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Abstract

Colibacillosis is a highly prevalent bacterial disease in poultry, resulting in the widespread use of antibiotics for both
curative and preventive purposes. Consequently, avian pathogenic Escherichia coli (APEC) continues to act as a
reservoir for antibiotic resistance genes, including the mcr-1 gene, which codes for resistance to colistin, a crucial
antibiotic in human medicine. The aim of this study was to evaluate the antibiotic resistance pattern of APEC and to
investigate the genotyping, phylogrouping, and virulence of mcr-1-positive isolates. A total of 113 APEC were isolated,
of which 92% were multidrug resistant (MDR). The mcr-1 gene was detected in 41 isolates originating from turkeys
and broilers. Two isolates carried blaTEM, one of which also harboured blaCTX-M encoding beta-lactamases. The
Clermont phylogrouping revealed that 76% of the isolates belonged to phylogroup B1. Concerning the detection of the
virulence-associated genes, 88% of isolates carried at least 3 genes. The ERIC-PCR classified our isolates into 6
different clusters. Our study highlights the emergence of colistin resistance and MDR, which pose a real threat to
poultry production and public health. Control of antibiotic use in the poultry sector is urgent and mandatory.
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Introduction
Avian colibacillosis is a major infectious disease affecting poultry. It is caused by avian pathogenic Escherichia coli
(APEC), which is capable of inducing systemic infections in chickens and turkeys. Avian colibacillosis is associated
with high mortality and morbidity rates, leading to a reduction in the productive performance and dramatically affecting
the global poultry industry (Dho-Moulin and Fairbrother, 1999; Mellata, 2013; Guabiraba and Schouler, 2015).

APEC can cause primary and secondary infections. Primary colibacillosis is manifested in outbreaks characterised by
sudden and high mortality in several flocks that have an epidemiological link (Kathayat et al., 2018, 2021). However,
secondary infection presents limited outbreaks and is mostly conditioned by the presence of predisposing factors such
as viral infections and impaired biosecurity measures (Monroy et al., 2025; Vougat Ngom et al., 2025). Molecular
typing of APEC isolates showed differences between APEC implicated in each type of infection. In primary infections,
one clonal lineage is detected in the majority of animals and flocks. However, in secondary infection, APEC reveal
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heterogeneous backgrounds even within the same flock (Mageiros et al., 2021; Kromann et al., 2022; Biström et al.,
2025).

The genetic complexity and heterogeneity of APEC imply that no particular phylogroup is implicated in colibacillosis
(Mehat et al., 2021). Some studies have reported the predominance of phylogroup B2 and related lineages (Zhu et al.,
2021; Johnson et al., 2022), while others have found predominantly APEC from phylogroups A and B1(Ghanbarpour
et al., 2011; Zhu Ge et al., 2014; Rezatofighi et al., 2021; Jalil et al., 2023; Jhandai et al., 2024; Boulbair et al., 2025),
indicating that colibacillosis is multifactorial and not restricted to a distinct lineage of E. coli (Puterflam et al., 2022). In
addition, the repertoire of expressed virulence-encoding genes, such as iron uptake systems, serum survival, and
toxins (Amer et al., 2020), makes some APEC lineages more virulent than others (Schouler et al., 2012; van der
Westhuizen and Bragg, 2012; Mbanga and Nyararai, 2015).

The epidemiology and management of APEC are further complicated by the widespread occurence of antimicrobial
resistance (AMR). For example, APEC is the most significant reservoir for the plasmid-mediated colistin resistance
(mcr) genes (Lima Barbieri et al., 2017). This is a cause for concern, given that colistin is considered a last-resort
treatment for multidrug resistant (MDR) Gram-negative bacterial infections in humans (Poirel et al., 2018; Valiakos and
Kapna, 2021). Among the mcr variants, the mcr-1 gene remains the most prevalent worldwide in poultry (Badr et al.,
2022).

In Algeria, where chicken meat is the main source of animal protein, various studies have been carried out on
antibiotic resistance in APEC (Hammoudi and Aggad, 2006; Halfaoui et al., 2017; Meguenni et al., 2019; Lounis et al.,
2020; Aberkane et al., 2023). However, studies on colistin resistance and the emergence of the mcr-1 gene in APEC
strains are limited (Halfaoui et al., 2024).

Given the global concern over APEC zoonotic risks, the spread of the mcr-1 gene in poultry, and the lack of data from
Algeria, further investigation is needed. Understanding the phylogenetic distribution, virulence profiles, and
antimicrobial resistance patterns of mcr-1 carrying APEC isolates is essential to assess risks related to poultry
production and potential public health implications.

Hence, this study was undertaken to characterize APEC isolates from Algerian poultry farms, with a particular focus
on the detection and characterization of mcr-1 positive isolates, their phylogenetic background, and their antimicrobial
resistance profiles.

Materials and methods

Study setting
From June 2023 to March 2024, 46 farms were sampled in different provinces of Algeria: Algiers, Boumerdes, Bouira,
Tizi Ouzou, Blida, Medea, Ain Defla, Batna, and M’Sila (Figure 1). The farms included between 2,000 and 50,000
broilers, 26,000 to 30,000 layers, and 4,000 turkeys, aged between 4 days and 43 weeks. Various lines of poultry
have been sampled, including Cobb 500 (n = 92) and Efficiency (n = 52) for broilers, Isabrown (n = 10) for layers, and
BIG (n = 10) for turkeys.

The poultry were generally treated with antibiotics, the most reported ones being amoxicillin, colistin, erythromycin,
doxycycline, tylosine, lincomycin, spectinomycin, norfloxacin, and erythromycin. Some farms use anticoccidials and
vitamins such as vitamin C, K3, and sorbitol. Most farms were vaccinated against avian influenza virus (AIV),
Newcastle disease virus (NDV), and infectious bronchitis virus (IBV). In addition, some farms were vaccinated against
infectious bursal disease virus (IBDV) and Marek’s disease.
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Figure  1. The map of Algeria showing the different provinces of sample collection (cartography created using ArcGIS10.2).

Sample collection and preparation
Samples were collected from poultry showing symptoms associated with colibacillosis, such as diarrhoea,
inappetence, rales, snoring, and weakness. The number of animals collected from each farm, including freshly dead
and euthanized moribund poultry, varied from farm to farm and ranged from 5 to 10 subjects. 

A total of 250 organs were collected. Among them, 155 showed several lesions associated with colibacillosis
(pericarditis, perihepatitis, airsacculitis, tracheitis, splenitis, and hepatic hypertrophy) (Figure 2). These organs
originated from 144 broilers, 10 layers, and 10 turkeys, and included lungs (n = 39), livers (n = 38), hearts (n = 36),
spleens (n = 21), air sacs (n = 14), tracheas (n = 6), and yolk sacs (n = 1). The samples were transported in Brain
Heart Infusion Broth (BHIB) supplemented with glycerol (30%) and stored at -20°C until analysis. 
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Figure  2. Organs showing lesions due to colibacillosis. (a) pericarditis; (b) hepatic hypertrophy; (c) airsacculitis; (d) tracheitis; and (e) spleen
inflammation.

APEC isolation
Collected samples were streaked onto the surface, cut into small pieces, and incubated in BHIB at 37°C for 18-24 h.
The cultures were then plated onto Hektoen, Eosin Methylene Blue (EMB), and CHROMagar™ Orientation. After
incubation at 37°C for 24 h, colonies showing an orange or salmon colour on Hektoen, a metallic green sheen on
EMB, and a pink colour on CHROMagar™ Orientation medium were presumptively identified as APEC isolates. Initial
characterisation of APEC was based on clinical diagnosis of infected poultry, and these presumptive isolates were
subsequently subjected to Gram staining and biochemical tests (catalase, triple sugar iron, urea, indole, and
tryptophan deaminase). These tests were complemented by identification using the API 20E system, for some isolates
showing atypical profiles.

Antimicrobial susceptibility testing (AST)
The disc diffusion method was performed according to the Clinical and Laboratory Standards Institute guidelines
(CLSI, 2018). For this purpose, 11 antibiotics belonging to 8 different families, were tested: ampicillin (AMP) 10 µg,
amoxicillin-clavulanic acid (AMC) 20/10 µg, cefotaxime (CTX) 30 µg, tetracycline (TET) 30 µg, flumequine (UB/FLM)
30 μg, enrofloxacin (ENR) 5 μg, trimethoprim-sulfamethoxazole (SXT) 25/23.75 µg, neomycin (NEO) 30 µg,
gentamicin (GEN) 10 µg, nitrofurantoin (F) 300 µg, and chloramphenicol (CHL) 30 µg. E. coli ATCC 25922 was used
as a quality control. Isolates that were resistant to at least 3 antibiotic families were considered MDR (Basak et al.,
2016). Extended-spectrum beta-lactamase (ESBL) production was detected using the double-disc synergy test
(DDST) (Badr et al., 2022).

The broth microdilution method was employed to determine the MIC for colistin, using successive twofold dilutions
from 16 to 0.03 µg/mL (CLSI, 2012). Colistin resistance was considered when the MIC was > 2 µg/mL (EUCAST,
2022). The E. coli ATCC 25922 strain was used for quality control.

4

How to cite: Djouzi et al. Phylogrouping and genotyping of mcr-1 postives avian pathogenic Escherichia coli isolates in Algerian poultry farms. Veterinaria Italiana, Vol.
62 No. 2 (2026) DOI: 10.12834/VetIt.3929.40804.3



Biofilm formation assay
Biofilm production was assessed using Congo red agar (CRA) and crystal violet staining (CVS). The CRA test is a
qualitative method to evaluate the ability of the isolates to produce biofilm. CVS is a quantitative method used to
measure the level of biofilm production.

In the CRA method, the isolates were streaked onto CRA medium, and incubated at 37°C for 24 h. Biofilm production
was determined based on the phenotypic characteristics of the colonies. Colonies that appeared black were
considered to be biofilm producers. However, red colonies indicated no biofilm production (Osman et al., 2012).

In the CVS method, 20 µL of bacterial suspension of 109CFU/mL were added to 180 µL of BHIB, and dispensed into
96-well plates, then incubated at 28°C for 24 h. Negative control wells consisted of 180 µL of BHIB without
inoculation. The bacterial culture was removed and then washed twice with saline water before it was fixed using 200
µL of methanol for 15 min. The methanol was then removed and the microplate was left to dry on air for 30 min before
being stained with 0.2% crystal violet for 5 min. The microplate was then washed using sterile water. Next, 160 µL of
glacial acetic acid was added and the plate was read at 550 nm using an ELISA reader (BioTek). The cut-off value
was determined by calculating the average optical density (ODc) of the negative control from three independent
replicates, and then used to classify each isolate. Four categories of biofilm formation were identified: strong (OD > 4 ×
ODc), moderate (4 × ODc > OD > 2 × ODc), weak (2 × ODc > OD), and non-forming (ODc > OD) (Sivaranjani et al.,
2022).

Haemolytic activity
Haemolytic activity was determined using a spot test on 5% fresh blood agar. The presence of a transparent halo
indicated total haemolysis (β-haemolysis). A greenish halo indicates partial haemolysis (α-haemolysis), while the
absence of a halo indicated no haemolytic isolates (γ-haemolysis). The haemolyticstrain Staphylococcus aureus
ATCC 6538 was used as a positive control (Saha et al., 2020).

Detection of ESBL genes
The boiling method was performed for DNA extraction as described previously by Zhu et al. (2021). The extracted
DNA was analysed using a spectrophotometer (NanoDrop 8000, Thermo Scientific), and stored at -20°C until use.

The presence of CTX-M type extended spectrum beta-lactamases genes (blaCTX-M) and extended spectrum beta-
lactamases genes (blaTEM) was investigated in DDST-positive isolates by PCR, as described previously by Bougouizi
et al. (2024) (Table I).
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Table  I. Primers and conditions of PCR amplification of investigated genes and ERIC-PCR.
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Screening of mcr-1 genes
All isolates were subjected to mcr-1 detection as described previously by Rebelo et al. (2018) (Table I). mcr-1 positive
isolates were analysed for genotyping, phylogrouping, and virulence genes.

Enterobacterial Repetitive Intergenic Consensus Polymerase Chain
Reaction (ERIC-PCR)
The genetic similarity between isolates was investigated using ERIC-PCR. The reaction was performed as described
by Decré et al. (2004) (Table I).

Electrophoresis was performed on a 1.8% agarose gel stained with SYBR™ Safe DNA Gel Stain (Invitrogen, Spain),
at 100 V for 3 h (Kiersten et al., 2003). The results were read using a UV transilluminator (Gel Doc XR+ Gel
Documentation System, Bio-Rad, USA/Thermo Fisher Scientific).

Fingerprinting band analysis and phylogenetic tree construction was performed using GelJ v2.3 software based on
unweighted pair group method with arithmetic mean (UPGMA) analysis.

Phylogrouping
Phylogrouping was performed using quadriplex PCR to detect arpA,chuA,yjaA, trpA and TspE4.C2 (Clermont et al.,
2012) in order to classify the isolates to one of eight phylogroups (A, B1, B2, C, D, E, F, or I). The primers used and
PCR conditions are provided in Table I.

Detection of virulence-associated genes (VAGs) by PCR
Five plasmid-carried VAGs: haemolysin F (hylF), siderophore receptor (iroN), ferric aerobactin receptor (iutA),
increased serum survival (iss), and outer membrane protease (ompT), were screened in mcr-1 positive isolates using
PCR (Table I). These genes are frequently identified in APEC strains and have been suggested as predictors for
distinguishing APEC from non-pathogenic E. coli (Johnson et al., 2008).The presence of the iss, ompT, hylF, and iroN
genes was investigated according to the method described by Johnson et al. (2006). Detection of iutA was performed
as described by Johnson and Stell (2000).  

Results

APEC isolates
Of the 155 organs analysed, 113 isolates were recovered and distributed as follows: 108 from 62 broilers, 2 from 1
layer, and 3 from 1 turkey. The frequency of isolation varied depending on the organ, as follows: 76.92% (n = 30/39)
from the lungs, 72.2% (n = 26/36) from the heart, 63.2% (n = 24/38) from the liver, 80.95% (n = 17/21) from the
spleen, 71.4% (n = 10/14) from the air sac, and 100% (n = 6/6) from the trachea.

Antimicrobial susceptibility
Our isolates showed high resistance to AMP, 93% (n = 105/113) and TET, 89% (n = 101/113), followed by ENR, 75%
(n = 85/113), UB/FLM, 73% (n = 82/113), and SXT, 71% (n = 80/113). Average resistance was observed to NEO,
51% (n = 58/113) and CHL, 42% (n = 47/113) and low resistance to AMC, 12% (n = 3/113). Most isolates were
sensitive to CTX, GEN, and FUR, at 98% (n = 2/113), 95% (n = 5/113), and 92% (n = 5/113), respectively (Figure 3).
In addition, 3.5% (n = 4/113) of the isolates were positive for DDST and were presumptive ESBL producers.

Most of the isolates 95% (n = 107/113) were resistant to at least three classes of antibiotics and were therefore
considered MDR. The dominant profile of MDR isolates was AMP, NEO, SXT, UB/FLM, ENR, and TET.
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Figure  3. Antibiotic resistance profile of the APEC isolates. AMP, ampicillin; AMC, amoxicillin-clavulanic acid; CTX, cefotaxime; NEO, neomycin;
GEN, gentamicin; SXT, trimethoprim-sulfamethoxazole; UB/FLM, flumequine; ENR, enrofloxacin; TET, tetracycline; FUR, nitrofurantoin; CHL,
chloramphenicol.

Biofilm formation and haemolysis activity
The CRA test showed that 83% (n = 94/113) of the isolates had the capacity to form biofilm (Figure 4). However, CVS
revealed that 91% (n = 103/113) of the isolates produced biofilm, while 9% (n = 10/113) did not reveal biofilm
formation. Among CVS positive isolates, 55% (n = 56/103) were strong biofilm formers, 23% (n = 24/103) were
moderate formers, and 22% (n = 23/103) were weak formers.

Regarding haemolytic activity, 96% (n = 109/113) of the isolates were non-haemolytic (γ-haemolytic), and only 4% (n
= 4/113) showed partial red blood cell degradation (α-haemolytic). 

Figure  4. APEC aspect on CRA medium. (a) black colonies, biofilm-producing isolates; (b) red colonies, no biofilm-producing isolates.

Detection of ESBL genes
Among the 4 isolates exhibiting an ESBL phenotype (DDST positive), the blaTEM gene was detected in all isolates. As

sequencing was not performed, the TEM variants could not be confirmed. One isolate also carried the blaCTX-M gene.
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Screening of the mcr-1 gene
The mcr-1 gene was observed in 41 isolates (36%), including 40 isolates from broilers and 1 from turkeys. All mcr-1
positive isolates were MDR (Table II). Among the mcr-1 positive isolates, two from broilers were beta lactamase
producers, one carried blaTEM, while the other harboured both the blaTEM and blaCTX-M genes.

The 41 isolates carrying the mcr-1 gene were tested for their colistin MIC. The results revealed that 80% of isolates
were resistant, with an MIC of 4 g/mL for 70% (n = 23/41), and 8 g/mL for 30% (n = 10/41). However, 20% (n = 8/41)
of isolates were sensitive to colistin, with a MIC of 0.03 g/mL (12%; n = 1/8), 0.25 g/mL (25%; n = 2/8), 0.5 g/mL (12%;
n = 1/8), 1 g/mL (39%; n = 3/8), and 2g/mL for (12%; n = 1/8) (Table II).

Phylogrouping
Phylogrouping classified the 41 mcr-1 positive isolates into 5 phylogroups (Table II): phylogroup A (arpA +, chuA -,
yjaA-, TSPE4.C2-), phylogroup B1 (arpA+, chuA-, yjaA-, TSPE4.C2+), phylogroup F (arpA-, chuA+, yjaA-,
TSPE4.C2-), phylogroup C (arpA+, chuA-, yjaA+, TSPE4.C2-), and phylogroup E (arpA+, chuA+, yjaA-, TSPE4.C2-).
The most common phylogroup was phylogroup B1 (76%; n = 31/41), followed by phylogroup C (13%; n = 5/41),
phylogroup E (5%; n = 2/41), and phylogroups A and F (2%; n = 1/41 each) (Figure 5). In addition, one isolate had an
unknown phylogroup.

Figure  5. Representative quadriplex PCR results for the Clermont phylogrouping, arrows indicate the four Clermont markers, arpA (400 bp), chuA
(288 bp), yjaA (211 bp), TspE4.C2 (152 bp). The trpA (489 bp) represent the internal control. Patterns of presence (+) and absence (-) correspond
to phylogroups. M, molecular weight marker (100 bp DNA Ladder); C+, positive control of group B2 (-+++); isolates S104, S109, S40, S52, S56,
S66 and S48, group B1 ( +--+); isolate S41, unknwon (+-++); isolate S42, group F (-+--), isolates S83, S128 and S26, group C ( +-+-).

Distribution of VAGs in mcr-1 positive isolates
Of the five VAGs detected in this study, hylF was the most prevalent among the mcr-1 positive isolates (95%; n =
39/41), followed by iutA (90%; n = 37/41), iroN (83%; n = 34/41), iss (59%; n = 24/41), and ompT (5%; n = 4/41).
Overall, 88% (n = 39/41) of the isolates carried at least 3 VAGs. It should be noted that 51% (n = 24/41) of the
isolatescarried 4 VAGs, 37% (n = 15/41) carried 3 genes, 10% (n = 4/41) carried 2 genes, and 2% (n = 1/41) carried
only onegene (ompT).

The detection of VAGs revealed 10 genomic virulence profiles (P1-P10), reflecting the diversity of virulence traits.
Indeed, 47% (n = 19/41) of the isolates carried profile P2, followed by 28% (n = 11/41) carrying profile P1. In contrast,
5% (n = 2/41) of isolates carried profiles P3, P5, and P9, while 2% (n = 1/41) carried profiles P4, P6, P7, P8, and P10
(Table III).
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Table  III. Virulence profile of the 41 mcr-1 positive isolates.

Genotyping
The ERIC-PCR genotyping analysis grouped the mcr-1 positive isolates into 6 clusters (Figure 6). Cluster V was the
predominant cluster, representing 70% of the isolates (n = 29/41), with most isolates belonging to phylogroup B1 and
displaying diverse virulence profiles, predominantly P6 and P9. Cluster IV included 2 isolates belonging to phylogroup
B1, and exhibiting the highest MDR pattern, with resistance to 7 antibiotic families. The remaining clusters (I, II, III,
and VI) mainly comprised phylogroup B1 isolates, with a few isolates from phylogroups C (Cluster III) and F (Cluster
VI). Overall, isolates within the same cluster showed highly similar antibiotic resistance profiles.
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Figure  6. Phylogenetic tree constructed from of ERIC-PCR profiles using UPGMA method through Gel J v2-3 software.
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Discussion
Colibacillosis, caused mainly by APEC, is a significant poultry disease associated with high mortality rates and
considerable economic losses worldwide (Nawaz et al., 2024). APEC infections are treated with various antibiotics,
including colistin for both prophylactic and curative purposes (Anyanwu et al., 2020; Jansen et al., 2022; Ahmed and
Daw, 2023). However, the widespread use of colistin in veterinary medicine has led to the emergence of colistin
resistance (Anyanwu et al., 2024; Osisiogu et al., 2025; Saeed et al., 2025). This makes animals, including poultry,
natural reservoirs of resistance to this antibiotic. From a One Health perspective, this poses a real threat to public
health due to the transmission of resistance genes through the food chain (Dziri et al., 2021). The aim of this study was
to investigate the patterns of antibiotic resistance among APEC in Algeria, with special emphasis on colistin-resistance
APEC.

In our study, most of the isolates collected from different Algerian provinces were MDR (95%). Similar rates have been
reported in previous studies on APEC isolated from poultry and turkeys in Algeria (Halfaoui et al., 2017; Halfaoui et al.,
2024; Chenouf et al., 2025). It was also reported in other countries, such as Tunisia (88%) (Thabet et al., 2022), Spain
(99%) (Monroy et al., 2025), and Bangladesh (100%) (Saha et al., 2020). These results can be attributed to the
widespread and unregulated use of antibiotics in poultry and the misuse of antibiotics resulting from farmers
selfmedication practices (Hackman et al., 2025).

Biofilm is a crucial factor in enhancing the survival and persistence of APEC in the environment and at sites of
infection (Milanov et al., 2015). It acts as a physical barrier that protects the bacteria against antimicrobials and the
immune system, which makes prevention, control, and treatment more difficult (Skyberg et al., 2007; Sivaranjani et al.,
2022).

Our study demonstrated the significant ability of APEC to form biofilms. Indeed, biofilm formation was detected in 91%
of isolates using the CVS test, with 55% classified as strong biofilm forming isolates. Several studies have described
biofilm production in APEC isolates, reporting variable rates ranging from low to high production (Rodrigues et al.,
2019; Ugwu et al., 2020; Dhaouadi et al., 2023; Dančová et al., 2024).

In our study, a low rate of haemolytic isolates was observed (4%). This is consistent with the findings of Shankar et al.
(2010), who also found a low rate of haemolytic isolates (1.5%). However, other studies, such as those conducted by
Ugwu et al. (2020) and Al-Saiedi and Al-Mayah (2014), reported higher rates of 19% and 37%, respectively.

The high rate of biofilm formation and low rate of haemolysis observed in our isolates may be attributed to their origin,
as they were obtained from organs rather than blood. This ability to adhere to and invade various organs contributes to
their pathogenicity and virulence (Ugwu et al., 2020).

In Algeria, colistin resistance has been poorly documented in the poultry sector, with a few studies addressing this
issue in broilers suspected or not of colibacillosis. In our study, we performed a preliminary screening for the mcr-1
gene by PCR and then we determined the MIC for colistin. This approach is explained by the fact that mcr-1 gene is
the main indicator of colistin resistance in poultry (Poirel et al., 2017).

Our results revealed the presence of the mcr-1 gene in 41 isolates; of these, 20% were sensitive to colistin. Although
the mcr-1 gene is the primary indicator of colistin resistance in poultry (Poirel et al., 2017), its expression can be
unpredictable. This can result in low phenotypic resistance that falls below the defined critical resistance thresholds
(Smelikova et al., 2022). In addition, mutations in this gene could result in its inactivation (Terveer et al., 2017; Peng et
al., 2021). Previous studies have also reported colistin sensitivity in E. coli isolates carrying the mcr-1 gene (Terveer et
al., 2017; Peng et al., 2021; Jalil et al., 2023).

The main source of mcr-1 positive isolates was broilers, with one originating from turkeys. In Algeria, several studies
have reported the presence of the mcr-1 gene in poultry isolates, including those from chickens suspected of
colibacillosis, as well as from chicken meat, faeces, and healthy chickens (Chaalal et al., 2021; Halfaoui et al., 2024;
Akkari et al., 2026). However, our study is the first to report the presence of the mcr-1 gene in APEC isolates from
turkeys. Similar findings have been reported in Italy (Alba et al., 2018), Serbia (Mišić et al., 2021), and recently in the
Gaza Strip (Palestine) (Thabet et al., 2023). The mcr-1 gene has been reported in E. coli isolates from various
sources in Algeria, including farmland, aquatic environments, humans, animals, and vegetables (Berrazeg et al., 2016;
Bachiri et al., 2018; Drali et al., 2018; Nabti et al., 2019; Touati et al., 2020; Chelaghma et al., 2022; Cherak et al.,
2022; Boukli-Hacene et al., 2024). Several studies worldwide have also reported the widespread distribution of mcr-1
in isolates of different origins (Igwaran et al., 2018; Saidani et al., 2019; Ngbede et al., 2020; Cordeiro-Moura et al.,
2022; Srisrattakarn et al., 2025; Wang et al., 2025). This wide distribution of mcr-1 explains its role in the global
spread of colistin resistance and underlines the importance of the One Health concept, which recognises the close
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connection between humans, animals, and environments in the spread of antibiotic resistance.

Interestingly, we report for the first time in Algeria, the co-existence of the mcr-1 and bla genes (blaCTX-M and blaTEM),
in two isolates. The same observation has also been reported in France, Argentina, and Tunisia (Haenni et al., 2016;
Dominguez et al., 2018; Dhaouadi et al., 2020). The co-occurrence of mcr-1 and bla genes is worrying, as it implies
simultaneous co-selective pressure exerted by one of the two antibiotics (Wu et al., 2018).

Phylogenetic grouping revealed that most of the mcr-1 positive isolates (76%) belonged to phylogroup B1. The
remaining isolates belonged to phylogroups C, E, A, and F, with one isolate having an unknown phylogroup. Our
results were similar to those recently obtained by Boulbair et al. (2025), who also found that most Algerian APEC
isolates (43.87%) belonged to phylogroup B1. Another Algerian study showed that phylogroup D was the most
common in Algerian poultry farms (Chenouf et al., 2025).

While the B1 phylogroup is typically associated with commensal strains, the presence of the mcr-1 gene in these
isolates poses a significant risk of colistin resistance spreading to other intestinal bacteria. This observation suggests
the uncontrolled and frequent use of colistin in poultry, which potentially contributes to the emergence and spread of
resistance to this critical antibiotic. Similar findings have been reported in studies of mcr-1 positive E. coli,
predominantly belonging to the B1 phylogroup, in other countries, including Pakistan (Jalil et al., 2023), the Czech
Republic (Kubelová et al., 2021), and Jordan (Gharaibeh et al., 2024). The predominance of phylogroup B1 which is
considered commensal, may suggest that colibacillosis could result from secondary or superinfection caused by
opportunistic strains. According to Ovi et al. (2023) distinguishing between APEC and commensal E. coli based only
on phylogroup is confusing. To overcome this problem, research into virulence genes is recommended.

Analysis of virulence genes revealed predominance of hylF (95%), iutA (90%), and iroN (83%), followed by iss(59%)
gene. However, only 10% of the isolates carried the ompT gene. Our findings were similar to those of Fancher et al.
(2021), who also observed a higher occurrence of both the hylF and genes at rates of 94.3% and 90.8%, respectively.
Mohamed et al. (2018), also found a high prevalence of the iutA (90.6%) and hylF (82.6%) genes in APEC isolates, in
addition to a higher prevalence of the iss gene (85.9%) than was observed in our isolates. However, concerning the
ompT gene, which was rarely encountered among our isolates (10%), other studies have reported higher rates of this
gene in APEC isolates, ranging from 55% to 87% (Mohamed et al., 2018; Fancher et al., 2021; Halfaoui et al., 2024;
Uddin et al., 2025).

The variations in the prevalence of virulence genes can be affected by several factors, such as fluctuations in
environmental temperature, humidity, and housing conditions (Fancher et al., 2021). The high prevalence of thehylF,
iutA, and iroN genes, which are involved in iron uptake, is considered to be characteristic of APEC, this explains their
critical role in colibacillosis and the subsequent lesions observed in poultry (Johnson et al., 2008). The iss gene, which
encodes serum resistance and protection against complement activation, could contribute to the increased virulence
of APEC (Lounis et al., 2020).

In our study, 88% of the isolates had at least 3 VAGs. APEC strains are generally defined as isolates harbouring at
least three of these genes (Johnson et al., 2008; Amer et al., 2020). However, it is important to emphasise that the
presence of these genes alone is not enough to definitively classify an isolate as APEC. Pathogenicity is multifactorial
and depends on a combination of genes and clinical context (Johnson et al., 2008; Schouler et al., 2012; Mellata,
2013).

In Algeria, few studies have investigated the clonality of APEC isolates (Meguenni et al., 2015). In the present study,
ERIC-PCR was carried out to evaluate the clonal relatedness of our isolates. This method has been used previously in
several studies on APEC isolates from different countries (Saha et al., 2020; Kimura et al., 2021; Rezatofighi et al.,
2021; Jalil et al., 2023). The 41 mcr-1 positive isolates were classified into 6 clusters, using a threshold value of 70%
similarity (Rezatofighi et al., 2021). However, previous studies using the same technique have found more clusters, as
reported by Rezatofighi et al. (2021),who reported 15 different clusters with the same similarity index (70%), and Jalil
et al. (2023), who classified 147 APEC isolates into 40 clusters with an 80% similarity index.

The low diversity of our isolates likely reflects their common origin. In contrast, although ERIC-PCR targets highly
conserved sequences within Enterobacteriaceae (Hulton et al., 1991), its resolution for differentiating strains of the
same species is limited (Casarez et al., 2007). Other methods, such as whole genome sequencing, provide higher
resolution for typing bacterial isolates (Fratamico et al., 2016).
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Conclusion
This study confirms the high rate and widespread dissemination of colistin resistance, encoded by the mcr-1 gene,
among APEC isolated from poultry farms across different provinces in central and eastern Algeria. The mcr-1 gene
was found in chickens, and interestingly, for the first time on Algerian turkey farms. It is important to note the co-
presence of the mcr-1 gene and ESBL genes in some isolates. This combination poses a significant threat to public
health, given the importance of colistin and beta-lactam antibiotics in human and veterinary medicine. Within the
framework of the One Health concept, urgent measures are needed to control the widespread dissemination of APEC
on Algerian poultry farms in order to preserve human and animal health.
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