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Abstract                                                     

Background: The first carbapenem resistance has been detected since 1997 and started to 

spread worldwide, posing a risk on the availability of an active antibiotic against resistant 

bacteria (Corbella et al., 2000). blaNDM was first discovered in 2008 by Swedish scientists 

treating a patient of an Indian descent. His urine culture yielded an isolate of Klebsiella 

pneumoniae that was resistant to multiple antibiotics including carbapenems (Krizova et al., 

2012, Johnson and Woodford, 2013).                                                                                    

Objective: To detect the New Delhi metallo (NDM)-β-lactamase mediated carbapenems 

resistance in clinical isolates of Pseudomonas aeruginosa in Khartoum State (Sudan).                                                                                                                                        

Materials and methods: This was an observational epidemiological study detecting the 

carbapenem resistance gene blaNDM in 21 carbapenem resistant clinical isolates of Pseudomonas 

aeruginosa collected from different hospitals in Khartoum State (Sudan) during the period from 

July to September 2016.                                                                                                                                        
The samples were tested for the resistance to meropenem and imipenem as well as the enzymatic 

resistance to carbapenems using the modified Hodge test (MHT). Specimens were analyzed 

using the real time polymerase chain reaction (rtPCR) to detect the resistance gene blaNDM.                                                                                                        

Results: 57.1% of the carbapenem resistance gene blaNDM  was found positive against both 

imipenem and meropenem. 33.3% of blaNDM were found resistant to meropenem, and 47.6% 

sensitive; while 19.1% of blaNDM  were found intermediately resistant to meropenem. Also, 

52.4% of the specimens  were resistant to imipenem, 28.5% were sensitive and 19.1% were 

intermediately resistant to imipenem. In total, 42.9% of the samples were found positive for the 

blaNDM.  

Conclusion: Monitoring the emergence of resistant strains may allow taking suitable 

preventive measures and therapeutic interventions.                                                              
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Introduction                                                                                                            

Pseudomonas aeruginosa is an opportunistic organism that can cause serious infections specially 

in immunocompromised and hospitalized patients. They can acquire and disseminate resistance 

genes to other microorganisms in their environment. The emergence of carbapenem resistance 

pose an imminent threat that leaves patients with poor choices or no choice for treatment. 

Carbapenems are strong antibiotics and they are considered the last resort of treatment for 

patients with complex bacterial infections.                                                             

Thereafter, reports of NDM resistance were registered worldwide, in the United States, South 

Africa and Kenya as well as East Africa (Brink et al., 2012, Corbella et al., 2000, Poirel et al., 

2011, Revathi et al., 2013).      
 

Materials and Methods      @@@@@@@@@@@@@@@@@                                                                                                                          

This study was conducted to detect carbapenem resistance gene blaNDM in 21 clinical isolates of 

Pseudomonas aeruginosa in Khartoum State (Sudan), during the period from July to September 

2016. A total number of 21 clinical isolates of pseudomonas aeruginosa were tested using 

standard disc diffusion method for the resistance to meropenem and imipenem and tested for the 

enzymatic resistance to carbapenems using modified Hodge test (MHT). Using primers adapted 

from a study published by Monteiro et al (Monteiro et al., 2012), real-time PCR was 

implemented to determine the presence of blaNDM gene. Amplifications were performed in 25 µL 

of the Master Mix reaction containing 5 µL of 5× FIREPol PCR Master Mix (Solis BioDyne, 

Estonia), 1 µL of Eva green fluorescent dye, a sufficient quantity of sterile water, primers and 

0.3 µL of the DNA template. The pairs of primers were optimized to 1 µL at a final 

concentration of 0.2 mM, with the inclusions of positive and negative controls, the rtPCR was 

performed using Sacycler-96 instrument (Sacacae biotechnology, Italy). The real-time PCR 

conditions were as follows: 94 C̊ for 10 min; 40 cycles of 94 C̊ for 40 s, 55 C̊ for 45 s and 72 C̊ 

for 50 s and a final elongation step at 72 C̊ for 10 min. The Sacycler-96 instrument automatically 

calculated the derivatives of fluorescence measured at 533 nm. 

Results: 

The samples were tested for the resistance to meropenem and imipenem as well as the 

enzymatic resistance to carbapenems using modified Hodge test (MHT) and then were 

analyzed using real time polymerase chain reaction (rtPCR) to detect the presence of the 

resistance gene blaNDM.  In total, 42.9% of the samples were positive for the blaNDM.  

While the MHT showed positive results of 57.1% in both imipenem and meropenem, these 

antibiotics continued to have different resistance patterns. 33.3% of the samples were resistant 

to meropenem, and 47.6% were sensitive while 19.1 were intermediately resistant to 

meropenem. Among the meropenem resistant organisms 42.9% of them were positive for the 
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blaNDM, 25% of the intermediately resistant were positive for the blaNDM and 33.3% of the 

sensitive organisms were positive to the blaNDM.   

52.4% were resistant to imipenem, 28.5% were sensitive and 19.1% were intermediately 

resistant to imipenem. Among the imipenem resistant organisms 45.5% of them were positive 

for the blaNDM, and 50% of the sensitive organisms were positive to the blaNDM.  

Discussion: 

New Delhi Metallo-β-lactamase (NDM) is a plasmid encoded transferable molecular class B β-

lactamase gene. Unlike other classes of β-lactamases, NDM has zinc ions at its active site, and 

it can hydrolyze all β-lactam antimicrobials except for monobactam (Saini and Bansal, 2012) 

Furthermore, most NDM positive bacteria are resistant to a wide variety of other antimicrobial 

classes and carry several additional resistance mechanisms for example to aminoglycosides, 

fluoroquinolones, macrolides and sulfonamides, leaving few treatment options available (Kim 

et al., 2011). 

Many factors have contributed to the tragedy of antimicrobial resistance in the world generally 

and in Sudan particularly. Overall, there are debatably two main, but changeable, factors that 

drive increasing levels of antimicrobial resistance; the types, quantities and ways 

antimicrobials are prescribed and used, and the spread of resistant microorganisms and the 

genes encoding for it. 

The outcome of the study divulges that on average 44% of the carbapenem resistant organisms 

are accounted for the presence of the gene blaNDM, this speculate that there are other 

mechanisms of resistance involved in their carbapenem resistance phenomenon. Emergence of 

antimicrobial resistance genes specially those disseminating through mobile genetic elements 

like plasmid can be a serious cause of fatal illness and a threat of outbreaks.  

Conclusion 

This study provides an evidence that the critical tendency toward antibiotic resistance in P. 

aeruginosa include carbapenems, the last standard antibiotic substitute for the most resistant 

isolates worldwide. Low environmental Sanitation, close contact between infected patients and 

health care professionals, and unnecessary carbapenems use are the main factor to help rapid 

dissemination of carbapenem resistant P. aeruginosa throughout medical settings.  

Management of these emerging organisms is complex and requires a combination of health 

care system protocols and social practice change.  Regulation of antibiotic prescription by 

amending legislations restricting the unnecessary prescription of antibiotics and prohibiting the 

off-counter sales of antibiotic. development of suitable therapeutic and preventive plans by 

investigating other mechanisms of resistance and implementing infection control policies, 

quality control and surveillance systems to detect resistance emergence will help in the 

management of this quandary.  
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