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Abstract | Colistin is considered the lastly used antimicrobial drug for the treatment of many infections. As the ex-
tensive use of colistin, resistance has been increasing rapidly, thus, 200 different chicken samples were examined for 
isolation of E. coli and for colistin resistance gene. Eighty-three selected samples (chicken breast) were subjected to 
detection of colistin residues by HPLC (High-performance liquid chromatography). In this research, we used poly-
merase chain reaction (PCR) for the detection of the mcr-1 gene, and phylogeny was performed on three isolates to 
detect mcr-1 gene mutations and relationships. The percentage of isolated E. coli was 25.5%. All isolates showed resis-
tance to colistin in disc-diffusion assay, while in MIC (minimum inhibitory concentration) method 68.8% exhibited 
resistance. Colistin was recorded as 33.7% in chicken breast by HPLC. Furthermore, mcr-1gene was detected 54% 
using PCR. Sanger sequencing revealed the same identity (100%) between the three examined strains despite coming 
from different sources. It could be concluded that the practices inside poultry farms might be a possible source of 
spread of antimicrobial resistance to the food chain in Egypt.
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Introduction

Antimicrobial resistance is reported as a large problem 
in animal and human health worldwide. The exten-

sive use of antibiotics in poultry has led to the develop-
ment of resistance against many types of antibiotics, even 
to the last alternative of drugs like colistin (Dawadi et al., 
2021). Colibacillosis is a disease caused by different strains 
of pathogenic E. coli strains named Avian Pathogenic E. 
coli (APEC) which causes two forms of the disease: acute 
form, which is characterized by high mortality, and sep-
ticemic picture. While, subacute or localized being caused 
inflammation in the internal organs in addition to, egg 

yolk peritonitis in layers (Nolan et al., 2020, Dawadi et al., 
2021). Also, the extended use of cephalosporin is leading 
to E. coli resistant strains that are transferred from food 
animals to humans causing a public health threat (Wang et 
al., 2021). As the global population is increasing, so there 
is significant pressure on poultry production. Furthermore, 
China is considered a major producer of poultry. The ani-
mals could also be a source of transmission of colistin-re-
sistant bacteria to humans. This privilege is very important 
to be known the likelihood of resistance to colistin in some 
diseased persons (Abiola et al., 2015). Mcr-1 genes are 
distributed widely between animals and transferred rap-
idly between Enterobacteriaceae (Wang et al., 2017). The 
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transformed therapeutic role is now theoretically suscep-
tible by a number of plasmid genes mcr-1, to mcr-5 that 
facilitate the resistance to colistin (Borowiak et al., 2017, 
Carattoli et al., 2017). In this work, we aimed to screen the 
incidence of E. coli APEC and try to seek the problem of 
colistin-resistant and its residual in chicken meat with a 
phylogenetic analysis of the mcr-1 gene.

Materials and Methods

Bacteriological investigation for detection 
of avian colibacillosis 
Two hundred samples of (liver, heart and lungs) were col-
lected from colibacillosis-infected broiler chickens suffer-
ing from omphalitis, coli-septicemic form, and pericarditis. 
The chicken organs were pooled altogether and then ex-
amined.

Isolation of the main causative agent of avian colibacillosis 
from infected chickens were carried out using the Ethyl-
ene Methylene Blue (EMB), and MacConkey agar media. 
The microbiological screening for 200 samples was done 
according to CLSI (2017) and Pasteran, et al. (2020).

Antimicrobial sensitivity testing 
Isolated APEC strains were tested against colistin by using 
two tests i.e., disc diffusion test and MIC (minimum in-
hibitory concentration) test. Disc diffusion was performed 
according to the Clinical and Laboratory standards in-
stitute (CLSI) (2017). MIC was performed according to 
Clinical and Laboratory standards institute (CLSI) and 
EMA/AMEG (EU cast) 2016.
MIC interpretation according to (CLSI) is: resistant (>2 
μg/ml) and sensitive (≤ 2 μg/ml), 
while in EU cast interpretation: (>4 μg/ml) is resistant and 
sensitive (≤ 4 μg/ml). 

Analytical methodology
Chemical reagents: Analytical standard of colistin sulfate 
was obtained from HEBEI Co. (China), while other rea-
gents viz., 9-fluorenylmethyl chloroformate (FMOC-Cl), 
trichloroacetic acid, sodium hydroxide, acetone, sodium 
hydrogen carbonate, boric acid, HPLC grade methanol, 
acetonitrile, and tetrahydrofuran was also purchased from 
same source. Ultrapure water was produced using a Mil-
li-Q system (Millipore, Bedford, MO, USA). The blank 
muscle employed for quality control (QC) was purchased 
from Animal Production Institute. 

Device and chromatographic parameters: The drug was 
analyzed by HPLC (Agilent 1200) by reversed-phase Ki-
netex® XB C18 column (4.6 mm i.d., 250 mm, 5 µm). All 
measurements were carried out at excitation and emission 
wavelengths of 260 nm and 315 nm, respectively, and the 

column temperature was 40 °C. The mobile phase com-
ponents (acetonitrile/ tetrahydrofuran/ water (50:14:20, 
v/v/v)) at 1.6 ml/min flow rate.

Standard and quality control samples preparation: Stock 
standard solution (1 mg/mL) was prepared in HPLC- wa-
ter. It was diluted to obtain the fortification solution at a 
concentration of 10 ppm that should be prepared fresh-
ly. The calibration curve was created by fortifying blank 
chicken muscle with various volumes of fortification solu-
tion to yield a concentration range of 50- 1000 ppb (part 
per billion) (calibration samples) and spike blank muscle to 
prepare quality control (QC) samples at a low level of 75 
ppb, moderate level 150 ppb and at a high level 300 ppb, 
then analyzed as mentioned below.

Sample preparation
The extraction of colistin from muscle samples and calibra-
tion samples was done as described by Hanai et al. (2018) 
using solid-phase extraction (SPE) followed by derivatiza-
tion using FMOC-Cl solution. 

Intra-lab validation of the HPLC- assay
This method was validated according to (USP 41-NF 36, 
2018). The validation parameters were determined using 
quality control samples (QC).

Molecular examination
DNA extraction: DNA extraction from samples was 
performed using the QIAamp DNA Mini kit (Qiagen, 
Germany, GmbH) according to manufacture instruc-
tions. The Primers used were obtained from Metabion 
(Germany) phoA gene forward (CGATTCTGGAAAT-
GGCAAAAG), reverse primer (CGTGATCAGCG-
GTGACTATGAC) the product was observed at 720 
bp according to Hu et al. (2011). The mcr-1 gene for-
ward (CGGTCAGTCCGTTTGTTC), reverse primer 
(CTTGGTCGGTCTGTAGGG), the reaction and cy-
cles for PCR was described by Newton-Foot et al. (2017). 
The reaction was performed in an Applied biosystem 2720 
thermal cycler.

Analysis of the amplified Products: The products of PCR 
were separated by electrophoresis on 1.5% agarose gel ac-
cording to Sambrook et al. (1989) (Applichem, Germany, 
GmbH). A gene ruler 100 bp ladder (Fermentas, Ger-
many) was used to determine the fragment sizes. The gel 
was photographed by a gel documentation system (Alpha 
Innotech, Biometra) and the data was analyzed through 
computer software (Automatic Image Capture Software 
(Protein Simple, formerly Cell Biosciences, San Jose, CA, 
USA).

Genetic and phylogenetic analyses: The PCR products 
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were purified by using a QIA-quick PCR Product extrac-
tion kit (Qiagen, Gmbh, Germany). The reactions were 
achieved using a Bigdye Terminator V3.1 cycle sequencing 
kit (Perkin-Elmer), and purification was performed using 
Centri-Sep spin columns (Thermo Fisher, Germany).  The 
Basic Local Alignment Search Tool (BLAST®) (Altschul 
et al., 1990) was used for determining the phylogenetic 
distances between the tested strains. The MegAlign mod-
ule of Lasergene DNA-Star version 12.1 was used to de-
termine phylogenetic distances among the analyzed strains 
(Thompson et al., 1994), and MEGA6 was used to create 
a phylogenetic tree (Tamura et al., 2013).

Results

Two hundred samples of diseased broiler chickens were ex-
amined for avian pathogenic E. coli APEC. Among these 
25.5% (51/200) birds were diagnosed as avian colibacillo-
sis as shown in Table (1). Total of 83 samples out of 200 
(33.7%) were positively selected by microbiological screen-
ing for HPLC examination. An antimicrobial sensitivity 
test was done with colistin sulfate. 100% of isolates were 
resistant to colistin sulfate, with disc diffusion test and it 
was 68.8% with MIC method. 

Table 1: Incidence of Avian Pathogenic E. coli  (APEC) in 
chickens.

No. of positive 
samples

% of positive 
samples

Lesion Age of 
chicken 
(day) 

19 19/51 
(37.2 %)

Omphilits 1

18 18/51 
(35.2%)

Colisepticemia 1 

14 14/51 
(27.4%)

Periheptitis – 
Pericarditis 

20-33

Total: 51 positive 
samples out of 
200

Intra lab validation of HPLC assay
Colistin sulfate standards at a range of 50-1000 ppb were 
prepared in blank chicken muscles with a correlation co-
efficient= 0.99968 as shown in Figure (1). The obtained 
chromatograms showed the specificity of the analytical 
method as there is no peak of the matrix that interferes 
with the intended peak as shown in Figure (2).

Colistin sulfate recovery from chicken muscle was ranged 
from 85% to 93%. The coefficient of variance (CV) of the 
intra- and inter-day precisions were 0.12 and 1.3%, respec-
tively. The pooled CV for robustness was not exceeding 
4.3%. The detection and quantification limits were 3.6 and 
10.8 ppb, respectively for 100 µL injection volume. 

Figure 1: Standard curve of Colistin sulfate in blank 
chicken muscle

Figure 2: Chromatograms showing 200 ppb of Colistin 
sulfate in water (A) and in blank muscle (B) at a retention 
time 2.16 min.

Results of colistin residues
The results presented in Table (2) showed that the inci-
dence of colistin sulfates residues in chicken muscles is 
33.7% (28 out of 83) for the total samples examined. The 
28 samples that contain colistin sulfate residues exceed 
the maximum residue limits (150 ppb) recommended by 
EMEA.

Table 2: Colistin sulfate concentrations (ppb) in chicken 
muscles (n= 200)

No. Mean ± SD Range MRL
Conc. in all 
samples

83 170.4± 164.7 35- 731 150

Conc. ≥ MRL 28 339.03± 190.7 155- 731
MRL: maximum residual limit; PPB: part per billion)

Results for PCR 
All the isolated strains were positive and confirmed by 
PCR test by examination of the phoA gene. The incidence 
of mcr-1 gene amongst the studied E. coli strains was 53%.
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Nucleotide sequencing results
Three randomly selected strains carrying mcr-1 gene were 
subjected to sequencing using Bigdye Terminator V3.1. 
The phylogenetic tree was created and analyzed for the 
examined strains by neighbor-joining, and maximum par-
simony. The examined strains were deposited under three 
accession numbers (OM362242 AZHM 8, OM362243 
AZHM 9, and OM362244 AZHM 17).

It was obvious that there was maximum identity (100%) 
between the three examined strains as shown in the iden-
tity percentage Figure (3) and also in the phylogenetic tree 
as shown in Figure (4).

Figure 3: The Genetic distance between the three E.coli 
strains carrying mcr-1 and randomly selected strains from 
Gene BANK

Figure 4: The phylogenetic tree between isolated E. coli 
strains carrying mcr-1 and other randomly selected strains 
from Gene BANK.

Discussion 

Colistin has been evaluated as a vital antimicrobial that 
is used extensively in human treatment due to its effec-
tiveness against multi-drug resistant bacteria of negative 
Gram (Apostolako and Piccirillo, 2018). Also, the distri-
bution of colistin-resistant bacteria carrying colistin re-

sistance genes is considered a warning for infection treat-
ments (Yamamoto et al., 2019). The high occurrence of the 
mcr-1 gene in Escherichia coli from meat (14.9%) and birds 
reached 28%, so it can be easily transmitted to man ( José 
et al., 2021). Our study recorded a percentage of 25.5% E. 
coli in diseased examined broiler chickens, and these isolat-
ed E. coli strains were described to have a high frequency 
of colistin resistance. It reaches 100% in the case of those 
tested with the disc diffusion test and 68.8% with the min-
imum inhibitory concentration method. The current results 
are well-matched to Ferreira et al. (2012), who studied data 
from animal products and isolated colibacillosis (19.8%) as 
the leading cause of condemnations of bird meat in 2010 
in South Brazil. Wang et al. (2021) reported about 563 iso-
lates of E. coli that were recovered from tissues and raw 
chicken meat samples in eastern China.

Numerous antibiotic classes are widely used in animals as 
growth promoters, including tetracyclines, fluoroquinolo-
nes, sulfonamides cephalosporins and beta-lactams, ( Jank 
et al., 2017). About 90% of antibiotics used as the sub-ther-
apeutic doses in poultry and animals production. However, 
our findings are nearly as high as those of Dawadi et al. 
(2021), who reported a high colistin resistance percent-
age of up to 30%, compared to another finding in Europe 
that reach (12.4%) as described by Kempf et al. (2013). In 
developing countries, the risk of residue is very high as a 
result of a lack of detection methods and monitoring that 
control the residue of the drug level in foods in the form 
of extreme residue limits (Kebede et al., 2014). Multiple 
researchers have proven that the existence of residual an-
tibiotics in farm animal foods is the main human health 
impact (Islam et al., 2020). 

In the present study, 83 samples were positively selected out 
of 200 to be analyzed by HPLC. The percentage of colistin 
was 33.7% (28 out of 83). There were different studies that 
mentioned the colistin residue. Thus, one of them shown 
by Thuat et al. (2002) who discussed the residues of anti-
biotics in animals, especially in chicken meat and pork. In 
addition, they reported that 26 different antibiotics were 
extremely used in pig and chicken production, from which 
colistin appeared as a residue by 13%. However, a closely 
matched study was conducted by Bristy et al. (2019), who 
found that colistin residue was 50% (18 out of 36) in broil-
er meat using Thin Layer Chromatography assay.

 The mcr-1 gene was mostly recovered from enterobacteria 
isolated from different sources like food animals, humans, 
and the environment in different countries all over the 
world (Poirel et al., 2017, Islam et al., 2020). Subsequent-
ly, more variants of the genes (mcr-1 to mcr-9) related to 
colistin resistance have been identified in family Entero-
bacteriaceae (Gharaibeh and Shatnawi, 2019). On exam-
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ination of mcr-1 gene, we reported a percentage of 53% 
presence of genes. This finding was consistent with that of 
Moawad et al. (2018), who confirmed and identified the 
presence of mcr-1 gene from E. coli isolates recovered from 
healthy broilers. Also, the presence of the mcr-1 gene was 
found to be very high amongst E. coli that isolated from 
diseased broiler which died from colibacillosis in Tunisia 
(Hassen et al., 2020). Hence, we are in contrast to that re-
corded by Yang et al. (2017) who found the mcr-1 gene was 
detected with a percentage of 5.11% (58/1136) of Escher‑
ichia coli isolates of chicken origin from different places in 
China. The occurrence of the colistin resistance mcr-1 gene 
with a percentage of 60% (6/10) in E. coli strains from the 
chicken was mentioned by Uddin et al. (2022); also they 
added that the high percentage indicated the predominant 
in food animals in Bangladeshi. Another study supports 
our results where the percentage of   E. coli isolation was 
61.7% from poultry guts and the incidence of mcr-1 was 
36.4% (Islam et al., 2020). 

The current study sequenced three strains of positive mcr-1 
and found that they were Geno-typically identical with a 
percentage of 100%.  Also, as shown in Figures 3 and 4 The 
detailed sequence analysis of that was almost of high iden-
tity to the mcr-1-positive plasmid pCFSAN061769_01, 
which reached 99.9% (with GeneBank accession no. 
CP042970.1) in an E. coli isolated from cheese in Egypt. 
And that indicates that this plasmid type is circulating be-
tween different sources ( José et al., 2021). The examined 
strains were showed different identity percentages with 
different strains randomly selected from the GeneBank. 
As a result, it provided a maximum identity percentage of 
100% with (NG052893.1, MK620991, and KU934209), 
as well as a percentage of 99.3% with a Chinese strain 
(KU934208), and the same percentage with MW811403 
Klebsilla pnemonaie and MW811404 Pseudomonas aurigno‑
sa. Also, it gave a percentage of 95.8 with the Salmonella 
enterica strain (NG.067235). This variation of identity per-
centage may be due to the different geographical distribu-
tion as discussed by Yang et al. (2017) during the compar-
ison of the multilocus sequence types (MLST) of mcr-1 
from different areas. However, there was a deficiency of 
data concerning the epidemiology of the colistin-resist-
ant mcr genes in E. coli of food origin, especially in Egypt 
(Touati and Miari, 2021). The results of the current study 
are compatible with those obtained by Ahmed et al. (2019) 
who studied the correlation between humans, wild birds 
and water sources using phylogenetic analysis of mcr-1. 
The current results agreed with different studies in Africa 
that mcr-1-positive E. coli has been found in food mat-
ters, including chicken meat and carcasses (Dhaouadi et 
al., 2020; Hassan et al., 2020).

Conclusion

The obtained results in the current study regarding the 
detection of mcr-1-positive E. coli in chicken and chick-
en meat in Egypt, indicating the likelihood of spreading 
of this gene to humans through consumption of chicken 
meat that may lead to resistance against the colistin sulfate.
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