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Introduction 
Colistin is an antibacterial substance that belongs to class 

of polymyxin antibiotics, are antibiotics obtained from the 

Gram-positive bacterium known as Paenibacillus 

polymyxa (Aboelnasr et al. 2024, Abdullah 2024). This 

class of antibacterial includes five polymyxins, polymyxin 

A, B, C, D and E (colistin) out of which polymyxin E and 

polymyxin B are used clinically (De Koster et al.  2024). 

Among antibacterial agents, colistin can be classified as 

one of the most widely known categories of antibiotics that 

help to address the threat of a majority of the Gram-

negative bacteria. This drug is considered as the last resort 

treating disease-developed due to carbapenem-resistant 

Enterobacteriaceae (Zhou et al. 2022). The use of human 

antibiotics in animal feeds is one of the largest drivers on 

antibiotic resistance globally. While many high-income 

countries have reduced their usage of antibiotics in 

farming, one of them colistin which is forbidden, 
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ABSTRACT 

The emergence of plasmid-mediated colistin-resistant bacterial strains in recent 

years has caused significant alarm in the field clinical medicine therapy, 

particularly with the increasing incidence of carbapenem resistant 

Enterobacteriaceae globally. Colistin, the last resort antibiotic, has been 

increasingly used to treat multidrug resistant-bacterial infections among human 

and in animal care leading to mutations and resistance among sensitive strains. 

The study aims to investigate the prevalence of mcr (1-5) genes associated with 

colistin resistance in human samples in Karbala city in Iraq. Three hundred 

clinical samples were collected from patients including human samples (200 

urine samples and 100 burn swab samples) and 50 hospital environment swabs 

collected. Samples were cultured on selective media for isolating Escherichia 

coli (E. coli) and identified using VITEK2 compact system. One hundred 

samples revealed the growth of E. coli. Isolates showed different traits of 

antibiotic resistance including multidrug resistant 50% and extensive drug 

resistant 21% and pan resistant E coli which recorded 5%. The prevalence of 

colistin resistance among E. coli isolates was 6%. The mcr1 gene was the only 

gene detected among the 6 isolates, 3 were isolated from urine samples and 3 

were isolated from burn samples. In Conclusion, mcr1 gene is a predominant 

gene among community acquired isolates of E. coli in contrast to the hospital 

environment. Results recommend re-evaluation for the source of resistance 

strains and especial concern should be directed toward horizontal transmission 

through animals and food markets to humans because of the wide usage of 

colistin in veterinary medications.   
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unfortunately, low-income and middle-income countries 

are still using it (Bastidas-Caldes et al.  2023). Researchers 

found a gene known as mcr that was responsible for the 

resistance of some bacteria to the colistin. This gene was 

identified early among the Enterobacteriaceae-family, 

particularly from humans and livestock isolates in China 

(Liu et al. 2016, Umair et al. 2023). After that a growing 

number of countries in Asia, Europe, and certain African 

countries have experienced a growth in colistin-resistance, 

which has raised serious concerns.  

The ability of colistin resistance to spread both 

vertically through chromosomal-mutation and 

horizontally through conjugative plasmids is what defines 

its spread (Lei et al. 2019). There are ten distinct mcr1-10 

gene variants known to exist. The mcr-gene modifies the 

target of colistin by using the enzyme 

phosphoethanolamine transferase. This enzyme transfers 

glucosamine from lipid A, resulting in a reduction of the 

negative charge of lipid A. Consequently, colistin is 

unable to bind (Gharaibeh & Shatnawi 2019). The mcr 

genes have been found frequently in animal and food 

isolates compared to human strains, many documented 

incidences of human-infection caused by strains carrying 

mcr1, mcr3, or mcr4, in more than 100 strains of 

Enterobacteriaceae, Escherichia coli (E. coli) having the 

mcr gene, have been found global in human hosts who 

either come from or have recently visited Asian nations 

(Liu et al. 2016). Currently, the mcr-gene, which is 

resistant to antibiotics, is widely spread around the globe, 

posing a significant threat to the effectiveness of 

treatments against infections resistant to conventional 

antibiotics (Yang et al. 2017). Determining the main 

source for spreading colistin resistance among community 

isolates is very crucial in the way of fighting against 

infectious diseases caused by antibiotic resistant bacteria,  

Urinary tract infection (UTI) and bloodstream 

infections are frequently caused by E. coli. However, no 

evidence describing the association between colistin 

resistance in clinical isolates of E. coli and its 

administration has been provided by any observational 

studies. On the other hand, a connection was found 

between colistin use and resistance in livestock agriculture 

(Danaei et al. 2023). In Iraq, only few studies investigated 

the presence of colistin resistant bacteria, one study 

conducted in Al-Qadisiya in 2022 recorded the isolation of 

E. coli strains with colistin resistance rate of (8.5%), 

compared to other species in the Enterobacteriaceae family 

(Ameen 2022). However, there has been no research 

undertaken in the city of Karbala to identify the presence 

of colistin resistance in any clinical isolates. Furthermore, 

studies have been conducted worldwide to identify the 

main source that patient’s contract colistin-resistant 

bacteria, for example via contaminated animal products or 

the hospital environment which always considered 

promoter for the growth and spread of resistant bacteria 

(Torp dahl et al. 2017, Caselli et al. 2018, Lencina et al. 

2024). The aim of the present study was to investigate the 

prevalence of colistin-resistant E. coli, determine the 

common source of these isolates and the predominant mcr 

genes responsible for it among patient samples in Karbala 

city /Iraq. 

 

Materials and Methods 

Subjects and sample collection 

The study was conducted from September 1st, 2023, to 

August 2nd, 2024. A total of 350 clinical samples were 

collected from outpatients attending Imam Al-Hussein 

Medical City in Karbala, Iraq.  

Samples included 200 midstream urine samples to 

(samples were representing a suspected example for 

community-acquired E coli infection), samples were 

collected from in and out-patients how exhibited clinical 

signs of urinary tract infection including dysuria, frequent 

urination, fever, flank pain, and the desire to urinate-even 

with empty bladder. Patients were given sterile container 

to collect urine samples using midstream catch technique. 

Additionally, 100 swab samples were taken from burn 

inpatients suffering from different burn degrees (samples 

were representing a suspected example of hospital 

acquired infection), swab was taken right away after the 

burned site was cleaned and debrided.  

To determine whether the isolated E coli was taken 

from the hospital environment, a total of 50 swab samples 

were collected from the hospital environment. Hospital 

environmental samples were collected from the patient's 

room, beds, operating room, burn patient's cleaning room, 

and hospital hallways. Every sample was properly labeled 

with the patient's sex, date, source, and time of collection. 

 

Bacterial isolation and identification 

Samples were cultivated on MacConkey agar and 

incubated at 37°C for 18 hours. The cultures were 

examined to determine if there was any notable growth, 

according to colony morphology the primary identification 

of E coli was performed and the isolates identified using 

the fully automated VITEK 2 compact system this was 

accomplished by employing the VITEK 2 GN ID card.  

The isolated E. coli strains, after they were identified by 

the VITEK system, were further sub-cultured on Sorbitol 

MacConkey agar (SMAC) (Himedia). The growth of non-

sorbitol fermenter colonies (pale or colorless colonies) on 

SMAC agar was considered a suspected isolate of E. coli 

O157 strains, the sorbitol fermenter isolates (pink 

colonies) were considered non-O157 strains (March & 

Ratnam 1986). 
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 Antibiogram test  

The antibiotic resistance pattern for the isolated E coli 

was investigated using the fully automated VITEK 2 

compact system with an AST (N222) card. Isolates were 

further tested for the extended spectrum beta lactamase 

(ESBLs) production by using the Kirby-Bauer method for 

antibiotic susceptibility, test was performed according to 

the standards of the Clinical Laboratory Slandered 

Institute (CLSI, 2023). The double disc synergy test was 

done on Mueller Hinton agar (MHA) (Oxoid, UK), to 

determine extended spectrum beta-lactamase (ESBL) 

producing E. coli. Ceftazidime and Cefotaxime discs were 

spaced 15 mm away from an amoxicillin-clavulanic acid 

(20/10 μg) disc in the plate (CLSI, 2023).  

 

PCR for Detection of Plasmid-Mediated Colistin 

Resistance Gene mcr-1 

For DNA extraction a loopful of culture was 

suspended in 1ml Eppendorf tube containing 100 μl of 

sterile TE buffer and mixed by vortexing. The mixture 

was boiled in water bath for10 min at 100ºC, centrifuged 

5 min at 6000 RPM. The DNA supernatant was collected 

and transferred into a new sterile Eppendorf tube and 

further diluted at 1:10 in TrisHCl buffer (Rebelo et al. 

2018).  

Bacterial DNA concentration was measured using 

NanoDrop (Biodrop, USA) with adjustment of the 

solution absorbance at the 260 nm, results were 

compared to a standard curve of known DNA 

concentrations. The ratio of 260/280 was used to test 

purity, with a desirable level of purity falling between 

the range of (1.8-2.0) (Rebelo et al. 2018). Primers used 

in the study targeted the mcr(1-5) genes listed in table1 

(Rebelo et al.  2018).  

 

xxx 

 

Table 1.  The primer pairs used in the study.  

 
Target gene Primer sequences (5’-3’) Size (bp) 

mcr-1 (40-359) F. AGTCCGTTTGTTCTTGTGGC 

R. AGATCCTTGGTCTCGGCTTG 

320 

 

mcr-2 (4011115) 

 

F. CAAGTGTGTTGGTCGCAGTT 

R. TCTAGCCCGACAAGCATACC 

 

715 

 

mcr-3 (17-945) 

 

F. AATAAAAATTGTTCCGCTTATG 

R. AATGGAGATCCCCGTTTTT 

 

929 

 

mcr-4 (38-1153) 

 

F. TCACTTTCATCACTGCGTTG 

R. TTGGTCCATGACTACCAATG 

 

1116 

 

mcr-5 (1-1644) 

 

F. ATGCGGTTGTCTGCATTTATC 

R. TCATTGTGGTTGTCCTTTTCTG 

 

1644 

* F: forward, R: reverse, bp: base pair 

 

 

DiaStar™ Direct Multiplex PCR Kit was used for 

primary detection of mcr 1-5 genes and the PCR reaction 

mixture Go Taq Green Master Mix PCR kit (Promega, 

USA) was used to confirm primary multiplex PCR 

results. All PCR reactions were performed-according to 

the manufacturer's instructions the process was 

performed in a volume of 25 -50 μL. The addition 

process was conducted within a biological Cabinet of 

class II, utilizing frozen cooling blocks and ice bags, 

while maintaining a sterile environment. A PCR tube 

was utilized to construct all PCR components, which 

were subsequently combined using a cooling micro 

centrifuge at a speed of 50 Rpm for a duration of 30 

seconds. Each sample was tested twice to confirm 

positive result. The thermocycling conditions for the 

PCR was initial denaturation for 2 min at 95 °C, 

denaturation 20 sec at 95 °C for 40 cycles, annealing 40 

sec at 58 °C and extension for 5 min at 72 °C (Rebelo, et 

al.  2018). 

Agarose gel of 1.5 % was used to run the PCR 

amplicons, the agarose gel was prepared by dissolving 

1.5 gram of agarose powder (Promega, USA), with 100 

milliliters of 1X TBE buffer working solution. The 

mixture was microwaved at 180 °C for 2 minutes until it 

completely dissolved, the gel was left to cool into 50°C 

then 3 μl of the Ethidium bromide solution was added. 

The amplified PCR products were separated and 

visualized using UV transillumination in a gel 

documentation system. 
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Study Design and Statistical Analysis 

Cross-sectional study, the statistical analyses was 

performed using SPSS software-version 26. The 

significance criterion of alpha < 0.05 was used for 

determining statistical significance. Descriptive data of 

antibiotic sensitivity testing were shown as frequency. 

 

Results 
 

Sample Size and Overall Culture Results  

A total of 350 samples were collected from in-patients and 

outpatients attending the hospital. Human samples 

included 168 female, 132 male and 50 environment 

samples. Positive MacConkey agar culture results 

revealed the growth of E. coli from 100 samples (43.5%). 

Other cultures showed the growth of variable gram-

negative species including Klebsiella spp. 70 (30.43%), 

Pseudomonas spp. 20 (8.7%), Enterobacter 32 (13.91%) 

and Acinetobacter 8(3.5%). Wherein 34.29% (120/350) of 

the cultivated samples there were no growth appeared 

(Table 2).  

 

 

 

Table 2. Overall frequency of Gram-negative bacteria isolated from all samples 

 
      Culture results 

Isolated Bacteria  Growth on 

MacConkey agar 

No growth 

E. coli 100 (43.5%)  

 

120 

(34.29%) 

Klebsiella 70 (30.43%) 

Pseudomonas 20 (8.7%) 

Enterobacter 32 (13.91%) 

Acinetobacter 8 (3.5%) 

Total / percentage out of 350 230 (65.71%) 

   

 

Swabs taken from different places in the hospital to 

check weather infection is nosocomial or community 

acquired, the environmental samples did not grow E. coli 

and the results were nonsignificant (Table 3).  

 

Table 3. Environmental sample collection locations and the culture resulting isolates  

  
Sampling place No. of 

samples 

No. of 

positive 

culture 

Type of growth   

Surgery room 10 2 (4%) Klebsiella sp.+ 

Pseudomonas sp. 

Laboratory unit 10 0 No growth 

Hospital floors 10 0 No growth 

Burn unit 10 0 No growth 

Internal 

medicine unit 

10 1(2%) Klebsiella sp. 

Total 50 3(6%)  

Chi square = 4.765, P value>0.05.  Results are non-significant 

 

The isolated E. coli from urine cultures had 

significantly the highest rate (85%), while the isolates 

from burn swabs had the lowest rate (15%) results were 

highly significant (Table 4).  

The completely automated VITEK 2 compact device 

was used to determine-antibiotic resistance, out of 100 E. 

coli isolates displaying a concerning high resistance to 

Ticarcillin (92%), Piperacillin (87%), Aztreonam (75%), 

Ciprofloxacin (69%), Trimethoprim/Sulfamethoxazole 

(63%), followed by (47%) for each Tobramycin and 

Ticarcillin/Clavulanic acid, Ceftazidime (45%) 

Piperacillin/Tazobactam (41%) and Cefepime and 

Gentamicin (36%). The lowest rate of resistance where to, 

minocycline (25%) Imipenem (14%), Amikacin and 

Meropenem (12%) and the least was for Colistin (6%) 

(Fig.1). 

Multidrug-resistant (MDR) formed 50% of the 

isolated E. coli these are isolates that developed resistance 
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to one or more antibiotics.  In contrast, XDR isolates were 

sensitive to only one or two antibiotic such isolates formed 

21% of isolates. PDR was defined as the lack sensitivity to 

every single antibiotic in every category such result was 

found in five isolates (5%). Five PDR- E. coli was sorbitol 

non-fermenter while MDR and XDR showed a lower rate 

of sorbitol fermentation on SMAC (Table 5).  

 

 

 

Table 4. Distribution of the isolated E. coli according to the source of samples  
Sample type Type of 

sample 

No. of 

Samples 

No. of E. 

coli 

Urinary tract infection Urine 200 (57.14%) 85(85%) 

Burn swabs Swab 100 (28.57%) 15(15%) 

Environmental samples Swab 50 (14.29%) 0 (0%) 

Total 350(100%) 100(100%) 

Chi square= 26.081, P value = 0.00000217 

 

Table 5. Distribution of E. coli according to antibiotic resistance category and sorbitol fermentation results 

 
Category E. coli strain  

 

 

Total  

No. 

Non-sorbitol 

fermenter 

Sorbitol  

fermenter 

Urine 

No. 

(%) 

Burn 

No. (%) 

Urine 

No. (%) 

Burn 

No. (%) 

Sensitive  1 

(5.26) 

0 

(0) 

22 

 (33.33) 

1 

(12.5) 

24 

(24) 
*MDR 8 

(42.11) 

2 

(28.57) 

35 

 (53.03) 

5 

(62.5) 

50 

(50) 
**XDR 7 

(36.84) 

3  

(42.86) 

9  

(13.63) 

2 

(25) 

21 

(21) 
***PDR 3 

(15.79) 

2 

(28.57) 

0 

(0) 

0 

(0) 

5(5) 

Total 

 (%/ 100) 

19 

 (19) 

7 

(7) 

66 

(66) 

8 

(8) 

100 

(100) 

Chi square= 30.077, P-value = 0.00042  the results are 

highly significant 
*MDR: Multidrug-resistant, **XDR: Extensive drug-resistant, ***PDR: Pan-drug-resistant 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. Antibiotic resistance pattern of the isolated E. coli. 

 

 
 

Fig 2.  Agarose gel (1.5%) of mcr-1 PCR products from 

colistin-resistant E. coli. Lanes S1–S2: ~300 bp; 

S3–S6: ~320 bp; ML: ladder; NC: negative control. 
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The current study used multiplex PCR to identify the 

mcr (1-5) genes in six E. coli isolates that showed 

resistance to colistin in the using the VITEK-AST analysis 

(Figure 2). The electrophoresis results showed that all six 

colistin-resistant E. coli isolates were harboring the mcr-1 

gene only, while the other genes mcr2-5 showed either 

negative or inconclusive results.  

 Colistin resistance is observed in clinical, food, and 

food animal isolates. This resistance is progressively 

developing and is regarded as a significant global issue. 

The development of colistin resistance is a result of the 

utilization of colistin in animal farms as a preservative 

for animal food and as a stimulant of growth. Individuals 

employed in animal farms and other businesses face a 

significant risk of contracting illnesses from animals. 

Resistance to colistin E. coli was detected in 6 samples, 

all of these isolates were identified as type of O157 

according to the results of growth on SMAC agar which 

is known to cause severe disease. Three of them were 

obtained from urine samples, while the other three were 

obtained from burn swabs. All of the isolates 

demonstrated the formation of Extended-Spectrum Beta-

Lactamases (ESBLs) and Carbapenemases, resulting in 

resistance to beta-lactam antibiotics and Carbapenem 

antibiotics. However, one isolate from burn swab 

surprisingly showed to be susceptible to Carbapenem 

antibiotics. Based on the study's results, prevalence of 

colistin resistance among E. coli is problem threatening 

human health.  

 

Discussion 

Colistin the last lifesaving antibiotic that have a 

bactericidal effect, it works on bacterial outer membrane 

leading to the disruption of the cell wall 

lipopolysaccharides (LPS). It is the last choice for treating 

infections caused by multidrug-resistant (MDR) 

pathogens, including E. coli (Mondal et al. 2024).  

Samples were cultured on MacConkey agar, for 

inhibiting the growth of Gram-positive bacteria and this 

explains the absence of bacterial growth in some samples 

(34.29%) (Jung and Hoilat, 2024). Among the study 

samples E. coli recorded the highest rate (43.5%) from the 

overall collected samples. Different studies confirmed the 

current results that E. coli is commonly isolated from UTI 

samples with a prevalence rate among different hospital 

and community samples of 64.5% (Vranic et al. 2017, 

Ameen, 2022, Danaei et al. 2023).  

The urine samples showed the highest rate of isolated 

E. coli 85% (85/100) such results were in agree with past 

studies (Nasser et al. 2013, Ameen, 2022). However, E. 

coli found in a lower rate 15% (15/100) among the isolates 

from inpatients with different degrees of burns (Roy et al. 

2024). Several studies conducted to determine the strains 

of bacteria responsible for contaminating hospital 

environment, results found that Gram-positive bacteria 

such as Staphylococcus spp. and Bacillus spp. were the 

main isolates, these results did not match with the results 

of the current study in which it recorded only 34.29 % (Orji 

et al. 2005, Zahornacký et al. 2022). 

Even though, other studies agree with the current 

results that support the predominance of Gram–negative 

bacteria as a main isolate from hospital environment and 

as a cause of nosocomial infections with specific highlight 

on the E. coli as the Gram-negative bacteria that is most 

isolated (Nagarjuna et al. 2015, Kasanga et al. 2024).   

Several studies conducted to identify the bacterial 

etiology of recurrent UTIs and burn site infections have 

reached the same results mentioned above in which E. coli 

remain the predominant bacterial isolates from UTI cases 

while the most common pathogens causing burn infection 

and burn sepsis remain Staphylococcus and Pseudomonas 

spp. (Vranic et al. 2017, Ameen, 2022, Roy et al. 2024).   

Gastrointestinal tract E. coli establishes itself in the 

urethra by traveling through the skin to the urinary-system, 

including the bladder and occasionally reaches the 

kidneys, resulting in pyelonephritis during urinary-tract 

infections. Additionally, it may spread from person to 

person by faces contact, 11% or so of human illnesses are 

caused by E. coli (Nagarjuna et al.  2015, Shrestha & 
Tumbahangphe 2022). The high prevalence of E. coli in 

UTIs patients, as compared to other Gram-negative 

bacteria, can be attributed to the production of several 

virulence-factors, which enhance its ability to colonize the 

urinary tract and induce infection. The main virulence 

factors found in E. coli isolated from urine samples and 

favors chronic situation are those involved in surface-

associated components such as: flagella, outer-membrane 

vesicles, non-pilus adhesins, pili, curli, outer-membrane 

proteins, polysaccharide capsules, and lipopolysaccharide. 

Furthermore, toxins such α-hemolysin and cytotoxic 

necrotizing factor type 1, in addition to iron-acquisition 

systems, play a crucial role in enhance infection 

(Mortazavi et al. 2019, Shrestha & Tumbahangphe 2022, 

Wise et al. 2023). 

Other Iraqi studies found that there was a significant 

resistance rate to trimethoprim/ sulfamethoxazole, 

piperacillin, ciprofloxacin, ticarcillin, and aztreonam 

(Wise et al. 2023), though these findings differed from 

those recorded in Vietnam and Iran (Mortazavi et al. 2019, 

Wise et al. 2023). These results are to be expected after the 

widespread usage of antibiotics in Iraq, even in the 

absence of an official prescription or medical advice. 

According to the definition of the European Centre 

for Disease Prevention and Control (ECDC) the results of 

antibiotic resistance have been divided into multidrug-

resistant (MDR), extensively drug-resistant (XDR), and 
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pan-drug-resistant (PDR) E. coli (Magiorakos et al. 2012, 

Mokabel et al. 2024, Nguyen 2024). When comparing 

sorbitol fermentation with the category of antibiotic 

resistance the results were highly significant, the PAN 

resistant E. coli was all sorbitol non-fermenter a result that 

have been recorded by several studies (Magiorakos et al. 

2012, Alizade 2018, Tran et al.  2024). The isolated E. coli 

identified in the study group patients demonstrated a 

significant resistance, exhibiting multi-resistance to 

different classes of antibiotics using variety of resistance 

mechanisms, including enzyme production such as 

carbapenemase, extended spectrum beta lactamase 

production, and finally the mobile colistin resistance 

genes. Similar results were recorded in Iraq and 

neighboring countries such as Saudi Arabia and Iran (Al 

Mayahi et al. 2019, Alizade 2018). 

Increasing use of colistin for treating various 

infectious diseases caused by antibiotic resistant Gram-

negative bacteria has led to the emergence of colistin 

resistance in several countries in Asia in addition to the use 

of colistin in livestock (Lencina et al. 2024). 

The emergence of carbapenem-resistant 

Enterobacteriaceae (CRE) has posed a substantial and 

challenging obstacle, leading to the extensive use of 

colistin globally. Immediate measures must be taken to 

promptly detect and control the worldwide spread of 

Enterobacteriaceae that carry carbapenemase, since it 

presents a substantial threat to public health (Hasan & 

Alwan, 2019). Plasmid-DNA conjugation can facilitate the 

transfer of the gene to plasmids that already carry other 

drug resistance genes. This process can have significant 

implications for drug-resistant strains. The findings 

highlight the imperative need for monitoring and control 

resistance to antibiotics. Improve tactics for reducing the 

spread of antibiotic-resistant bacteria. Further examination 

is required to determine the extent of colistin pan 

resistance in different bacterial strains. Colistin is 

currently employed as the final recourse antimicrobial 

agent for treating multidrug-resistant (MDR) and pan-

drug-resistant (PDR) Gram-negative infections (Binsker et 

al. 2022, Sharma et al. 2022, Adhikari et al. 2024). 

Inadequate infection control procedures and improper 

bactericidal medication delivery may be the reason of the 

occurrence (Sharma et al. 2022). However, our findings 

were found to be consistent with a study conducted in Al 

Hilla city that discovered that 11.3% of E. coli were 

resistant to colistin (Hasan & Alwan 2019). The overuse 

and irrational use of antibiotics during the COVID-19 

pandemic effectively contributed to the change of 

individuals microbiome and spread of resistance genes, in 

addition to the spread of plasmid-mediated resistance from 

animal sources through contaminated food, recurrent 

urinary-tract infections treated with empirical therapy, and 

other factors are likely to have contributed to the 

emergence of colistin resistance among clinical isolates in 

Karbala (Ayaz,  et al. 2019, Nikkhahi et al. 2021, Alshami 

et al.  2024). The mcr1 gene was found in four isolates with 

a size of 320 bp, which is consistent with the target primer 

size, whereas in two samples it was found to be below the 

target size (300 bp). It is not the first study that record 

appearance of smaller size PCR product of mcr1 gene 

(Nikkhahi et al. 2021, Alshami,2024, Al Momani et al. 

2024.). Although, the current study had several important 

limitations, such as the cross-sectional design without 

future follow-up due to several restrictions, and the fact 

that study did not include gene sequencing. However, the 

current study data highlight the threatening spread of mcr-

1-mobile colistin-resistance genes among E. coli isolates 

among isolates form UTI and burn patients, which is 

surprisingly not among the hospital environment samples, 

this is an alarming result and requires a high level of public 

health measures to prevent the spread of this type of 

resistance, especially when taking in consideration that is 

colistin antibiotics are the last-resort medication for 

treatment of infectious diseases caused by XDR 

bacteria. The mcr genes are carried by plasmids and can be 

spread by different mechanisms specially through 

conjugation to other commensal and pathogenic bacteria 

and it is able in no time could spread between other 

commensal bacteria (Tao et al.  2022, Al Momani et al. 

2024, Alshami et al.  2024).  

 

Conclusion 

The rise of plasmid-mediated colistin-resistant bacterial 

strains has raised concerns in clinical medicine. Colistin, a 

last-resort antibiotic, is increasingly used to combat 

multidrug-resistant infections. Understanding the genetic 

mechanisms behind colistin resistance is crucial for 

effective surveillance and management. The present 

investigation demonstrated that the mcr-1 genes was 

accountable for the predominant colistin resistance 

observed in clinical isolates of E. coli from UTI and burn 

samples. Sorbitol fermentation can be used to predict 

whether E. coli will be able to resist colistin according to 

the study results non-fermenter E. coli is a common 

species carrying such gene. Guidelines should be 

established on the irrational use of colistin and other 

antibiotics among human and livestock sectors to ensure 

the success in preventing the spread and further 

development of these resistance genes. 

This study demonstrated that probiotic 

supplementation significantly improved oxidative stress, 

hormonal balance, and inflammatory markers in a 

letrozole-induced PCOS rat model. Probiotics also 

contributed to the restoration of ovarian and hepatic 
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histology by increasing corpora lutea, reducing cystic 

follicles, and alleviating liver steatosis.  These findings 

highlight probiotics as a promising complementary 

approach for managing both reproductive and metabolic 

complications of PCOS. However, further research is 

needed to validate these benefits, optimize probiotic 

formulations, and assess their long-term clinical efficacy 

in human applications. 
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