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Abstract

This study assessed the prevalence of the mcr-1 gene, which provides resistance to colistin 
(polymyxin E), in Escherichia coli strains isolated from sick poultry in the Peshawar, Mardan, 
and Charsadda regions of Pakistan. Samples were collected from 246 poultry birds showing 
symptoms such as diarrhoea, respiratory distress, and other systemic infections. After enrichment 
in Brain Heart Infusion broth, the samples were cultured on selective media containing colistin. 
The isolated colonies were further cultured on Eosin Methylene Blue agar and analyzed with 
PCR to detect the mcr-1 gene. The study found varying levels of mcr-1 gene prevalence across 
the three regions, with Charsadda exhibiting the highest frequency. Antibiogram analysis  
of colistin-resistant isolates showed high resistance to ampicillin, colistin, and sulfamethoxazole, 
while resistance to tetracycline, norfloxacin, and cefixime was lower. In conclusion, the findings 
suggest that colistin resistance exists in E. coli from poultry in these regions, with notable  
resistance trends to commonly used antibiotics such as ampicillin and sulfamethoxazole. Conse-
quently, these antibiotics should be avoided for treating E. coli infections, and alternatives like 
ceftazidime and cefepime should be considered. This research emphasizes the importance  
of ongoing monitoring of antibiotic resistance in poultry pathogens and the need for more tar- 
geted treatment approaches. 
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Introduction

Antimicrobial resistance is an increasing global 
health threat, especially in the poultry industry, leading 
to significant economic losses (Sarmah et al. 2006).  
The widespread use of antibiotics as growth promoters 
has contributed to the rise of drug-resistant bacteria 
(Munday et al. 2014). Colistin, a last-resort antibiotic 
from the polymyxin E group, disrupts the lipopolysac-
charide layer in bacterial cell membranes, resulting  
in bacterial death (Moffatt et al. 2010). Polymyxins are 
positively charged peptides that bind to negatively 
charged phospholipids in bacterial membranes, causing 
cell damage (Mohapatra et al. 2021). Although they  
are commonly used in veterinary medicine, their use  
in humans is limited due to potential side effects (Catry 
et al. 2015).

Colistin resistance arises through mutations in the 
bacterial membranes’ lipid profiles, which reduce  
the negative charge and hinder colistin binding (Velkov 
et al. 2013). Key genes involved in resistance include 
crrABC, mgrB, and others related to phospholipid 
membrane molecules (Esposito et al. 2018). Studies on 
Klebsiella pneumoniae showed that resistant strains 
have more L-Ara4N (Olaitan et al. 2014) in their lipid 
phosphate groups, decreasing colistin binding (Velkov 
et al. 2013).

Escherichia coli (E. coli), a common intestinal bac-
terium in humans, animals, and birds, can cause enteri-
tis and diarrhea through virulent strains (Bélanger et al. 
2011). Resistant strains of E. coli, often originating 
from contaminated food, are the main contributors  
to foodborne illnesses (Caine et al. 2014). The spread  
of resistance genes via mobile genetic elements and 
horizontal gene transfer (HGT) further worsens the 
problem (Schouten et al. 2009). The E. coli genome  
frequently includes integrons, which are known to con-
tribute to the development of antimicrobial resistance 
(Solis et al. 2024). Rapid detection of antimicrobial  
resistance is essential due to the alarming global rise  
in multidrug-resistant (MDR) E. coli and colistin resis-
tance. This study aims to evaluate E. coli resistance to 
colistin by detecting the mcr-1 gene in isolates from 
broiler chickens using polymerase chain reaction 
(PCR).

Materials and Methods

Ethical statement

The present study was conducted following the  
ethical guidelines of the University of Agriculture,  
Peshawar, Pakistan. Proper ethical approval was obtai- 
ned from the ethical committee responsible for lab  

animal care and management at the College of Veteri-
nary Sciences, Agriculture University, Peshawar, Paki-
stan. 

Sample collection and processing

Samples for this study were collected from three 
districts in Khyber Pakhtunkhwa, Pakistan: Peshawar, 
Charsadda, and Mardan. The samples were obtained 
from birds brought for postmortem examination from 
these districts to the poultry postmortem section of the 
Veterinary Research Institute in Peshawar, for disease 
investigation. Bird samples were collected, properly  
labeled with the district name, and sent to the Micro- 
biology Lab at the College of Veterinary Sciences,  
University of Agriculture, Peshawar. A total of 246 sick 
birds showing signs and symptoms of colibacillosis 
were sampled, with 82 samples taken from each district. 
For further analysis, the samples were quickly placed  
in sterile Brain Heart Infusion (BHI) broth. 

Isolation and Biochemical Identification

Samples were initially screened based on clinical 
history from the owner and postmortem examination. 
Using an inoculating loop, fecal or cloacal samples 
were aseptically transferred to brain heart infusion 
(BHI) broth (Difco™, Becton Dickinson, Sparks, MD, 
USA) and incubated for 16–24 hours to promote bacte-
rial growth. After enrichment, aliquots were streaked 
onto MacConkey agar plates (Difco™, Becton Dickin-
son, Sparks, MD, USA) supplemented with 2 µg/L 
colistin sulfate and incubated at 37°C to select for  
colistin-tolerant colonies. Isolated colonies were then 
subcultured onto two types of MacConkey agar: one 
containing 2 mL/L colistin to enhance resistance detec-
tion and another without colistin as a control, ensuring 
colony purification and resistance profiling.

Bacterial isolation and identification

E. coli was identified through a series of microbio-
logical techniques. Initially, the microorganism was 
cultured on MacConkey agar, a medium selective for 
Enterobacteriaceae, where it displayed characteristic 
pink colonies. These colonies, after treatment with 
colistin, were further analyzed on eosin methylene blue 
(EMB) agar. The presence of a metallic sheen on EMB 
agar was used as a preliminary indication of E. coli.

DNA extraction and gene amplification

DNA from the initially identified E. coli was isola- 
ted following the manufacturer’s kit instructions.  
PCR assays targeted the uidA gene for identification. 
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Selective colonies identified as E. coli were obtained 
after overnight enrichment in BHI broth. To prepare the 
DNA template, 1 mL of the enriched broth culture was 
centrifuged at 11,000 rpm for 1 minute, and the super-
natant was discarded. The pellet was then resuspended 
in molecular-grade water and transferred into PCR 
tubes. The suspension was heated in a Bio-Rad thermo-
cycler at boiling for 20 minutes. Afterward, the lysate 
was centrifuged at 500 rpm for 2 minutes, and the  
supernatant was used as the DNA template for further 
molecular analysis. 

Polymerase chain reaction and gene amplification 
section

Bacterial DNA from presumptive E. coli isolates 
was extracted using two parallel methods.

Commercial Kit: The QIAamp DNA Mini Kit 
(Qiagen, Germany), following the manufacturer’s pro-
tocol.

Boiling lysis: A total of 1 mL of enriched BHI broth 
culture was centrifuged at 11,000 rpm for 1 minute, 
re-suspended in 200 μL of molecular-grade water, and 
heated at 95°C for 20 minutes in a Bio-Rad thermocy-
cler. The lysate was then centrifuged at 500 rpm for  
2 minutes, and the supernatant was used as a template. 
E. coli  identification was confirmed through 
amplification of the uidA gene using published primers 
and conditions. For mcr-1 detection, we used the  
primers CLR5-F (CGGTCAGTCCGTTTGTTC) and 
CLRF-R (CTTGGTCGGTCTGTAGGG) as previously 
described by Liu et al. (2016). A known E. coli strain 
(NCTC 13846), previously confirmed to harbor the 
mcr-1 gene, served as a positive control, while  
nuclease-free water was used as a negative control.  
The 16S rRNA gene was amplified as an internal control 
to verify reaction integrity. Cycling conditions included 
an initial denaturation at 94°C for 4 minutes, followed 
by 30 cycles of denaturation at 94°C for 45 seconds, 
annealing at 57°C for 45 seconds, and extension at 72°C 
for 2 minutes. A final elongation step was performed  
at 72°C for 10 minutes. PCR products were separa- 
ted by electrophoresis on 1% (w/v) agarose gels for 30 
minutes. Visualization was carried out under ultraviolet 
light, and images were captured with a gel documenta-
tion system (Alpha® Imager EC, San Leandro, USA). 
Both DNA extraction methods produced consistent  
results for downstream PCR applications. 

Antimicrobial susceptibility testing

To assess the antibiotic susceptibility of E. coli 
strains confirmed as colistin-resistant via PCR detection 
of the mcr-1 gene, a disc diffusion test was conducted 
using Mueller-Hinton Agar according to Clinical and 

Laboratory Standards Institute (CLSI) guidelines  
(CLSI 2023). The disc diffusion method has limitations 
in assessing colistin susceptibility due to poor agar  
diffusion of polymyxins. Although our current testing 
followed general CLSI guidelines, we recognize that 
colistin-specific testing for Enterobacterales requires 
broth microdilution (BMD), and this method will be 
prioritized in follow-up studies to enhance accuracy.

Data analysis

The collected data were entered into Microsoft  
Excel and analyzed using the SPSS and Statistix 8.1 
software packages for statistical evaluation. 

Results

Prevalence of E. coli isolated from diseased 
poultry birds in different districts

Out of 246 samples collected from diseased poultry 
in three districts – Peshawar, Charsadda, and Mardan – 
E. coli was isolated in 178 cases (72.35%) using Eosin 
Methylene Blue agar and confirmed through molecular 
techniques. The district-wise distribution showed the 
highest E. coli isolation rate in Charsadda (85.37%), 
followed by Peshawar (69.51%) and Mardan (62.20%). 
Statistical analysis indicated a significant difference in 
E. coli prevalence among districts (Chi-square = 11.503, 
p=0.003). Additionally, molecular screening of these 
isolates for the mcr-1 gene, which confers plasmid-me-
diated resistance to colistin, identified 34 mcr-1-posi-
tive strains (19.10% of the total E. coli isolates). 
Charsadda had the highest number of mcr-1-positive 
isolates (25.71%), followed by Mardan (17.65%) and 
Peshawar (12.28%), though the difference in mcr-1 
prevalence among districts was not statistically signifi-
cant (p=0.1521), as detailed in Table 1. Figure 1 shows 
the transcript of the mcr-1 genes analyzed by PCR.

Antimicrobial susceptibility profile  
of mcr-1-positive E. coli isolates

Although all 34 mcr-1-positive isolates carried  
the colistin resistance gene, only 26 (76.5%) exhibited 
phenotypic resistance or intermediate susceptibility to 
colistin by the disc diffusion test. Eight isolates (23.5%) 
remained phenotypically susceptible. This suggests  
a partial agreement between genotype and phenotype 
for colistin resistance. Table 2 shows a cumulative anti-
biogram of these colistin-resistant isolates. Except for 
tylosin resistance, the isolates displayed multidrug  
resistance (MDR), defined as resistance to at least three 
antibiotic classes. High resistance rates were seen with 
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Fig. 1. �Amplification of the mcr-1 gene from colistin-resistant E. coli isolates obtained from infected poultry. PCR products of the  
expected size 1165 bp are visible in lanes 1–8. Lane P: positive control (mcr-1 gene); Lane N: negative control; Lane M: 2000 bp 
DNA ladder (TransGen, Beijing, China).

Table 1. Occurrence of Escherichia coli and the drug-resistant mcr-1 gene isolated from diseased poultry birds.

Districts
E. coli

Chi-Square (P-Value)
mcr-1

Chi-Square (P-Value)
+ (%) - (%) + (%) - (%)

Peshawar 57 (69.51) 25

11.503 0.003*

7 (12.28) 50

3.7668 0.1521ns
Charsadda 70 (85.37) 12 18 (25.71) 52
Mardan 51 (62.20) 31 9 (17.65) 42
Total 178 (72.35) 68 34 (19.10) 144

Values with p<0.05 are considered statistically significant (*), and (ns) are non-significant.

Table 2. Cumulative antibiogram of colistin-resistant isolates of E. coli from Poultry Birds.

S. No Anti-microbial Drug Resistant (%) Intermediate (%) Susceptible (%) Chi-Square 
1 Tylosin 30 (88.24)ns 4 (11.76)* 0 (0.00)*

98.725

2 Ceftriaxone 15 (44.12)ns 9 (26.47)ns 11 (31.43)ns

3 Cefixime 13 (38.24)ns 6 (17.65)ns 15 (42.86)ns

4 Gentamicin 12 (35.29)ns 11 (32.35)ns 11 (31.43)ns

5 Cefepime 7 (20.59)* 7 (20.59)ns 20 (57.14)ns

6 Ampicillin 22 (64.71)ns 5 (14.71)ns 7 (20.00)*
7 Norfloxacin 22 (64.71)ns 6 (17.65)ns 6 (17.14)ns

8 Sulfamethoxazole 28 (82.35)ns 4 (11.76)* 2 (5.71)*
9 Tetracycline 12 (35.29)ns 7 (20.59)ns 15 (42.86)ns

10 Meropenem 20 (58.82)ns 8 (23.53)ns 7 (20.00)*
11 Ceftazidime 6 (17.65)* 6 (17.65)ns 22 (62.86)ns

12 Kanamycin 20 (58.82)ns 6 (17.65)ns 8 (22.86)*
13 Colistin 14 (41.18)ns 12 (35.29)ns 8 (22.86)*

X-squared =, df = 24, p-value = 4.953e-11
Values with p < 0.05 are considered statistically significant (*), and (ns) are non-significant.
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sulfamethoxazole (82.4%), ampicillin (64.71%), and 
norfloxacin (64.71%). Moderate resistance was obser- 
ved for meropenem (58.82%), kanamycin (58.82%), 
and ceftriaxone (44.12%). Lower resistance rates were 
recorded for cefepime (20.59%) and ceftazidime 
(17.65%), with the latter being the most effective anti-
biotic, showing a sensitivity rate of 62.86%. The anti-
biogram results highlight the concerning level of  
co-resistance among mcr-1-positive isolates to multiple 
antibiotics.

Discussion

Antibiotic resistance is a growing concern that has  
a significant impact on global health and the poultry  
industry. Drug-resistant bacterial infections cause  
considerable economic losses (Sarmah et al. 2006).  
The routine use of antibiotics, especially for growth 
promotion in animals, has led to microbial adaptation, 
resulting in antibiotic resistance (Munday et al. 2004). 
In numerous countries of the world, the increasing inci-
dence of Colistin resistance in gram-negative bacteria, 
especially in E. coli, has become a serious problem 
(Nguyen et al. 2015). The colistin-resistant gene, mcr-1, 
was 1st discovered as a mobile plasmid-associated ele-
ment in China. It has been widely disseminated around 
the world since its discovery (Liu et al. 2016). One  
significant factor contributing to the emergence of the 
mcr-1 gene is the extensive use of colistin in the food 
animal industry (Trung et al. 2017). While its use in 
human medicine remains restricted, colistin is often 
employed in animal production, exacerbating the spread 
of resistance. Despite the universal concern, there is  
a lack of comprehensive examinations employing a 
one-health approach to directly link colistin use in  
animals with mcr-1 presence in human pathogens  
(Koressaar et al. 2016).

The prevalence of E. coli was found to be 72.35%  
in this study in affected poultry from a selected area. 
This result is consistent with the observations of Hos-
sain et al. (2008), who reported a 60% prevalence in 
chicken fecal samples, and Jakaria et al. (2012), whose 
study identified an even higher prevalence of 78.86% in 
cloacal specimens. However, other studies report lower 
prevalence rates. Rahman et al. (2004) found only  
a 21% prevalence in poultry, and Arslan and Eyi (2011) 
reported a 43% prevalence in chicken meat. These  
variations can be attributed to differences in sampling 
methods, culturing techniques, and strain variability, 
highlighting the need for standardized methodologies 
when assessing E. coli prevalence.

Regarding the mcr-1 gene, our study found an  
overall prevalence of 19 % in diseased poultry birds. 

This prevalence is higher than the 13% reported by  
Jayol et al. (2018) and the 5% found by Yang et al. 
(2017) in China. Studies in Europe show even lower 
rates, such as 1.8% in France (Perrin-Guyomard  
et al. 2016) and 1.5% in Dutch supermarket chicken 
(Kluytmans et al. 2016). A study from Italy by  
Cannatelli et al. (2016) screened colistin-resistant  
E. coli isolates collected from hospitalized patients and 
found eight out of nine strains positive for the mcr-1 
gene. However, Nguyen et al. (2015) reported a much 
higher prevalence of 59% in Vietnam. These findings 
highlight geographical differences and suggest that  
antibiotic usage practices may contribute to the dis- 
semination of the mcr-1 gene in E. coli. 

Our study focused particularly on detecting the  
mcr-1  gene for several scientifically justified reasons. 
First, as the initial and most widely documented  
plasmid-mediated colistin resistance mechanism,  
mcr-1  remains the primary variant reported in global 
surveillance of food animals, particularly poultry  
(Liu et al. 2016). Second, regional antimicrobial resis-
tance monitoring in South Asia has consistently identi-
fied mcr-1 as the dominant variant in livestock-associat-
ed Enterobacteriaceae. The consistent use of controls 
throughout our study, including mcr-1-positive E. coli  
NCTC 13846 as a positive control, nuclease-free water 
as a negative control, and 16S rRNA as an internal  
amplification control, ensured the reliability of these  
results.

Historically, polymyxin resistance, including colis-
tin, was mainly associated with chromosomal mutations 
(Olaitan et al. 2014). However, the discovery of the 
plasmid-mediated mcr-1 gene encoding Phosphoetha-
nolamine transferase marked a paradigm shift in our 
understanding of this resistance (Liu et al. 2016).  
Initially detected in Enterobacteriaceae from both  
humans and animals by Liu et al. (2016), mcr-1 has now 
achieved widespread global distribution (Webb et al. 
2016). The presence of both mcr-1 and mcr-2 genes in 
Enterobacteriaceae, including E. coli, poses a critical 
threat to human health, as these genes confer resistance 
to one of the last-resort antibiotics (McGann et al. 
2016). The continued emergence of multidrug-resistant 
strains underscores the need for alternative therapeutic 
options as the efficacy of colistin diminishes (Temkin  
et al. 2016).

In our study, we conducted antimicrobial suscepti-
bility testing on 34 mcr-1-positive E. coli isolates from 
three districts against 13 antibiotics. Alarmingly, colis-
tin resistance was observed in 88.24% of isolates, with 
complete resistance (0% susceptibility). Notably, a dis-
crepancy was observed between the genotypic and phe-
notypic resistance profiles of colistin. While the mcr-1 
gene was detected in all 34 isolates, phenotypic resis-
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tance or intermediate susceptibility was evident in only 
26 isolates, with the remaining 8 exhibiting susceptibi- 
lity in disc diffusion assays. Such discordance has been 
reported previously and may result from low-level  
expression of the mcr-1 gene, gene silencing, variations 
in promoter activity, or plasmid copy number. Further-
more, CLSI and EUCAST recommend broth microdilu-
tion (BMD) rather than disc diffusion for colistin sus-
ceptibility testing in Enterobacterales, as the latter may 
yield inconsistent results due to colistin’s poor diffusion 
in agar (Poirel et al. 2017, CLSI, 2023). Future studies 
will incorporate BMD-based MIC determination to bet-
ter assess resistance phenotypes. High resistance rates 
were also noted for sulphamethoxazole (82.35%), nor-
floxacin, and ampicillin (64.71%). However, ceftazi-
dime showed relatively high susceptibility (62.86%) 
and the lowest resistance (17.65%) among the tested 
antibiotics. These results align with those reported in  
E. coli from poultry. Our findings are in line with  
a study conducted by Islam et al. (2014), who reported 
E. coli susceptibility rates of 86.67% for gentamicin, 
80% for norfloxacin, and 73.33% for tetracycline, with 
high resistance (86.67%) to amoxicillin. The finding 
emphasizes the urgent need to implement stringent  
regulations on antibiotic use in the poultry industry. 
Such measures are essential to mitigate the emergence 
of antibiotic-resistant bacteria, which could infiltrate 
agricultural systems through the improper handling  
or application of poultry manure, thereby posing signi- 
ficant risks to public health and food safety (Cortés  
et al. 2010).

E. coli, particularly colistin-resistant strains, causes 
substantial economic losses in the commercial poultry 
industry due to increased disease prevalence, mortality, 
and carcass condemnation (Ewers et al. 2004). Addi-
tionally, antimicrobial resistance poses a direct threat to 
public health, as resistant bacteria can be transmitted 
through food products, including poultry meat (Johnson 
et al. 2007). The consumption of resistant strains of 
food-borne pathogens poses a significant risk of trans-
ferring resistant genes to pathogenic microorganisms  
in humans. This phenomenon exacerbates the global 
challenge of antibiotic resistance, further complicating 
efforts to combat this critical public health threat  
(Pesavento et al. 2007). The development of colistin- 
-resistant E. coli in poultry highlights the important 
need for regulatory action to limit antibiotic usage in 
animal agriculture and avoid the transfer of resistance 
genes to the human population.

Conclusions

This study emphasizes the alarming levels of anti- 
biotic resistance in mcr-1-positive E. coli isolates from 
poultry, especially against colistin (88.24%) and sulfa-
methoxazole (82.35%). Ampicillin and sulfamethoxaz-
ole exhibited high resistance in all districts and should 
be avoided, particularly in Peshawar. Conversely, cef-
tazidime showed better susceptibility and could be con-
sidered a viable treatment option in Peshawar, 
Charsadda, and Mardan, along with cefepime. These 
findings underscore the urgent need for continuous  
surveillance and the implementation of region-specific 
antibiotic stewardship programs to address the rise  
of colistin-resistant E. coli in poultry. The growing  
resistance to commonly used antibiotics highlights  
the importance of careful antimicrobial use in animal 
husbandry to safeguard both animal and human health.
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