. (2022) and 
Abed et al. (2020) who determined the presence of blaTEM with percentag-
es of 95.7% and 90%, respectively. As well as Radwan et al. (2016) report-
ed the presence of sul1 with a percentage of 92.9%. Meanwhile, a lower 
prevalence of blaTEM is demonstrated by Kagane et al. (2021); Ibrahim et 
al. (2019); Messaili et al. (2019) and Eraky & Abd EL-Ghany (2024) with 
percentages of 80%, 72.9%, 70% and 33.33%, respectively. Also, Eraky & 
Abd EL-Ghany (2024) found sul1 with a percentage of 33.33%. Moreover, 
sul1 and qnrS is recorded with a lower prevalence by Messaili et al. (2019) 
and Kim et al. (2020) with percentages of 14% and 2.5%, respectively.

APEC have probable virulence factors associated with haemaggluti-
nin temperature sensitive, increased serum survival and complement re-
sistance (Mainil, 2013). The type I fimbrial adhesion gene (FimH) involved 
extraintestinal E. coli invasion via the intestinal mucosa (Poole et al., 2017). 
Moreover, FimH gene reliable for encoding the synthesis of type 1 fim-
briae (Ionica et al., 2012). The iutA gene encodes for siderophores that 
is characteristic for invasive E. coli and facilitates the growth of E. coli on 
media with a low concentration of iron (Garénaux et al., 2011). Further-
more, the iss gene (increased serum survival) is connected to serum re-
sistance and it is more prominent in pathogenic E. coli than commensals 
(Vandekerchove, 2004), and its presence in conjugative ColV plasmid may 
explain the relationship between E. coli pathogenicity and the iss factor 
(Johnson et al., 2008).  
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In the present investigation, PCR was conducted on 5 MDR E. coli iso-
lates and tested for harboring fimH, iss and iutA virulence genes and the 
results revealed that all examine isolates (100%) carried all tested genes. 
Such results are agreed with the results of Salam et al. (2024) who report-
ed the presence of fimH and iss with a percentage of 100%, Hassan et al. 
(2020); iss and iutA (100%), Sedeek et al. (2020) and Azim et al. (2021); 
iutA and fimH (100%). Nearly similar results recorded by Awawdeh et al. 
(2024) as they identified iutA and iss in 93% of tested isolates, Halfaoui 
et al. (2024) and Messaili et al. (2019); fimH (91%), Ali et al. (2019); iutA 
and fimH (90% and 84%, respectively). High prevalence of iss detected by 
Varga et al. (2018), Lounis et al. (2020) and Mahmoud et al. (2023) with 
percentages of 88%, 82.3% and 84.6%, respectively. Moreover, Mbanga & 
Nyararai (2015) and Varga et al. (2018) detected iutA with percentages of 
80% and 79%, respectively. While a low prevalence of iutA and iss is de-
tected by Habak et al. (2020) and Messaili et al. (2019) with percentages 
of 9.53% and 20%, respectively.   

Conclusion

This study demonstrated high incidence of MDR E. coli associated 
with colibacillosis in broilers and the existence of resistance and virulence 
genes. Clove, cinnamon and oregano oils have a remarkable antibacterial 
action against the growth of MDR E. coli isolates.

Conflict of interest

The authors have no conflict of interest to declare.

References

Abd Elaziz, H.A., Shehata, M.A., Hagag, N.M., Ali, N.M., Amen, O., 2022. Molecular identification 
of virulence genes of pathogenic Escherichia coli isolated from broilers chicken. Ass. Vet. 
Med. J. 68, 17-27.

Abd Elatiff, A., El-Sawah, A., Amer, M., Dahshan, A.H., Shany, S., 2019. Serogrouping and resistance 
gene detection in avian pathogenic E. coli isolated from broiler chickens. J. Vet. Med. Res. 
26, 48-54.

Abed, A., Hasan, W., Abd Elatiff, M., 2020. Bacteriological and molecular studies on E. coli isolated 
from broiler chickens. Ass. Vet. Med. J. 66, 34-47.

Ahmed, A.M., Shimamoto, T., Shimamoto, T., 2013. Molecular characterization of multidrug-resis-
tant avian pathogenic Escherichia coli isolated from septicemic broilers. Int. J. Med. Micro-
biol. 303, 475-483.

Ali, A., AI, A.E.M., Dahshan, A., AA, H.E.S., Nasef, S.A., Ibrahim, M., 2019. Virulence gene constel-
lations associated with lethality in avian pathogenic E. coli recovered from broiler chickens. 
Adv. Anim. Vet. Sci. 7, 1076-1082.

Amer, M.M., Dahshan, A.H.M., Hassan, H., Mohamed, A., 2013. Studies on the Prevalence of Entero-
bacteriaceae in Chickens and Chicken eggs. J. Vet. Med. 22, 136-144.

Apata, D.F., 2009. Antibiotic resistance in poultry. Int.  J. Poult.  Sci8, 404-408.
Awawdeh, L., Forrest, R., Turni, C., Cobbold, R., Henning, J., Gibson, J., 2024. Virulence‐associated 

genes in faecal and clinical Escherichia coli isolates cultured from broiler chickens in Australia. 
Aust. Vet. J. 102, 398-406.

 Azim, K.F., Somana, S.R., Hasan, M.K., Foysal, M.J., Ali, M.H., Chowdhury, T.A., Hossain, M.N., 2021. 
Molecular detection and analysis of virulence genes in multi-drug resistant Escherichia coli 
from infected broilers. Vet. Res. Forum. 12, 505.

Bakkali, F., Averbeck, S., Averbeck, D., Idaomar, M., 2008. Biological effects of essential oils–a re-
view. Food and Chemical Toxicology 46, 446-475.

Barka, M.S., Cherif-Anntar, A., Benamar, I., 2021. Antimicrobial resistance patterns and transferable 
traits in Enterobacteriaceae isolates from poultry in Tlemcen, Algeria. African J. of Clin. and 
Experimental Microbiol. 22, 196-203.

Barnes, H.J., Vaillancourt, J.P., Gross, W.B., 2003. Colibacillosis Diseases of poultry.11th ed. Iowa 
State University Press, Ames, IA. pp. 631–652.  

Bezerra, W.G.A., da Silva, I.N.G., Vasconcelos, R.H., Machado, D.N., de Souza Lopes, E., Lima, S.V.G., 
de Castro Teixeira, R.S., Lima, J.B., Oliveira, F.R., Maciel, W.C., 2016. Isolation and antimicro-
bial resistance of Escherichia coli and Salmonella enterica subsp. enterica (O: 6, 8) in broiler 
chickens. Acta Scientiae Veterinariae 44, 7-7.

Blanco, J.E., Blanco, M., Mora, A., Blanco, J., 1997. Prevalence of bacterial resistance to quinolones 
and other antimicrobials among avian Escherichia coli strains isolated from septicemic and 
healthy chickens in Spain. J. Clin. Microbiol. 35, 2184-2185.

Bushen, A., Tekalign, E., Abayneh, M., 2021. Drug-and multidrug-resistance pattern of Enterobacte-
riaceae isolated from droppings of healthy chickens on a poultry farm in Southwest Ethiopia. 
Infection & drug resistance 14, 2051-2058.

Caputo, L., Amato, G., de Bartolomeis, P., De Martino, L., Manna, F., Nazzaro, F., De Feo, V., Barba, 
A.A., 2022. Impact of drying methods on the yield and chemistry of Origanum vulgare L. 
essential oil. Scientific Reports 12, 3845.

Clinical and Laboratory Standards Institute (CLSI), 2024. Performance standards for antimicrobial 
susceptibility testing.  M100, 34th Ed.

Collee, J.G., Duguid, J.P., Fraser, A.G., Marmion, B.P., Simmons, A., 1996. Laboratory strategy in the 
diagnosis of infective syndromes. Mackie and McCartney Practical Medical Microbiology 
14, 53-94.

Colom K., Pèrez, J., Alonso, R., Fernández-Aranguiz, A., Lariňo, E., Cisterna, R., 2003. Simple and 
reliable multiplex PCR assay for detection of blaTEM,blaSHV and blaOXA-1 genes in Enterobacteri-
aceae. FEMS Microbiol. Lett. 223, 147-151.

de Almeida, J.M., Crippa, B.L., De Souza, V.V.M.A., Alonso, V.P.P., Junior, E.D.M.S., Picone, C.S.F., 
Prata, A.S., Silva, N.C.C., 2023. Antimicrobial action of Oregano, Thyme, Clove, Cinnamon 
and Black pepper essential oils free and encapsulated against foodborne pathogens. Food 
Control 144, 109356.

Dziva, F., Stevens, M.P., 2008. Colibacillosis in poultry: unravelling the molecular basis of virulence 

of avian pathogenic Escherichia coli in their natural hosts. Avian Pathology 37, 355-366.
El Atki, Y., Aouam, I., El Kamari, F., Taroq, A., Nayme, K., Timinouni, M., Lyoussi, B., Abdellaoui, A., 

2019. Antibacterial activity of cinnamon essential oils and their synergistic potential with 
antibiotics. J. Adv. Pharmac. Techn. Res. 10, 63-67.

Ellis, M.G., Arp, L.H., Lamont, S.J., 1988. Serum resistance and virulence of Escherichia coli isolated 
from turkeys. American J. Vet. Res. 49, 2034-2037.

Enany, M.E., Eid, S., Mohamed, B.A., Al-Atfeehy, N.M., 2023. Detection of Antibiotic and Disinfec-
tant Resistant Genes in E. coli Isolated from Broilers Chickens. J. Adv. Vet. Res. 13, 1977-1981.

Eraky, R.D., Abd El-Ghany, W., 2024. Molecular determination of virulence and antimicrobial resis-
tance genes in Escherichia coli recovered from broiler chickens. J. Adv. Vet. Res. 14, 727-734.

Ewers, C., Janßen, T., Kießling, S., Philipp, H.C., Wieler, L.H., 2005. Rapid detection of virulence-as-
sociated genes in avian pathogenic Escherichia coli by multiplex polymerase chain reaction. 
Avian Dis. 49, 269-273.

Founou, L.L., Founou, R.C., Essack, S.Y., 2016. Antibiotic resistance in the food chain: a developing 
country-perspective. Frontiers in microbiology 7, 1881.

Garénaux, A., Caza, M., Dozois, C. M., 2011. The Ins and Outs of siderophore mediated iron uptake 
by extra-intestinal pathogenic Escherichia coli. Vet. Microbiol. 153, 89-98.

Ghanbarpour, R., Salehi, M., 2010. Determination of Adhesin Encoding Genes in Escherichia coli 
Isolates from Omphalitis of Chicks. American J. Anim. Vet. Sci. 5, 91-96.

Gyles, C.L., 2008. Antimicrobial resistance in selected bacteria from poultry. Anim. Hlth. Res. Re-
views 9, 149-158.

Habak, M.A., Khalil, S.A., Ellakany, H.F., 2020. Virulence Genes of E. coli Isolated from Chickens and 
Their Resistance to Antibiotics. Alex. J. Vet. Sci. 65, 7-15.

Halfaoui, Z., Rahab, H., Achek, R., Menoueri, M.N., 2024. First report of detection of mcr-1 and 
virulence genes in avian pathogenic Escherichia coli in the center of Algeria. Iran. J. Vet. Res. 
25, 5-15.

Hassan, M., Moursi, M., Abd El-Fattah, R., Enany, M., 2020. Molecular detection of some virulence 
genes of E. coli isolated from broiler chickens and ducks at Ismailia governorate. Suez Canal 
Vet. Med. J. 25, 1-19.

Ibekwe, A.M., Murinda, S.E., Graves, A.K., 2011. Genetic Diversity and Antimicrobial Resistance of 
Escherichia coli from Human and Animal Sources Uncovers Multiple Resistances from Human 
Sources. PLoS ONE 6, e20819.

Ibrahim, R.A., Cryer, T.L., Lafi, S.Q., Basha, E.A., Good, L., Tarazi, Y.H., 2019. Identification of Esche-
richia coli from broiler chickens in Jordan, their antimicrobial resistance, gene characteriza-
tion and the associated risk factors. BMC Vet. Res. 15, 159.

Ionica, F., Virgilia, P., Ioana, G., Catana, N., 2012. Molecular typing of avian pathogenic Escherichia 
coli (APEC) using multiprimer PCR. Sci. Res. Ess. 7, 2868-2873. 

Islam, M.S., Nayeem, M.M.H., Sobur, M.A., Ievy, S., Islam, M.A., Rahman, S., Kafi, M.A., Ashour, H.M., 
Rahman, M.T., 2021. Virulence determinants and multidrug resistance of Escherichia coli iso-
lated from migratory birds. Antibiotics 10, 190.

Islam, M.S., Sobur, M.A., Rahman, S., Ballah, F.M., Ievy, S., Siddique, M.P., Rahman, M., Kafi, M.A., 
Rahman, M.T., 2022. Detection of blaTEM, blaCTX-M, blaCMY, and blaSHV genes among extend-
ed-spectrum beta-lactamase-producing Escherichia coli isolated from migratory birds trav-
elling to Bangladesh. Microbial Ecology 83, 942-950.

Johnson, T.J., Wannemuehler, Y.M., Nolan, L.K., 2008. Evolution of the iss gene in Escherichia coli. 
Applied and Env. Microbiol. 74, 2360-2369.

Kabir, S.M.L., 2010. Avian colibacillosis and salmonellosis: a closer look at epidemiology, patho-
genesis, diagnosis, control and public health concerns. Int. J. Env. Res. Public Hlth. 7, 89-114.

Kagane, B., Waghamare, R., Deshmukh, V., Londhe, S., Khose, K., Nandedkar, P., 2021. Antimicrobial 
resistance of pathogenic Escherichia coli isolated from broiler production systems. J. Anim. 
Res. 11, 915-923.  

Kamboh, A.A., Shoaib, M., Abro, S.H., Khan, M.A., Malhi, K.K., Yu, S., 2018. Antimicrobial resistance 
in Enterobacteriaceae isolated from liver of commercial broilers and backyard chickens. J. 
App. Poult. Res. 27, 627-634.

Kamel, K., Merghad, A., Barour, D., Gherissi, D. E., Khenenou, T., 2024. High antimicrobial resistance 
rates and multidrug resistance in Enterobacteriaceae isolates from poultry in Souk Ahras 
region, Algeria. Vet. World 17, 2709.

Kariuki, S., Gilks, C., Kimari, J., Obanda, A., Muyodi, J., Waiyaki, P. Hart, C., 1999. Genotype analysis 
of E. coli strains from children and chicken living in close contact. Appl. Env. Microbiol. 65, 
472-476. 

Khalaf, H. A., Aml, B., Awd, A., 2020. Antimicrobial resistance genes of E. coli isolated from broiler 
chickens in upper Egypt. Anim. Vet. Sci. 8, 19-28.

Kim, Y.B., Yoon, M.Y., Ha, J.S., Seo, K.W., Noh, E.B., Son, S.H., Lee, Y.J., 2020. Molecular character-
ization of avian pathogenic Escherichia coli from broiler chickens with colibacillosis. Poult. 
Sci. 99, 1088-1095.

Levine, M.M., 1987. Escherichia coli that cause diarrhea: enterotoxigenic, enteropathogenic, en-
teroinvasive, enterohemorrhagic, and enteroadherent. J. infec. Dis. 155, 377-389.

Li, X.Z., 2005. Quinolone resistance in bacteria: emphasis on plasmid-mediated mechanisms. Int. J. 
Antimicrob. Agents 25, 453-463.

Limbachiya, B.B., Mathakiya, R.A., Patel, K.J., Joddha, H.B., 2022. Determination of antibiotic sus-
ceptibility of avian pathogenic Escherichia coli by phenotypic and genotypic methods. Ind. J. 
Vet. Sci. Biotechnol. 18, 26-31.

Lombrea, A., Antal, D., Ardelean, F., Avram, S., Pavel, I.Z., Vlaia, L., Mut, A.M., Diaconeasa, Z., De-
helean, A.D., Soica, C., Danciu, C., 2020. A recent insight regarding the phytochemistry and 
bioactivity of Origanum vulgare L. essential oil. Int. J. Molec. Sci. 21, 9653.

Lounis, M., Zhao, G., Li, Y., Gao, Y., Wang, J., Oumouna, M., Oumouna, K., 2020. Molecular profile of 
avian pathogenic Escherichia coli (APEC) from poultry associated with colibacillosis in Algeria. 
J. Hellenic Vet. Med. Society 71, 2113-2120.

Mahmoud, E., El-Kholi, S.A., Rady, M.A., El-Tarabili, R.M., Hashem, M.A., Elfeil, W.M., 2023. Molec-
ular Characterization of Virulence Genes among MDR and XDR Avian Pathogenic E. coli. J. 
Adv. Vet. Res. 13, 2014-2018.

Mainil, J., 2013. Escherichia coli virulence factors. Vet. Immunol. Immunopathol. 152, 2-12.
Mbanga, J., Nyararai, Y.O., 2015. Virulence gene profiles of avian pathogenic Escherichia coli iso-

lated from chickens with colibacillosis in Bulawayo, Zimbabwe. Onderstepoort J. Vet. Res. 
82, 1-8.

Messaili, C., Messai, Y., Bakour, R., 2019. Virulence gene profiles, antimicrobial resistance and phy-
logenetic groups of fecal Escherichia coli strains isolated from broiler chickens in Algeria. 
Veterinaria Italiana 55, 35-46.

Mezalira, T.S., Gonçalves, D.D., Herrera, E., da Silva, F.M., dos Santos, I.C., Gerônimo, E., Pereira, 
J.C., Otutumi, L.K., 2019. Extended-spectrum β-lactamase (ESBL)-producing enterobacteria 
isolated from broiler breeder chickens. Biotemas 32, 1-10.

Miles, T.D., McLaughlin, W., Brown, P.D., 2006. Antimicrobial resistance of Escherichia coli isolates 
from broiler chickens and humans. BMC Vet. Res. 2, 7.

Moawad, A.A., Hotzel, H., Neubauer, H., Ehricht, R., Monecke, S., Tomaso, H., Hafez, H.M., Roesler, 
U., El-Adawy, H., 2018. Antimicrobial resistance in Enterobacteriaceae from healthy broilers 
in Egypt: emergence of colistin-resistant and extended-spectrum β-lactamase-producing 
Escherichia coli. Gut pathogens 10, 39.

Mohamed, M.A., Shehata, M.A., Rafeek, E., 2014. Virulence genes content and antimicrobial resis-
tance in Escherichia coli from broiler chickens. Vet. Med. Int. 2014, 195189.

Mohamed, W.N., Awad, A., Younis, G., 2023. Phylotypes, antimicrobial susceptibility phenotypes 
and virulence determinants of Escherichia coli isolates from broiler chickens infected with 
colibacillosis. Mansoura Vet. Med. J. 24, 6.

Partridge, S.R., Kwong, S.M., Firth, N., Jensen, S.O., 2018. Mobile genetic elements associated with 
antimicrobial resistance. Clinical Microbiol. Reviews 31, 10-1128.

Parvez, A.K.M., Marzan, M., Liza, S.M., Mou, T.J., Azmi, I.J., 2016. Prevalence of inhibitor resistant 
beta lactamase producing E. coli in human and poultry origin of Bangladesh. J. Bacteriol. 
Parasitol. 7, 2. 

W.H. Hassan et al. /Journal of Advanced Veterinary Research (2026) Volume 16, Issue 3, 370-375

374



Parvin, M.S., Talukder, S., Ali, M.Y., Chowdhury, E.H., Rahman, M.T., Islam, M.T., 2020. Antimicro-
bial resistance pattern of Escherichia coli isolated from frozen chicken meat in Bangladesh. 
Pathogens 9, 420.

Peng, R., Yang, Z., Gao, Y., Nie, J., Sun, F., 2022. Synthesis and properties of cationic photocurable 
polymethylsiloxane/eugenol-modified oxetane monomers. Industrial & Engineering Chem-
istry Research 61, 2792-2798.

Phillips, I.., Casewell, M., Cox, T., De Groot, B., Friis, C., Jones, R., Nightingale, C., Preston, R., Wad-
dell, J., 2004. Does the use of antibiotics in food animals pose a risk to human health? A 
critical review of published data. J. Antimicrob. Chemother. 53, 28-52.

Poirel, L., Madec, J.Y., Lupo, A., Schink, A.K., Kieffer, N., Nordmann, P., Schwarz, S., 2018. Antimicro-
bial resistance in Escherichia coli. Microbiology Spectrum 6, 10-1128.

Polito, G., Semenzato, G., Del Duca, S., Castronovo, L.M., Vassallo, A., Chioccioli, S., Borsetti, D., 
Calabretta, V., Puglia, A.M., Fani, R., Palumbo Piccionello, A., 2022. Endophytic bacteria and 
essential oil from Origanum vulgare ssp. vulgare share some VOCs with an antibacterial 
activity. Microorganisms 10, 1424.

Poole, N.M., Green, S.I., Rajan, A., Vela, L.E., Zeng, X.L., Estes, M.K., Maresso, A.W., 2017. Role for 
FimH in extraintestinal pathogenic Escherichia coli invasion and translocation through the 
intestinal epithelium. Infection and Immunity 85, 10-1128.

Pouyan, S., Kafshdouzan, K., Jebelli, A., 2021. Synergistic effect of cinnamomum camphora and 
origanum vulgare essential oils against blactx-m producing Escherichia coli isolated from poul-
try colibacillosis. J. Med. Bacteriol. 10, 20-29.

Radwan, I.A., Abed, A.H., Abdallah, A.S., 2018. Antifungal effect of carvacrol on fungal pathogens 
isolated from broiler chickens. Ass. Vet. Med. J. 64, 11.

Radwan, I.A., Abed, A.H., Abd Al-Wanis, S.A., Abd El-Aziz, G.G., El-Shemy, A., 2016. Antibacterial ef-
fect of cinnamon and oreganium oils on multidrug resistant Escherichia coli and Salmonellae 
isolated from broiler chickens. J. Egy. Vet. Med, Ass. 76, 169-186.

Radwan, I.A., Salam, H.S.H., Abd-Alwanis, A.A., Al-Sayed, M.Y., 2014. Frequency of some virulence 
associated genes among multidrug-resistant Escherichia coli isolated from septicemic broiler 
chicken. Int. J. Adv. Res. 2, 867-874.

Radwan, I., Abd El-Halim, M., Abed, A.H., 2020. Molecular characterization of antimicrobial-resis-
tant Escherichia coli isolated from broiler chickens. J. Vet. Med. Res. 27, 128-142.

 Radwan, I., Tamam, S., El Sayed, A., Qurani, R., 2019. Antimicrobial patterns of avian pathogenic 
Escherichia coli isolated from broiler chickens. J. Vet. Med. Res. 26, 134-142.

Robicsek, A., Strahilevitz, J., Sahm, D.F., Jacoby, G.A., Hooper, D.C., 2006. qnr prevalence in ceftazi-
dime-resistant Enterobacteriaceae isolates from the United States. Antimicrobial Agents and 
Chemotherapy 50, 2872-2874.

Saif, Y.M., Barnes, H.J., Glisson, J.R., Fadly, A.M., Dougland, L.R., Swayne, D.E., 2003. Diseases of 
Poultry, 11th ed., Press Iowa State, USA. pp.562-566.

Sakkas, H., Papadopoulou, C., 2017. Antimicrobial activity of basil, oregano, and thyme essential 
oils. J. Microbiol. Biotechnol. 27, 429-438.

Salam, H.S., El-Ela, F.I.A., Hamra, S.A., Ismail, I.I., 2024. Antimicrobial resistance and virulence fac-
tors in chicken-derived E. coli isolates. J. Adv. Vet. Res. 14, 48-54.

Salem, G.A., Abdelaziz, E.S.A., Kamel, M.A., Rhouma, N.R., Ali, R.I., 2023. Prevalence of multi-
drug-resistant and extended-spectrum β–lactamase-producing Escherichia coli from chicken 
farms in Egypt. Veterinary World 16, 1001-1007.

Sarba, E.J., Kelbesa, K.A., Bayu, M.D., Gebremedhin, E.Z., Borena, B.M., Teshale, A., 2019. Identifica-
tion and antimicrobial susceptibility profile of Escherichia coli isolated from backyard chicken 
in and around ambo, Central Ethiopia. BMC Vet. Res. 15, 85.

Sedeek, D.M., Rady, M.M., Fedawy, H.S., Rabie, N.S., 2020. Molecular epidemiology and sequenc-

ing of avian pathogenic Escherichia coli APEC in Egypt. Adv. Anim. Vet. Sci. 8, 499-505.
See, C., Jenwitheesuk, E., 2018. Antimicrobial activity of a blend of essential oils extracted from 

oregano and cinnamon. J. Anim. Sci. Res. 2, 1-3.
Senthamilselvan, B., Rameshkumar, M.R., Madani, Z.S., Dhanasezhian, A., Kamalakar, S., Sivakumar, 

S., Nishanth, A., Alodaini, H.A., Hatamleh, A.A., Arunagirinathan, N., 2024. Molecular analysis 
of ESBL-and AmpC-producing Enterobacteriaceae in fecal samples from broiler and backyard 
chickens. J. King Saud Univ. Sci. 36, 103191.

Shan, B., Cai, Y.Z., Brooks, J.D., Corke, H., 2007. The in vitro antibacterial activity of dietary spice and 
medicinal herb extracts. Int. J. Food Microbiol. 117, 112-119.

Shoaib, M., Kamboh, A.A., Sajid, A., Mughal, G.A., Leghari, R.A., Malhi, K.K., Bughio, S.D., Ali, A., 
Alam, S., Khan, S., Ali, S., 2016. Prevalence of extended spectrum beta-lactamase produc-
ing Enterobacteriaceae in commercial broilers and backyard chickens. Adv. Anim. Vet. Sci. 
4, 209-214.

Singer, R.S., Hofacre, C.L., 2006. Potential impacts of antibiotic use in poultry production. Avian 
Dis. 50, 161-172.

Souza, V.V.M.A., Almeida, J.M., Barbosa, L.N., Silva, N.C.C., 2022. Citral, carvacrol, eugenol and 
thymol: antimicrobial activity and its application in food. J. Essential Oil Res. 34, 181-194.

Suleiman, A., Zaria, L.T., Grema, H.A., Ahmadu, P., 2013. Antimicrobial resistant coagulase positive 
Staphylococcus aureus from chickens in Maiduguri, Nigeria. Sokoto J. Vet. Sci. 11, 51-55.

Tahir, A., Khan, M.A., Bibi, K., Bibi, S., Rauf, F., Ayaz, F., 2021. Prevalence of colibacillosis in young 
broiler chicks and antibiogram of Escherichia coli in different areas of Hazara Region. Ad-
vancements in Life Sci. 8, 238-240.

Tenaillon, O., Skurnik, D., Picard, B., Denamur, E., 2010. The population genetics of commensal 
Escherichia coli. Nature reviews microbiology 8, 207-217.

Tigabie, M., Biset, S., Belachew, T., Amare, A., Moges, F., 2023. Multidrug-resistant and extend-
ed-spectrum beta-lactamase-producing Enterobacteriaceae isolated from chicken droppings 
in poultry farms at Gondar City, Northwest Ethiopia. PLoS One. 18, e0287043.‏

Vandekerchove, D., De Herdt, P., Laevens, H., Pasmans, F., 2004. Risk factors associated with coli-
bacillosis outbreaks in caged layer flocks. Avian Pathol. 33, 337-342.

Varga, C., Brash, M.L., Slavic, D., Boerlin, P., Ouckama, R., Weis, A., Petrik, M., Philippe, C., Barham, 
M., Guerin, M.T., 2018. Evaluating virulence-associated genes and antimicrobial resistance 
of avian pathogenic Escherichia coli isolates from broiler and broiler breeder chickens in 
Ontario, Canada. Avian Dis. 62, 291-299.

Wooley, R.E., Gibbs, P.S., Brown, T.P., Maurer, J.J., 2000. Chicken embryo lethality assay for deter-
mining the virulence of avian Escherichia coli isolates. Avian Dis. 44, 318-324.

Yaguchi, K., Ogitani, T., Osawa, R., Kawano, M., Kokumai, N., Kaneshige, T., Noro, T., Masubuchi, K.  
Shimizu, Y., 2007.  Virulence Factors of Avian Pathogenic Escherichia coli Strains Isolated from 
Chickens with Colisepticemia in Japan. Avian Dis. 51, 656-662.

Yahya,  M., Hammadi, K., Faiza, F.F., 2021. The antibiotic resistance study of Enterobacteriaceae 
Yersiniaceae and Morganellaceae bacteria isolated from broilers (outside veterinary control) 
in western Algeria. Europ.  J. Biological Res. 11, 217-233.

Younis, G., Awad, A., Mohamed, N., 2017. Phenotypic and genotypic characterization of antimi-
crobial susceptibility of avian pathogenic Escherichia coli isolated from broiler chickens. Vet. 
World 10, 1167-1172.

Zych, S., Adaszyńska-Skwirzyńska, M., Szewczuk, M.A., Szczerbińska, D., 2024. Interaction between 
Enrofloxacin and three essential oils (cinnamon bark, clove bud and lavender flower)—A 
study on multidrug-resistant Escherichia coli strains isolated from 1-day-old broiler chickens. 
Int. J. Mol. Sci. 25, 5220.

W.H. Hassan et al. /Journal of Advanced Veterinary Research (2026) Volume 16, Issue 3, 370-375

375


