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Abstract 

Background: The emergence and dissemination of carbapenem-resistant Escherichia coli    

(E. coli) strains is a main risk for global public health. Little is known about the carbapenemase 

producing E. coli in Khartoum (Sudan). The emergence of the extended-spectrum-β-lactamase 

(ESBL)-producing Escherichia coli (ESBL-E. coli) is a global problem. However, its prevalence 

rate  and epidemiology differ significantly depending on its geographical location. 

Objective: To study the frequency rate of carbapenem-resistant E. coli species isolated from 

clinical specimens at Khartoum State hospitals.  

Materials and methods: This was a retrospective study investigating the clinical 

specimens: urine, ear swabs, wound swabs, and eye swabs. A total of 700 clinical specimens 

were processed to isolate and identify E. coli species. 200 E.coli species were identified. 

Antimicrobial sensitivity testing was performed. Positive Escherichia coli-resistant species were 

screened by real time polymerase chain reaction (RT-PCR).  

Results: From the 200 positive Escherichia coli-resistant species, 56 carbapenemase-producing 

E. coli species were identified. All species tested were found resistant to meropenem and 

imipenem. The number of positive ESBL-E. coli genes were: bla-NDM gene (46/43%), bla-VIM 

gene (28/26% ), bla-KPC gene (10/9%), and bla-OXA-48 gene (24/22%). The frequency rate of 

NDM-producing E. coli species and VIM-producing E. coli species were found higher than that 

of other OXA-48 and KPC genes. 

Conclusion: The bla-NDM gene was the principal resistant gene producing carbapenem-

resistance among E. coli species in Khartoum State hospitals.  
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Introduction 
 

According to a recent report from the World Health Organization (WHO), the prevalence rates 

of E. coli resistance to third-generation cephalosporins were 14% in Europe, 15% in the United 

States, and 30% in Southeast Asia. The prevalence rates of E. coli resistance to cephalosporins 

was highest in developing countries in Asia (38%), in Nepal (68%), in Myanmar (16%), and in  
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India (95%). While the prevalence rate of E. coli resistance to cephalosporins was relatively low 

in more-developed Asian countries, e.g. Japan (17%)1. 

Plasmid-mediated carbapenemases, presently prevalent in K. pneumoniae and E. coli, include 

class A (KPC type), class B (VIM, IMP, and NDM types), and class D (OXA type) enzymes. In 

Pseudomonas aeruginosa, carbapenem resistance may be due to important mutational 

mechanisms, including de-repression of Amp C, upregulation of active efflux, and loss of the 

carbapenem-specific outer membrane porin OprD (3). In addition, it can be mediated through the 

metallo-beta-lactamases (MBLs), mostly IMP, VIM, SPM, GIM, AIM, or DIM enzymes, 

although other enzymes, including KPC, GES, and OXA variants have been documented in this 

species. Multiple mechanisms of resistance often exist in combination2.                                         

Materials and methods:                                                                                                                             

This was a descriptive cross-sectional study conducted in different hospitals in Khartoum State 

(Sudan). Duration of the study was from December 2016 to November 2018. The study 

population were patients with bacterial infections affecting the urinary tract, ears, wounds, and 

eyes. Data were collected using a direct interview questionnaire. The study was based on non-

probability convenience sampling technique when the patients were attending the hospitals for 

medical care. The study was ethically approved by the Ethical Committee of the National Ribat 

University (Khartoum, Sudan). Permission to conduct the study was taken from the College of 

Graduate Studies at the National Ribat University. Permission to collect the specimens was 

granted by the directors of the different hospitals in Khartoum State involved in the study. The 

patients were informed for the purpose of the study before collection of the specimens, and 

verbal consent was taken from each participant. 

The sample size was 700 clinical  specimens. All specimens were cultured and isolates were 

identified according to the conventional bacteriological methods. Antimicrobial sensitivity 

testing was performed on all pure isolates using the disc diffusion method. Antibiotics tested 

were imipenem (IPM,10μg) and meropenem (MEM,10μg). The disc diffusion method was 

performed according to the guidelines of the Clinical and Laboratory Standards Institute3.  

Inhibition zones were measured in millimeters and susceptibility pattern was determined as per 

manufacturer's reference ranges, i.e. resistant less than 19 mm and sensitive ≤ 23 mm zone of 

inhibition. E. coli (ATCC 25922) was used for quality control. ESBL production was detected by 

the double disk diffusion method. The bacterial isolates were stored at (-80°C) in 20% glycerol 

tryptone soya broth.                                                                                                                                                        

DNA Extraction: The bacterial DNA was extracted from all isolates using iNtRON genomic 

DNA extraction kit. The isolates were cultivated on nutrient agar plates and incubated at 37°C 

overnight aerobically. A 300 µl heavy organism suspension was prepared in a 1.5 ml tube. The 

kit consists of a washing buffer, lysis buffer, protein precipitation solution, rehydration solution,  

and 70% ethanol. All the materials were brought to room temperature before use. 18 resistant 

genes were selected, including four carbapenem-resistant genes: blaNDM, blaVIM, and blaKPC, and 

blaOXA-48, The extracted DNA was stored at -20 °C until needed to detect the resistant genes.  
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Primers design: Target carbapenemase genes in this study were class A blaKPC-2, class B Metallo  

β-lactamase blaVIM,  and blaNDM  as well as class D blaOXA-48. The primers used in this study were 

according to Monteiro and his colleagues (2012)4 .                                                                                  

The test reaction was set to a total volume of 25µl. 5µl master mix, 1µl of forward and reverse 

primers (Table 1). The amount of Eva green dye was used in the reaction varied per the amplicon  

size. A volume of 2µl of the Eva green was used for blaKPC. 1.5µl was used for blaOXA-48 and 

blaVIM, and 1µl Eva green was used for blaNDM . 0.3 µl of the DNA template was used and the rest 

of the reaction’s volume was double distilled water. 
 

Table 1: Primers sequence 

Genes Primer Sequence °C M.W Amp 
 

blaOX A-48 
OXA-48-F 5'-GCGTGGTTAAGGATGAACAC-3' 50.8 5855.9  

177 
OXA-48-R 5'-CATCAAGTTCAACCCAACCG-3' 50.8 5865.5 

 

KPC KPC-F 5'-CGTCTAGTTCTGCTGTCTTG-3' 52.6 5492.6  

785 
KPC-R 5'-CTTGTCATCCTTGTTAGGCG-3' 63 7224.7 

 

VIM 
VIM-F 5'-GATGGTGTTTGGTCGCATA-3' 55.4 6024.0  

382 
VIM-R 5'-CGAATGCGCAGCACCAG-3' 57.4 6160.1 

 

NDM 
NDM-F 5'-GGTTTGGCGATCTGGTTTTC-3' 54.9 5463.6  

82 
NDM-R 5'-CGGAATGGCTCATCACGATC-3' 55.6 5463.6 

 

Using the Sacycler 96 (Sacace Biotechnology), real-time PCR protocol was carried out at hot 

start 94°C for 10 min. and 40 cycles. The loop steps were: denaturation at 94°C for 45 seconds, 

annealing at 52°C for 45 seconds, and elongation at 72°C for 30 seconds, including the 

fluorescent data at acquisition 533 nm filter. A final elongation step was set at 72°C for 10 min. 

At the end of the polymerization cycles, a melting curve step was added starting from 65°C and  

gradually increased by 0.1C/s up to 95Cᵒ, with the fluorescence data acquisition every 1 second. 

The PCR products were resolved on 2% agarose gel stained with ethidium bromide and 

visualized using electrophoresis and short wavelength ultraviolet light.                                                                                    

The Statistical Package for Social Science (version 11.5) software program was used for data 

analysis; and significance levels were set at p = ≤ 0.05). 
 

Results                                                                                                                                                    
 

A total of 57 carbapenemase resistance-producing E. coli species were detected among 200 

(28.5%) isolates. Resistance to imipenem and meropenem against Escherichia coli species were 

found associated with bla-KPC, bla-VIM , bla-NDM and bla-OXA-48 genes. The meropenem 

and imipenem antimicrobial sensitivity profile showed that 30% of carbapenemase-producing   

E. coli species were resistant to imipenem and 50% were resistant to meropenem. 

The sensitivity pattern of imipenem was found significantly correlated to that of meropenem.  

The resistant genes detected were OXA-48 (22%), VIM (26%), KPC (9%), and NDM (43%). 

As shown in Fig. (1), the frequency rate of the positive resistant genes detected among the 

species of Escherichia coli isolated were OXA-48 (42.1%), VIM (49.1%), KPC (17.5%), and 

NDM (80.7%).                                                                                                                                
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Fig. (1): The frequency rate of resistant genes detected                                                                              

among Escherichia coli species isolated 
 

Discussion  
 

Multiple resistance to antimicrobial drugs among E. coli isolates complicates therapeutic 

management of infections. Drug-resistance surveillance and epidemiological analysis of patient 

data is needed periodically and can be informative for appropriate management of antimicrobial 

resistance. Understanding the molecular basis of resistance acquisition and transmission can 

contribute to the development of new strategies to combat this phenomenon.                                             

The increased numbers of bacteria carrying ESBL genes, lead to an increase in the clinical use of 

carbapenem antibiotics. This resulted in increasing the numbers of clinical isolates carrying β-

lactamases with carbapenem-hydrolyzing activity. Diverse groups of carbapenemase encoding 

genes had been identified in different parts of the world. The most effective genes are: blaKPC, 

blaVIM, blaNDM,  and blaOXA-48  in the sense of the hydrolysis spectrum and being the most 

frequently identified genes worldwide.                                                                                                          

In this study, a total of 57 (28.5%) carbapenemase-producing E. coli species were detected 

among 200 isolates. The frequency rate of multi-drug resistant E.coli isolates was found lower  

(28.5%) than the findings of Ahmed and his colleagues in Sudan (2000)5 who reported a 58% 

frequency rate of multi-drug resistant E.coli species isolated from urinary tract infections. In the 

present context, the frequency rate of multi-drug resistant E.coli isolates was similar to that 

reported in south America by Bartoloni and his co-workers6; however, it was relatively lower 

than that reported in other countries, e.g. Egypt (87%)7, Ethiopia (74.6%)8, Nigeria (83.9%)9, and 

Saudi Arabia (74%)10.  Furthermore, this study findings were much higher than those reported in 

Europe11 and USA12.                                                                                                                            
Conclusion: The bla-NDM gene was the principal resistant gene producing carbapenem-resistance 

among E. coli species in Khartoum State hospitals.                                                                         
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